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ABSTRACT 
 
The aim of this review was to evaluate the importance of the real-time PCR (qRT-PCR) as a technique for mRNA 
expression analysis in different tissues. Real-time PCR is widely used for quantification of mRNA levels and is a 
fundamental tool for basic research, molecular medicine and biotechnology. Genes of references are expressed in a 
wide variety of tissues and cells with minimal variations in their expression levels, and thus are used to normalize 
data of mRNA quantification. Software programs, such as geNorm, BestKeeper and NormFinder, have been 
developed to perform the normalization of data, which help to choose the most stable reference gene. Several genes, 
such as GAPDH, β-actin, β-tubulin, PGK, UBQ, RPL-19 and 18S rRNA have been suggested as standards in PCR 
studies, but these genes can have variation in their expression in different tissues, reinforcing the idea that there is 
no ideal reference gene.  
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INTRODUCTION 
 
The polymerase chain reaction (PCR) is a sensitive 
technique by which a single DNA molecule can 
serve as a template for amplification (Azevedo et 
al. 2003). A variant of this method is real-time 
quantitative PCR (qRT-PCR), which allows 
quantification of a specific region of DNA. This 
technique has been successfully used to evaluate 
the levels of mRNA in a given cell type. Reference 
or housekeeping genes are expressed constitutively 
by different cell types (Nelson and Cox 2004) and 
are used to normalize the data (Karge et al. 1998). 
The best known housekeeping genes in literature 
are glyceraldehyde-3-phosphate desidrogenase 
(GAPDH), β-actin, ribosomal proteins (RPL), 

ubiquitin (UBQ), β-tubulin, 18S ribosomal protein 
(18S rRNA) and phosphoglycerate kinase (PGK). 
Although the products of these genes are 
constitutively expressed, the variation in the levels 
of their messenger RNA in certain experimental 
conditions shows genetic instability, which makes 
these genes inappropriate in certain situations. 
Dheda et al. (2004) have shown that some 
reference genes are highly specific for a particular 
model and that experimental validation for each 
situation is a crucial requirement. Specific 
programs have been developed to choose the most 
suitable reference genes for each experimental 
model. GeNorm uses the geometric mean of more 
than one reference gene, because multiple 
reference genes reduce the variations and errors in 
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the analysis of the final expression (Vandesompele 
et al. 2002). The BestKeeper makes the best 
correlation of the average variation for all pairs of 
candidate reference and calculates the geometric 
mean of the pair more suitable (Pfaffl et al. 2004), 
while NormFinder uses a model-based approach to 
order variations among subgroups and prevents the 
selection of co-regulated genes (Andersen et al. 
2004). This review aims to discuss (1) the 
efficiency of PCR in real time, (2) the reference 
genes more frequently used, and (3) the programs 
developed for data normalization between the 
samples. 
 
 
POLYMERASE CHAIN REACTION 
(PCR) AND REAL-TIME PCR 
 
The PCR reaction consists of different stages, 
which includes DNA denaturation for the 
separation of double stranded, primers association 
by hydrogen bonds to the DNA target in a single 
chain and extension of the primers by synthesizing 
the complementary strand, catalyzed by DNA 
polymerase (Mullis and Faloona 1987). The 
efficiency and specificity of PCR is dependent on 
various parameters such as the length of the 
amplicons and the specificity of hybridization and 
melting temperature of the primers. The primer 
design is, therefore, of fundamental importance for 
the success of experiments with PCR, but can be 
time consuming and repetitive (Gervais et al. 
2010). Bustin (2002) stated that replicates with 25 
to 40 cycles could be made which would increase 
the initial concentration of DNA. 
In the last decade, a variant of conventional PCR, 
the real-time quantitative PCR (qRT-PCR), has 
been important in molecular diagnostics because 
of its high sensitivity (Abbott et al. 1988; Syvänen 
et al. 1988). The application of real-time PCR has 
been showing increasingly usable in different 
areas of functional genomics, as well as in 
molecular medicine, virology, microbiology and 
biotechnology (Bustin 2005). This technique is 
used to amplify and simultaneously quantify a 
specific region of the DNA molecule. In the 
conventional PCR, electrophoresis is used to 
assess the product of amplification, while in qRT-
PCR, fluorescent molecules are used for the 
chemical reaction, which allows the quantification 
of the amplicon. 
The SYBRGreen provided the simplest method for 
the detection and quantification of the PCR 

