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Abstract 

Quantitative Real-time Polymerase Chain Reaction (qPCR) is an important tool for molecular biology and 
biotechnology research, widely used to determine the expression levels of mRNA. Two main methods to 
performing qPCR are largely used: The absolute quantification, in which the mRNA levels are determined by 
using a standard curve and the relative method, which is based on the use of reference genes. Reference genes 
are widely expressed in cells of animal and plant tissues and their expression pattern are theoretically unchanged 
within several situations, which makes them an excellent choice to normalize mRNA quantification data in 
relative qPCR studies. However, several reports are increasingly showing that the use of only one reference gene 
in relative qPCR studies should be avoided, because in the real world their expression levels can significantly 
change from tissue to tissue. Several softwares, such as geNorm, BestKeeper and NormFinder, have been 
developed to perform data normalisation, and these programs may assist in choosing the most stable reference 
genes. The aim of this review was to describe the current normalisation strategies used in qPCR assay, as well as 
to establish essential rules to perform reliable mRNA quantification. Finally, this review show some innovations 
in the advances on qPCR. 
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1. Introduction 

The polymerase chain reaction (PCR) technique was first introduced by Kary Mullis (Saiki et al., 1985). PCR is 
historically used as a sensitive method for the detection and amplification of specific sequences of nucleic acids 
in a sample. Advances in the specificity and sensibility of PCR reactions gave birth to a more sensitive PCR 
technique, namely quantitative PCR (qPCR-quantitative real-time polymerase reaction), which utilizes mainly 
cDNA as template, a complementary DNA from RNA molecules through of the reverse transcriptase reaction. In 
these reactions, fluorescent reporters used include double-stranded DNA (dsDNA) binding dyes or probes that 
are incorporated into the product during amplification. The increase in fluorescent signal is directly proportional 
to the number of PCR product molecules generated in the reaction. 

qPCR is amongst the best available methods to determining changes in gene expression, due their ability to 
rapidly and accurately quantify target genes, even in the presence of very low expression levels (Holland, 2002). 
Prior to the analysis of gene expression, the selection of an appropriate normalisation strategy is essential to 
control for non-specific variations between samples of cDNA. The most commonly used method to normalising 
qPCR data is relied on the use of one or more endogenous reference genes (Hamalainen et al., 2001; Rebouças et 
al., 2013). 

Reference genes have uniform and stable expression in a wide variety of tissues and cell types, at different 
developmental stages, and comprise all genes that express protein products involved in basic cellular processes 
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(Reid et al., 2006), showing none or only minimal changes in the expression levels between individual samples 
and experimental conditions (Rebouças et al., 2013). These genes are largely used as internal controls for 
normalisation in gene expression studies in different tissues and/or condition as in plants and animals (Wong et 
al., 2005; Kumar et al., 2013; Sara et al., 2013; Rocha et al., 2013; Nakayama et al., 2004). Several reference 
genes, including those coding for biological products such as tubulins, actin, glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH), phosphatases, albumin, cyclophilin, micro-globulin, ribosomal units (18S rRNA) or 
ubiquitin (UBQ) have been described in the literature (Foss et al., 2003; Rocha et al., 2013). The correct choice 
of reference genes is crucial to properly analyze the results of qPCR (Suzuki et al., 2000) and to measure and 
reduce the errors from variations among the samples (Barsalobres-Cavallari et al., 2009).  

Several research groups have developed software tools to identify the most stable expressed genes across a set of 
samples in order to perform data normalisation. These tools include geNorm, NormFinder and BestKeeper 
(Vandesompele et al., 2002; Pfaffl et al., 2004; Andersen & Orntoft, 2004), which is freely available on the web and 
allows researchers to find the best reference gene for their experiments. A great number of studies describing the 
identification of multiple reference genes for normalisation of qPCR data using these algorithms have been 
performed on the animal and human health fields (Hong et al., 2008; De Boever et al., 2008), but similar reports are 
scarce in plant research (Jain et al., 2006; Ransbotyn et al., 2006; Exposito-Rodriguez et al., 2008). 