products in real-time reactions with high 
sensitivity (Nygard et al. 2007). The SYBR Green 
binds to the double-stranded DNA and emits light 
upon excitation. As the reaction proceeds and the 
PCR products accumulate, the fluorescence 
increases proportional to the amount of specific 
DNA present in the original sample (Pabla and 
Pabla 2008). As the amplification starts, more 
SYBRGreen molecules are associated with the 
newly synthesized double-stranded DNA and the 
fluorescence is steadily increased at a specific 
wavelength that is measured after each 
amplification cycle. The step at which the 
fluorescence exceeds the background at the 
exponential phase of the amplification, the cycle 
threshold (Ct) or crossing point (CP), is therefore 
recorded (Wong and Medrano 2005). The SYBR 
Green is added in the PCR reaction along with 
other reactants and a laser detector is used to 
detect the level of fluorescence. The presence of 
double stranded DNA in the solution is capable of 
increasing the light emission at about 100 times to 
the same concentration of SYBR Green. This 
fluorophore is a nonspecific agent and reveals any 
double strand generated in the PCR (Pabla and 
Pabla 2008). To quantify the levels of mRNA for 
the growth factor in the mammalian ovaries, the 
group has used the SYBR Green (Frota et al. 2010; 
Costa et al. 2012). The main advantages of using 
this fluorophore are the relative simplicity and the 
reduced costs when compared to other methods. 
The TaqMan is another system of light emission 
that increases the specificity of the reaction, but it 
has a higher cost, especially because the use of a 
modified oligonucleotide primers in addition to the 
usual PCR. These probes are specific for a gene 
segment and present a fluorophore at position 5' 
capable of absorbing the light energy emitted by 
the equipment and dissipate it as light and heat in 
the wavelength higher than the original. However, 
in its native position, all light emitted by the 
fluorophore is absorbed by the chelating substance 
present in the 3' end of the probe. Thus, the optical 
system of the equipment is not capable of 
detecting the fluorescence in the reaction tube. On 
the other hand, if the reaction is able to generate 
the amplicons, the probe will hybridize with the 
target and will be exposed to exonuclease activity 
of polymerase. As a result, the probe will be 
degraded and the fluorophore, away from the 
chelating substance, no longer would be able to 
absorb the light emitted (Bustin 2002). The 
equipment for real-time PCR uses a light source 