The aim of this review was to evaluate the importance of the application of reference genes in normalisation 
strategies of qPCR assays, in different tissues or experimental conditions, as well as to describe essential rules 
necessary to conduct successful qPCR experiments. Besides, we pointed out several precautions required for a 
good qPCR. Finally, this review shows some innovations in the advances on qPCR in the last years. 

2. DNA Binding Dyes Versus Hydrolysis Probes in qPCR 

PCR is one of the most versatile technologies in molecular biology. The PCR reaction consists of 3 different 
stages which involve, (a) the DNA denaturation; (b) the primer annealing and (c) the extension phase (Mullis et 
al., 1987). In traditional (endpoint) PCR, the detection and quantification of amplified target sequences are 
performed at the end of the reaction, and it involves additional work, such as gel electrophoresis and image 
analysis. Nevertheless, in qPCR, the amount of PCR product is measured along each reaction cycle. The ability 
to monitor the reaction during its exponential phase enables users to determine the initial amount of target gene 
with great precision (Wong et al., 2005). 

In qPCR, the amount of DNA is measured by the use of fluorescent markers that are incorporated into the PCR 
product. The increase in fluorescent signal is directly proportional to the number of PCR product molecules 
(amplicons) generated in the exponential phase of the reaction. Fluorescent reporters used include 
double-stranded DNA (dsDNA) binding dyes or probes that are incorporated into the product during 
amplification (Bustin et al., 2002). SYBR Green is an example of a fluorescent dye which binds to the 
double-stranded DNA and emits light upon excitation. Once the reaction proceeds and the PCR product is 
accumulated, the fluorescence levels increase proportionally to the amount of DNA present in the original 
sample (Livak et al., 1995; Pabla et al., 2008; Bustin et al., 2002). This dye is used to monitor the amplification 
of any DNA sequences and dispenses the use of a probe, thus reducing the cost of amplification and providing a 
great advantage in its application. On the other hand, since the dye binds not only to the target DNA, but to all 
dsDNA formed during qPCR, the use of SYBR Green, while simple lacks specificity (Figure 1a). The specificity 
of the reactions, however, can be easily accessed by the use of melting curve analysis (Dheda et al., 2004).  

In addition to DNA binding dyes, there are probes, such as TaqMan®, which are designed to binds to specific 
DNA sequences. TaqMan® probes primarily consist in a oligonucleotide sequence complementary to some 
regions of the target DNA. The probe is complexed with a quencher and a reporter fluorophore dye at its 3' and 
5' ends, respectively (Livak et al., 1995). During the amplification step the probe is associated to its 
complementary target DNA and then is cleaved by Taq DNA polymerase 5’-3' exonuclease activity (Figure 1b). 
This cleavage releases the reporter dye and generates a fluorescent signal that increases with each cycle (Bustin 
et al., 2002). TaqMan® provides higher specificity than DNA intercalating dyes, such as SYBR Green. In 
addition, these probes can also be labeled with distinct and distinguishable reporter dyes, which allows the 
amplification of two different sequences in the same reaction tube, eliminating the post-PCR processing, and 
reducing hand labor. The main drawback of this system is the requirement to synthesize specific probes to each 
target sequences, increasing the cost of the assay (La Cruz et al., 2013). 

Another type of probe which is largely used in qPCR assay is molecular beacon. When free in solution molecular 
beacon probes assume a hairpin structure consisting of a quencher and a reporter dye (Tyagi et al., 1996). The 
reporter fluorescent dye and the quencher remain extremely close and therefore no fluorescence is detected when 
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this structure is formed (Figure 1c). However, during the annealing step, Molecular Beacon hybridizes to the 
target sequence generating conformational changes leading to the separation of reporter and quencher dyes, 
which results in the emission of fluorescence (Tyagi et al., 1996; VanGuilder et al., 2008). The greater 
specificity for mismatch discrimination is due to structural constraints. However, the main disadvantage 
associated with Molecular Beacons is the accurate design of the hybridization probe. Optimal design of the 
Molecular Beacon stem annealing strength is crucial (Wong et al., 2005). 