Real Time PCR and Importance of Housekeepings Genes for Normalization 

Braz. Arch. Biol. Technol. v.56 n.1: pp. 143-154, Jan/Feb 2013 

145

capable of exciting the fluorophore involved in the 
reaction. The TaqMan technique has several 
advantages over the classical quantitative PCR 
system. The use of fluorescent dye-labelled probes 
increases the sensitivity of the system by at least 
seven orders of magnitude and gives rise to a 
linear relationship between the copy number and 
Ct values (Leutenegger et al. 1999). The 
fluorescence produced by the sample is detected 
by the system. In this new situation, each light 
stimulus generated by the equipment matches with 
the second light emission by the fluorophore. 
Therefore, the light emission is proportional to the 
amount of product generated in the reaction tube. 
This, in turn, is proportional to the amount of 
initial targets for the amplification reaction (Bustin 
et al. 2005). 
Molecular beacons (MBs) are single-stranded 
nucleic acid molecules that possess a hairpin 
structure (Wang et al. 2009) and the loop portion 
of the hairpin structure is the probe sequence 
complementary to the target. A fluorophore, often 
called reporter, is linked to one end of the strand 
and a quencher is linked to the other end. Probe 
hybridization is highly specific by nature because 
molecular beacons are designed to 
thermodynamically favor the quenching hairpin 
structure rather than to hybridize to nonexact 
matches (Marras et al. 1999). The MBs have 
become a class of DNA probes that is widely used 
in chemistry, biology, biotechnology and medical 
sciences for biomolecular recognition (Tan et al. 
2004; Weile and Knabbe 2009; Sidoti et al. 2012). 
The LightCycler tecnology (Roche®) combines 
continuous fluorescence monitoring of the PCR 
and rapid-cycle PCR within glass capillaries 
(Wittwer et al. 1997a, b); it uses the fluorogenic 
hydrolysis or fluorogenic hybridization probes for 
the quantification (Ririe et al. 1997) in real-time 
fluorescence PCR providing a greater speed than 
the conventional PCR. The LightCycler 
technology uses two fluorescent oligonucleotide 
probes (one labeled at the 3′ and the other at the 5′ 
end) with a phosphorylation modification at the 3′ 
end to prevent the extension. This approach has 
been introduced as a practical alternative to the 
conventional PCR for the identification of micro-
organisms (Woo et al. 1998), determination of 
genotype (Nauck et al. 1999) and detection of 
mutation (Mangasser-Stephan et al. 1999). 
The LUX real-time PCR (Light Upon eXtension 
real-time PCR) employs a single-labelled primer 
with a fluorophore at the 3´- end and a 

corresponding unlabelled primer. The labelled 
primer is designed as an oligonucleotide forming a 
hairpin structure within a 5´-short tail sequence of 
4–6 nucleotides which is complementary to the 3´-
end of primer where the fluorophore is located 
(Nazarenko 2006). The LUX assay does not 
require oligonucleotide probe and quencher 
molecule, instead, it uses only two primers – like 
conventional PCR – one of which is labelled with 
a fluorophore molecule. This set-up enables 
melting curve analysis on completion of the 
amplification, which provides a convenient and 
reliable way for confirming its specificity (Kiss et 
al. 2006). This technique simplifies the PCR 
kinetics and the hairpin oligonucleotides prevent 
primer-dimer formation and mispriming 
(Nazarenko et al. 2002). 
The real time PCR technique is effective to 
measure the absolute transcript and provides 
valuable quantitative information on gene 
expression from different sources and samples 
(Peters et al. 2004; Huggett et al. 2005; Nolan et 
al. 2006). It is a flexible and sensitive quantitative 
method (Wang and Brown 1999; Bustin et al. 
2000). The quantification of gene expression has 
many advantages over other techniques such as 
shortest time, low cost of reagents and rapid 
results. Compared to the classical PCR, one of the 
main advantages of real-time PCR is its speed to 
provide reliable data. Typically, the time of real-
time PCR varies from 20 minutes to 2 h. Indeed, 
the time required to change temperature is a 
limiting factor responsible for the duration of an 
experiment in the classical PCR. Moreover, the 
amplification by the real time PCR can be 
performed on the machines that can accommodate 
up to 384 wells and several rounds of 
amplification to be carried out for 24 h interrupted 
(Schnerr et al. 2001; Wurmbach et al. 2003). 
The quantification in real time the exponential 
phase is not affected by any component of the 
reaction. Despite small differences in the levels of 
transcription measured by the conventional PCR, a 
series of optimizations and post-PCR 
manipulations are required. These optimizations 
should be performed for each individual sample, 
because the expression of RNA can vary widely 
between different samples. Thus, real time PCR 
has been recognized as the method of choice due 
to sensitivity and accuracy in the quantification of 
mRNA transcripts (Bustin 2002). 
Real-time PCR has been successfully used to 
compare the levels of mRNA in blood 
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mononuclear cells between the healthy individuals 
and those affected by the tuberculosis (Dheda et al. 
2004). This technique is very efficient to measure 
the levels of mRNA of multiple genes in the 
samples of ovarian follicles at different stages of 
development (Celestino et al. 2010; Frota et al. 
2010), of oocytes and pre-implanted embryos 
(Robert et al. 2002). Real-time PCR has also 
shown a good performance during the 
quantification of RNA in the embryos of domestic 
animals (Fink et al. 1998). 
The applicability of this technique in reproduction 
can be found in the oocytes and cumulus cells 
undergoing maturation in vitro in the horse 
(Begnini 2010) during the final follicular 
development (Kawashima et al. 2008; Chen et al. 
2009) and in the embryos before (Bebbere et al. 
2008; Nemcova et al. 2006) and after their 
cryopreservation (Leoni et al. 2009). In addition, 
Pabla and Pabla (2008) showed that PCR is the 
main reason for the advent of recombinant DNA 
technology and great achievements as mammalian 
cloning and human genome project would not 
have been possible without their existence. 
 