Scorpions consist of a single-stranded oligonucleotide probe of approximately 20 to 25 nt carrying a reporter 
fluorophore at its 5' end and a quencher at its 3' end. Their tridimensional conformation resembles a stem and 
loop structure, in which a PCR primer is attached (figure 1d). The stem-and-loop structure acts as a blocker to 
prevent DNA polymerase activity during the interaction of the probe with the target DNA (Bustin et al., 2002; 
Ng et al., 2005). The close proximity of the reporter to the quencher leads to a continuous suppression of the 
fluorescence emitted by the reporter. At the beginning of the PCR, TaqDNA polymerase extends the PCR primer 
and synthesizes the complementary strand of the target sequence (Whitcombe et al., 1999). During the next 
cycle, the stem-and-loop structure unfolds and the loop region of the probe hybridizes intra-molecularly to the 
newly synthesized target sequence. The reporter is excited by light from the qPCR instrument (Bustin et al., 
2002). Once the reporter dye is no longer in close proximity to the quencher dye, fluorescence emission may 
take place. The significant increase of the fluorescent signal is detected by the qPCR instrument and it is directly 
proportional to the amount of target DNA (Holland, 2002; Wong et al., 2005; Kumar et al., 2013). Scorpions 
have the advantage to providing a stronger signal and lower level of background when in compared to other 
probes, such as molecular beacons (Bustin et al., 2002).  

 

 
Figure 1. Probes and Dyes used in Real time PCR assay; a) SYBR Green; b) TaqMan; c) Molecular Beacon; d) 

Scorpions 

 

3. The Use of Reference Genes to Normalize qPCR Data 

Reference genes in qPCR are critical for normalisation of expression levels, thus, avoiding misinterpretation of 
results obtained by real time PCR data. In recent years, it has become clear that no single gene is constitutively 
expressed in all cell types and under all experimental conditions. This implies that the expression stability of a 
putative control gene (reference gene) must be verified before each qPCR assay and that the use of only one 
reference gene is generally not enough to normalize the expression data (Livak et al., 2001; Lee et al., 2010). 
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The choice of several reference genes to normalize and validate the final results may significantly influence the 
accuracy of gene expression. Consequently, the use of inappropriate reference genes for normalisation of 
expression data may lead to erroneous results and data misinterpretation (Suzuki & Higgins, 2000), because 
normalisation is a pivotal step that provides the Cq values-based differences between the reference and target 
genes, avoiding misinterpretation of the results and providing reliable Cqs, thus rendering a more accurate and 
reliable gene expression (Vandesompele et al., 2002). The Ct or threshold cycle value is the cycle number at 
which the fluorescence generated within a reaction crosses the fluorescence threshold, a fluorescent signal 
significantly above the background fluorescence. Therefore, the selection of appropriate reference genes is a 
critical step before evaluating gene expression in new species and/or tissues (Condori et al., 2001; Cordoba et al., 
2001). The best candidate genes are those selected by programs used to establish reference genes, such as 
geNorm, BestKeeper and NormFinder. Therefore, the normalisation using appropriated reference genes are 
pivotal to acquire suitable data and avoid and misinterpretation of the experiments. 

4. Algorithms Used to Normalize qPCR Data 

In the last decade, relevant tools to select genes for normalisation have become available. Several research 
groups have developed softwares to identify the most stably expressed genes across a set of samples. Among 
these tools we will focus on the most cited articles as geNorm, NormFinder and Bestkeeper (Vandesompele et 
al., 2002; Andersen & Orntoft, 2004; Pfaffl et al., 2004), which are freely available on the web and allow 
researchers to find the best reference gene for their experiments. These programs allow the calculation of a 
normalisation factor over multiple reference genes, which improve the robustness of the normalisation even 
further (Dekkers et al., 2012). Different manners to access the stability of putative reference genes are available 
using the upon mentioned software. Hence, BestKeeper employs quantification cycle (Cq) values directly for 
stability calculations, whereas geNorm and NormFinder have these values transformed to relative quantities 
using normalisation factor (NF) (Mallona et al., 2004). 