 
STRATEGIES FOR NORMALIZATION 
OF mRNA EXPRESSION 
 
The levels of mRNA are generally normalized to 
avoid the deviations from the processes of 
measurement, such as variation of the executions, 
the disparities in terms of quantity and quality of 
mRNA between the samples caused by pipetting 
errors, and differences in the efficiency of 
enzymes used for reverse transcription and 
amplification steps (Banda et al. 2007). Despite 
being widely used for the quantification of mRNA 
in the biological samples, the real time PCR has 
some problems associated with its use, which 
includes variability of RNA extraction protocols 
that may inhibit the PCR efficiency (Bustin et al. 
2004). It is important to choose a method of 
regulation to control the errors. Several strategies 
have been proposed for data normalization in real-
time PCR. According to Huggett et al. (2005), 
some strategies can be used for normalization in 
real-time PCR. Normalization using tissue samples 
with similar sizes and volumes may be relatively 
easy, but may not be biologically representative, as 
these samples may have different conditions that 
can lead to an experimental error. The genes of 
references or housekeeping appear as the 

normalizing real-time PCR. The reference genes or 
housekeeping genes are expressed in a wide 
variety of tissues and cell types and show no or 
only minimal changes in expression levels 
between the individual samples and experimental 
conditions. These genes are used to normalize the 
mRNA levels of genes of interest before the 
comparison between different samples by the real 
time PCR. The right choice is crucial to properly 
analyze the results of qRT-PCR (Suzuki et al. 
2000; Radonic et al. 2004). These reference genes 
are responsible for measuring and reducing the 
errors from variations among the samples, 
extraction and RNA quality and efficiency in 
cDNA synthesis, internal controls and the different 
experimental samples (Tichopad et al. 2003, 2004; 
Peters et al. 2004), like in normal cells or diseased 
tissue (Huggett et al. 2005). 
A housekeeping gene ideally should be stable, 
expressed in the cells and tissues of interest that do 
not show changes under the experimental 
conditions or disease state. However, there is no 
ideal housekeeping gene (Vandesompele et al. 
2002). Typically, the used housekeeping genes 
show variability in expression levels in different 
tissues (Selvey et al. 2001; Ohl et al. 2005), 
emphasizing the importance of evaluation studies 
to identify the most stable housekeeping gene in 
different tissues and/or disease states before the 
start of any study with real time PCR. 
Vandesompele et al. (2002) proposed to use the 
geometric mean of all the genes for normalization, 
and, depending on the tissue, recommended the 
use of three to five different control genes. 
Hundreds of genes of references have been 
identified by the microarray analysis and many of 
these can be used as control (Warrington et al., 
2000). For the normalization of mRNA 
expression, the most commonly references genes 
used in the real-time PCR are glyceraldehyde-3-
phosphate dehydrogenase (GAPDH), β-actin, β-
tubulin, phosphoglycerate kinase (PGK), ubiquitin 
(UBQ), ribosomal protein 19 (RPL-19) and 18S 
ribosomal RNA (18S rRNA). 
 