3.1 Genorm Analysis 

The geNorm program has been recently reported to be one of the best statistical methods to identify stably 
expressed genes for qPCR analysis. The geNorm calculates a gene-stability measure M as the Average pairwise 
variation V of a particular gene reported to all other control genes. Genes with the lowest M values have the most 
stable expression. Stepwise exclusion of the gene with the highest M value allows ranking of the tested genes 
according to the stability (Condori et al., 2001; Cordoba et al., 2001; Vandesompele et al., 2002; Zhong et al., 
2009). The analysis relies on the principle that the expression ratio of two proper control genes should be identical 
in all samples, regardless of the experimental conditions or cell type, and the M values below cutoff (< 1.5) are 
regarded the most stable genes among all candidate reference genes (Vandesompele et al., 2002).  

The geNorm program estimates also the number of genes required to be used as appropriate controls for 
normalisation by evaluation of variation in pairs (V values), checking the variation of the expression of two by 
two possible genetic combinations . The optimal number of reference genes that should be used for accurate 
normalisation also depends on the specific experimental condition, which is determined by calculating V-values 
as a pairwise variation (Vn/Vn+1) between two consecutively ranked normalisation factors (NF) after the 
stepwise addition of the subsequent more stable reference gene (NFn and NFn+1) (Vandesompele et al., 2002). 
Actually, the geNorm is part of qBASEPlus (Biogazelle) program as tool important to provide the reference 
genes more stables (M value) and the number of genes suitable to normalisation (V value). Furthermore, the 
qBASEPlus (Biogazelle) also provides the relative expression on qPCR experiments based on the normalisation 
factor (NF). The use of the qBASEPlus (Biogazelle) is needed at least 8 reference genes and at least 2 samples 
(control and conditions) for to analyze the qPCR data. 

3.2 Normfinder Analysis 

The NormFinder is an algorithm used to identify the optimal normalisation gene among a set of candidates. It 
ranks the set of candidate normalisation genes according to their expression stability in a determined sample set 
and given experimental design. This algorithm is rooted in a mathematical model of gene expression and uses a 
solid statistical framework to estimate not only the overall expression variation of the candidate normalisation 
genes, but also the variation between sample subgroups of the sample set e.g. normal and cancer samples 
(Andersen & Orntoft, 2004). Notably, “NormFinder” provides a stability value for each gene, which is a direct 
measure for the estimated expression variation, enabling the user to evaluate the systematic error introduced 
when using the gene for normalisation (Dekkers et al., 2012; Selim et al., 2012). 
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3.3 Bestkeeper Analysis 

The BestKeeper calculates standard deviation (SD) and the coefficient of variation (CV) based on Cq values of 
all reference candidate genes. Genes with SD less than 1 are considered stable. Subsequently, the program 
calculates a pairwise correlation coefficient between each gene and the BestKeeper index–geometric mean 
between Ct values of stable genes grouped together. Genes with the highest coefficient of correlation with the 
BestKeeper Index indicates the highest stability (Pfaffl et al., 2004). The BestKeeper use raw Ct data and 
determines the most stably expressed genes based on a correlation coefficient (r) of the BestKeeper Index (BI) 
and standard deviation, whereas BI is the geometric mean of Ct values of best reference genes. Hence, this 
program relies on the “r” and “SD” values, and the higher the "r" value, the most stable is the gene; otherwise, 
the lower the standard deviation value, the most stable is the gene (Pfaffl et al., 2004; Demidenko et al., 2011; 
Niu et al., 2011; Petit et al., 2012). 

These statistical algorithms have been developed for the evaluation of best suited reference gene(s) for 
normalisation of qPCR data in a set of biological samples. Recognizing the importance of reference genes in 
normalisation of qPCR data, various reference genes have been evaluated for their stable expression under 
specific conditions in various organisms. Many studies have been conducted in the animal and human health (De 
Boever et al., 2008; Hong et al., 2008) fields that describe the identification of multiple reference genes for 
normalisation of qPCR data, but similar reports are scarce in plant research (Ransbotyn et al., 2006; 
Exposito-Rodriguez et al., 2008). 