 
GLYCERALDEHYDE – 3 - PHOSPHATE 
DEHYDROGENASE (GAPDH) 
 
A widely used as a housekeeping gene is the 
glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) is an enzyme that catalyzes the sixth 
step of glycolysis, a process in which glucose is 
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converted into pyruvate. Its role in glycolysis is 
not its only function, since it still participates in 
DNA repair (Meyer-Siegler et al. 1991) and 
transcriptional regulation (Sirover 2005). As one 
of the most common reference genes, GAPDH is 
often used to normalize the gene expression data, 
being used as an endogenous control in the 
quantitative analysis of RT-PCR, since in some 
experimental systems, its expression is very 
constant (Edwards and Denhardt 1985; Winer et 
al. 1999). However, the concentrations of GAPDH 
may vary between different individuals (Bustin 
and Mckay 1999), for example, during the 
pregnancy (Cale et al. 1997), with the 
development stage (Puissant et al. 1994; Calvo et 
al. 1997) and during the cell cycle (Mansur et al. 
1993). 
According to Robert et al. (2005), studies with 
qRT-PCR determined the expression of 1,718 
genes using GAPDH as reference gene in 72 kinds 
of normal human tissues. The use of GAPDH in 
the studies with clinical samples of cervical human 
tissues HPV-positive appeared as a reliable 
strategy for the normalization in qRT-PCR using 
the program NormFinder (Shen et al. 2010). On 
the other hand, GAPDH was not suitable as an 
internal control in rabbit tissues (Deindl et al. 
2002) and in nucleated human blood cells (Bustin 
et al. 1999). 
In bovine oocytes, GAPDH was selected as 
reference gene because its expression showed 
stability (Van Tol et al. 2007); in zebrafish 
embryos, the GAPDH gene was considered less 
stable (Lin et al. 2009). In fibroblast cell lineages 
of mice under different treatment conditions with 
antidepressants, the levels of GAPDH were 
unstable (Sugden et al. 2010). 
 
 
β-ACTIN  
The β-actin gene encodes a structural protein of 
cytoskeleton, and is perhaps the most widely used 
gene for normalization in the experiments of gene 
expression (Pohjanvirta et al. 2006). β-actin 
showed high stability in fresh and in vitro cultured 
goat preantral follicles, (Frota et al. 2010). In 
asthmatic children, β-actin can be used as 
housekeeping gene in the studies of gene 
expression in human respiratory epithelial cells 
(He et al. 2008). On the other hand, Dheda et al. 
(2004) found that in the patients with tuberculosis, 
 

β-actin showed maximum variations in its 
expression in the blood cells, being inappropriate 
for standardization. For the samples of human 
skeletal muscles exposed to creatine 
supplementation on short-term and high intensity 
exercise, the β-actin gene was considered a valid 
option for real-time PCR analysis (Murphy et al. 
2003). In the studies with lymphoid cells in cattle 
(BL-3), β-actin was stable when analyzed by the 
program NormFinder (Anstaett et al. 2010). 
In the patients undergoing renal transplantation, 
acute rejection and antirejection therapy, the gene 
β-actin is influenced in its expression, which 
makes it unsuitable for standardization (Gibbs et 
al. 2003). During the analysis of the expression of 
interstitial cells in the heart valves in sheep, the 
gene β-actin was considered invalid (Yperman et 
al. 2004). According to Fu et al. (2010) in normal 
ovarian tissue, or in ovaries with endometriomas 
or various types of tumors, β-actin showed low 
stability among the groups. Several data have 
shown that the genes of references, such as β-
actin, depending of the tissue, may be 
inappropriate as internal standard because of its 
variability (Bustin 2002). Several authors 
confirmed that the β-actin used as housekeeping 
presented differential expression in various tissues 
(Selvey et al. 2001; Barber et al. 2005). 
 