The three algorithms are important for reference gene stability and normalisation data during qPCR experiments; 
however, geNorm is the best tool since in addition to providing the best reference genes in geNorm M, this 
software supplies the V value, which delivers the number of genes needed for use in normalisation data in a 
qPCR experiment. The algorithms NormFinder and BestKeeper will only identify the most stable genes. 
Generally, all three algorithms are used to render more reliable results for normalisation. 

5. Essential Rules Required to Perform a Reliable qPCR 

The efficiency and specificity of quantitative PCR depends on several parameters related to quantification of 
mRNA, which must be controlled to avoid errors of interpretation: purification of RNA, efficiency of primer 
specifics, normalisation of reference genes, tissue inhibitory factors, enzyme loading error (Rocha, Miranda, & 
Cunha, 2014), pipetting errors, among others (Thellin et al., 1999; Livak et al., 2001; Suzuki et al., 2000; 
Vandesompele et al., 2002) as described below. 

5.1 Primers and Probes Design Considerations 

The primers and probes design are essentials for amplification efficiency, specificity and fluorescence, respectively. 
The primers are specially needed in junction exon-exon to avoid an amplification of DNA genomic, ensuring the 
amplification of only a target gene specific cDNA sequence. In addition, it may be necessary to digest input DNA 
with an RNase free DNA in the following circumstances: (1) to avoid DNA amplification during qPCR; (2) to use 
primers that either flank an intron that is not present in the mRNA sequence or that span an exon-exon junction; (3) 
when the gene of interest has no introns; (4) if the intron positions are unknown; (5) when there are no suitable 
primers that span or flank introns (Udvardi et al., 2004). There are several programs used to design automatic 
primers, such as Perl Primer (Marshall, 2004) that will require previous annotation of genes, establishing the introns 
and exons of each sequence to input the program. Other programs are available in the web as primer BLAST, a tool 
available at http://www.ncbi.nlm.nih.gov/tools/primer-blast/index.cgi?LINK_ LOC=BlastHome in the GenBank of 
NCBI, as well as Primer3 Plus available at http://www.bioinformatics.nl/ cgi-bin/primer3plus/primer3plus.cgi/. 
Moreover, an absence of primer-dimer and non-specific amplification is especially important to suitable data of 
qPCR. Therefore, the presence of homo-dimers, hetero-dimers, as well as self-dimers must be avoided, and the 
formation of harpin of a forward or reverse primer (Condori et al., 2001; Rocha et al., 2013).  

The probes, such as TaqMan®, Molecular beacon and scorpions are primers marked with fluorophores to emit 
fluorescence. These probes are designed in different forms, but are used with the common purpose of emitting 
fluorescence to assess the increase on gene expression due to the number of probes that bind a double-stranded 
DNA (Bustin et al., 2002; Pabla et al., 2008; VanGuilder et al., 2008; Hwang et al., 2013). There are programs, 
such as primer BLAST, available in the GenBank of NCBI, as well as Primer3 Plus both available in the web. 
These are the same programs used to design primers and probes (Condori et al., 2001). 

5.2 RNA Quality 

The quality of RNA also is very important to provide accurate qPCR data. The quality of RNA depends on 
extraction and purification of RNA, for example, during the extraction of RNA contaminants such as proteins, 
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carbohydrate, as well as phenolic compounds that will affect the PCR reaction by inhibiting the action of 
polymerases as reverse transcriptase and DNA polymerases, during qPCR must be avoided. Therefore, RNA of 
good quality is needed for further experiments. According to Sambrook et al. (1989), the best relations 
absorbance by spectrophotometer are as follows: RNA relation to A260/280: 1.8-2.0, which is the acceptable limit 
of contamination with proteins, and A260/230: > 2,0 for contamination with carbohydrates. These data have also 
been reported by Sambrook et al. (1989) and Romano (1998). Furthermore, to avoid contamination with 
genomic DNA, Digest purified RNA with DNase I is needed to remove contaminating genomic DNA, which can 
act as template during PCR and may lead to spurious results. It may also be necessary to perform PCR on the 
treated RNA, using gene-specific primers, to confirm absence of genomic DNA (Udvardi et al., 2008). 