 
β-TUBULIN 
 
The microtubules are part of the cytoskeleton of 
eukaryotic cells participating in various cellular 
processes, such as segregation of chromosomes 
during mitosis and meiosis, intracellular transport 
and positioning of organelles. On the walls of the 
microtubule cylinders, filaments of β-tubulin are 
found (Mandelkow and Mandelkow 1993). In the 
studies with oocytes in germinal vesicle stage, the 
β-tubulin gene showed decreased levels of 
expression after their fertilization when embryos 
developed until the eight cell stage. This decrease 
in β-tubulin expression was followed by a sharp 
increase at the blastocyst stage, indicating that this 
housekeeping gene was not an ideal gene to use as 
an as internal standard (Robert et al. 2002). On the 
other hand, the β-tubulin did not appear to be 
suitable for normalization of mRNA levels in the 
cultured in goat preantral follicles (Frota et al. 
2010). 
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UBIQUITINA (UBQ) 
 
The Ubiquitin (UBQ) is a small protein composed 
of 76 amino acids, which plays a key role in the 
processes of protein degradation, DNA repair, 
signal transduction and transcription regulation by 
endocytosis (Christensen et al. 1992; Chan et al. 
1995; Okazaki et al. 2000). The UBQ is a highly 
conserved protein of 8 kilodaltons, with 72 of the 
76 amino acids present in fungi, plants and 
animals which bind covalently to lysine residues 
(Lys) in the target proteins (Callis and Vierstra 
1989; Hershko and Ciechanover 1992). The UBQ 
binds to a protein that acts as a substrate for the 
attachment of UBQ, which leads to the formation 
of chains of polyubiquitin. Classically, 
poliubiquitination is a signal that directs the 
proteins to the proteasome, where UBQ is recycled 
and the protein is degraded (Hershko and 
Ciechanover 1992). Ubiquitination also remodels 
the surface of proteins, and therefore, potentially 
affects the properties such as stability and activity 
(Pickart and Eddins 2004), interactions with other 
proteins and plays a role in subcellular localization 
(Mukhopadhyay and Riezman 2007). 
Andersen et al. (2004) conducted studies to 
identify appropriate genes to normalize the 
quantitative data in real-time PCR in bladder and 
colon cancer and ubiquitin appeared as a potential 
housekeeping gene. Van Tol et al. (2007) showed 
that ubiquitin was one of the most stable genes in 
fresh or in vitro cultured bovine cumulus cells, as 
well as in different phases of meiosis in oocytes. 
Ubiquitin was one of the housekeeping genes that 
showed greater stability in goat preantral follicles 
before and after culture in vitro (Frota et al. 2010). 
Ubiquitin was also a stable reference gene in 
human liver, leukocytes and bone marrow, but in 
studies with liver of aging rats, ubiquitin was 
shown to be the most unstable gene (Chen et al. 
2006). 
 
 
RNA RIBOSOMAL 18 S - RNAr 18 S 
 
In eukaryotes, the genes most conserved and most 
widely used are those that encode ribosomal RNA 
(rRNA) (Eickbush and Eickbush 2007). These 
genes encode small subunit ribosomal (18S rRNA) 
and two largest subunits ribosomal (28S and 5.8S 
RNA) in a transcription unit, constituting about 
85-90% of total cellular RNA, and are very useful 
as internal controls (Paule and White 2000). This 

housekeeping gene has been shown to be optimal 
in the studies with rat liver cells (Bustin 2000) and 
normal lymphoblastic cells (Banda et al. 2007). 
The rRNA was constant during the embryonic 
development to eight cells, followed by an 
increase in expression during the blastocyst stage 
(Robert et al. 2002). In addition, 18S RNA showed 
a greater instability than other reference genes in 
goat preantral follicles before and after the culture 
(Frota et al. 2010), as well as in the healthy and 
diseased human ovarian tissue (Fu et al. 2010). 
According to Bustin (2000), there are two other 
drawbacks to the use of rRNA for normalization: 
(1) when quantifying targets that have been 
enriched for mRNA, rRNA is lost during mRNA 
purification, and (2) rRNA is expressed at much 
greater levels than the target mRNAs. 

 
 

PHOSPHOGLYCERATE KINASE – PGK 
 
The PGK is a glycolytic enzyme that catalyzes the 
conversion of 1,3 diphosphoglycerate to 3-
phosphoglycerate and plays a key role in the 
generation of ATP during the glycolysis. 
Therefore, PGK is classified in the group of genes 
of glycolysis together with the GAPDH (Cohen-
Solal et al. 1994; He et al. 2008). Van Tol et al. 
(2007) showed that, in the cumulus cells around 
maturing bovine oocytes, PGK was the most stable 
reference gene among the genes analyzed. Steinau 
et al. (2006) showed that PGK could be used as 
housekeeping gene in human cervical cells. High 
stability of the PGK was detected in the cells of 
the liver, spleen and hypothalamus of rats 
(Pohjanvirta et al. 2006). In addition, PGK was 
designated as the most suitable gene in human 
keratinocytes exposed to UVB (Balogh et al. 
2008). However, in the studies with bronchial 
epithelial cells in humans, the PGK was not 
considered ideal for normalization in real-time 
PCR (He et al. 2008). 
 
 
RIBOSOMAL PROTEIN – RPL 
 
Several authors have suggested the ribosomal 
protein gene as internal control for normalization 
of data by real time PCR. Van Tol et al. (2007) 
used RPL-15 to normalize the gene mRNA levels 
in the samples from cumulus cells in cattle. Shen 
et al. (2010) demonstrated that the gene RPLP0 
could be considered reliable to normalize the gene 
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expression, while Steinau et al. (2006) recommend 
the use of ribosomal protein L4 (RPL4) in the cells 
of the cervix. The gene RPL-7 was considered 
very stable in the studies with Japanese killyfish 
(Oryzias latipes), because its expression remained 
unchanged in various tissues and developmental 
stages and still under exposure to endocrine 
disrupting chemicals (Zhang and Hu 2007). In 
fresh and in vitro cultured goat preantral follicles, 
ribosomal protein 19 (RPL 19) was compared with 
six other reference genes and showed lower 
stability when compared with the ubiquitin and β-
actin (Frota et al. 2010). Different tissues of 
healthy sheep had low stability of RPL, making it 
impractical to use under those conditions (Garcia-
Crespo et al. 2006). 

Several authors have suggested other reference 
genes as internal controls for the normalization in 
real-time PCR (Tang et al. 2007; He et al. 2008; 
Anstaett et al. 2010; Shen et al. 2010; Sugden et 
al. 2010), for example, β-2-microglobulin (B2M), 
succinate dehydrogenase complex subunit A 
flavoprotein (Sdha), binding protein TATA box 
(TBP), hypoxanthine guanine phosphoribosyl 
transferase I (HPRT), factor elongation 1 alpha 1 
eukaryotic translation (EEF1A1) calnexina 
(Canx), cyclophilin A, ribosomal protein (28S), 
and transferrin receptor (TFRC). The functions of 
these genes of reference are shown in Table 1. 
 

 
Table 1 - Reference genes used as internal controls in normalization. 

Symbology Housekeepings Genes for internal control Physiological functions 

(B2m) β-2-microglobulin (B2M) β chain molecule major histocompatibility 
complex I 

(Sdha) Succinate dehydrogenase complex, subunit A, 
flavoprotein (Sdha) 

Antioxidant enzyme 
Phosphorylation pathway 

(TBP) Binding protein TATA box (TBP) Transcription factor 

(HPRT) Hypoxanthine guanine phosphoribosyl 
transferase I (HPRT) 

Enzyme in the pathway of purine 

(EEF1A1) Elongation factor 1 alpha 1 eukaryotic 
translation 

Translation elongation factor 

(Canx) Calnexin (Canx) Protein of calcium ions, located in the 
endoplasmic reticulum 

PPIA Cyclophilin A Cyclosporin binding protein /Inhibitor of serine-
threonine phosphatase 

28S Ribosomal protein Ribosomal Subunit 
TFRC Transferrin receptor Cellular uptake of iron 

 
 
PROGRAMS USED FOR 
NORMALIZATION 
 
There are some programs to define the most stable 
gene, where the stability of the expression is 
referred to as the smallest variation in the levels of 
constitutive expression of the analyzed samples 
(Galiveti et al. 2010). Vandesompele et al. (2002) 
has developed a gene-stability measure termed 
geNorm, which is based on the assumption that 
minimally regulated, stable transcribed genes stay 
in a constant ratio to each other. The transcription 
ratio of two proper reference genes should be 
identical in all the samples, regardless of the 
experimental condition, cell type or life stages. An 
increased ratio variation corresponds to a 

decreased transcription stability of one (or both) of 
the tested genes. The geNorm software program, a 
visual basic application for Microsoft Excel 
(http://medgen.ugent.be/ ~jvdesomp/genorm/) that 
calculates the pairwise variation of a control gene 
with all other control genes as the standard 
deviation of the logarithmically transformed 
expression ratios. The gene-stability measure M is 
defined as the average pairwise variation of a 
particular gene with all other control genes. Genes 
with the lowest M value have the most stable 
transcription. Such genes can subsequently be used 
to determine a normalization factor for a certain 
RNA sample. This normalization factor is 
basically the geometric mean of the transcription 
levels of the best reference genes and can be used 
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to normalize the raw RT-PCR data of a given gene 
of interest. In this way, the normalization of the 
RT-PCR data is based on two or three reference 
genes, which will substantially reduce any 
potential error.  
In 2004, another Excel-based tool, BestKeeper, 
was released (Pfaffl et al. 2004). This program 
assesses the genes by pair-wise correlations based 
on raw crossing points (CP) or cycle threshold (Ct) 
values, which are then combined into an index 
(Pfaffl et al. 2004). The BestKeeper uses a 
combination of descriptive statistics and regression 
analysis of the Ct values to identify the reference 
genes with stable expression. The Ct values 
measured in all the samples are grouped for each 
gene. The genes with Ct values with standard 
deviations > 1 are considered unstable. Two types 
of linear regression analysis are also performed 
and a regression analysis is performed between all 
the possible combinations of the genes, the 
average total level of all the genes with standard 
deviation < 1 in each sample are summed to create 
the index BestKeeper. The linear regression is then 
performed between the index and Bestkeeper of 
each gene. The most suitable reference genes are 
those with the highest correlation coefficient (r) 
compared with the index Bestkeeper and standard 
deviation < 1 (Urschel and O’brien 2008). 
The NormFinder is another program released in 
2004 and uses a model-based approach to rank the 
candidates based reference gene expression 
variations in inter-and intra-group (Andersen et al. 
2004). This approach assigns a value to the 
stability of each candidate gene, but focuses on the 
variation that can occur between the sample 
groups rather than the expression on the data set 
(Robinson et al. 2007). The NormFinder is an 
algorithm to find the ideal reference genes of a 
group of candidate genes. In contrast to the 
geNorm, the NormFinder takes into account 
information from the groups of samples, such as 
no treatment / treatment – 1 / –2 or ill treatment / 
healthy and the result is a pair of reference genes 
more stable. The resulting pair can be 
compensated in the expression, so that one gene, 
for example, has to be increased in a group, but the 
other gene has low expression in the same group 
(Andersen et al. 2004). The model-based approach 
Norm Finder is advantageous if the subpopulations 
present differential gene expression (Steinau et al. 
2006).  
 

For the selection of housekeeping genes in ovarian 
follicles before and after culture the geNorm 
software program has been used by Frota et al. 
(2010) and Costa et al. (2012). An advantage to 
the GeNorm algorithm is that it is minimally 
affected by the expression intensity of the 
candidate genes. In addition, since the approach is 
based on multiple pair-wise comparisons, the need 
for large sample size is attenuated. 

 
 

FINAL CONSIDERATIONS 
 
The real-time PCR (RT-PCR) is a modern and 
efficient tool in measuring the levels of mRNA 
expression in different types of the samples; their 
use together with the housekeeping genes are ideal 
for decreasing the possible errors in RNA 
extraction and contamination during the 
manipulations of the samples, thus increasing the 
quality of cDNA. The selection of an ideal 
housekeeping gene for each experimental 
condition is crucial. The use of electronic 
normalization programs geNorm, NormFinder and 
Bestkeeper can contribute to the stability analysis 
of these genes in different types of samples. 
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