To complete a reliability of the extracted and purified RNA, the integrity of the RNA requires evaluation. The 
measure of RNA reliability is based on the integrity of 28S and 18S ribosomal RNA and the lack thereof shows a 
smear in the agarose gel, indicating that the total RNA is degraded. Thus, an electrophoresis in agarose gel at 
0.8% to 1.0% is recommended to observe the integrity of the ribosomal RNA bands (Sambrook et al., 1989). 

5.3 Optimization and Efficiency Curve of Primers 

Other parameters such as the optimization of primer concentrations and efficiency primer curves that might be done 
in serial dilutions or standard curves are important to perform qPCR assays. A dilution series of known template 
concentrations can be used to establish a standard curve for determining the initial starting amount of the target 
template or for assessing the reaction efficiency. The log of each known concentration in the dilution series is 
plotted against the Cq value for that concentration. Information on the performance of the reaction as well as 
various reaction parameters (including slope, y-intercept, and correlation coefficient) can be derived from this 
standard curve. The slope is obtained by the linear equation of the graph constructed by plotting the Cq values on 
the y-axis and the log values of the dilutions on the x-axis. The concentrations chosen for the standard curve should 
encompass the expected concentration range of the target (Pfaffl et al., 2004). At the end of the qPCR assay, primer 
efficiency must be calculated, and the formula most frequently described in the literature for this purpose is as 
follows: Efficiency = 10(–1/slope)-1, in which the slope corresponds to the Cq value of the first dilution (concentration 
dilution) minus the Cq value of the last dilution divided by the number of dilutions. Hence, if the PCR is 100% 
efficient, the amount of PCR product will double with each cycle and the slope of the standard curve will be –3.33 
(100 = 100% = 10(–1/–3.33)-1). The ideal slope is approximately -3.33 cycles; however, a slope between –3.9 and –3.0 
(80-110% efficiency) is generally acceptable (Livak et al., 2001; Pfaffl et al., 2004). Calculated levels of target 
input may not be accurate if the reaction is not efficient. In order to improve efficiency, one must consider either (1) 
optimize primer concentrations or (2) design alternative primers.  

Since SYBR Green binding dye is a non-specific dye that will detect any double-stranded DNA, it is important 
to verify if the qPCR is producing only the desired product. This can often be detected when PCR efficiencies 
are larger than 120% (Bustin et al., 2002; Bustin et al., 2009). Melting or dissociation curve is expressed during 
the last step of qPCR, following 40 cycles that only show one peak, revealing that a single multigene family 
isoform was amplified. These analyses can also be used to determine the approximate product size (Udvardi et 
al., 2004). If the melting curve has more than one major peak, the identities of the products should be determined 
by fractionating them on an ethidium DNA agarose gel electrophoresis to check for the presence of non-specific 
annealing. It must also be mentioned that lowering the primer concentrations will often reduce the amount of 
non-specific products. If the use of low primer levels still allow the detection of non-specific products in 
significant amounts, primer redesign may be a necessary measure. Once all cycles have been completed, the 
melting curve is added to evaluate the specificity of the primers. Melting curves with peaks lower than 78°C 
could indicate the presence of primer dimmers in the reaction or alternatively smaller non-specific amplicon 
products (Condori et al., 2001). 

5.4 Normalisation and Analysis of qPCR Results 

In gene-expression profile quantification, an assessment of the reliability of qPCR assay is required to normalize the 
target gene expression data. One of the most frequently used methods is the utilization of reference genes. Previous 
to the qPCR assay, it is necessary to design primers that amplify constitutive genes. The groups of reference genes 
are checked for stability to identify the most stable reference genes among all the selected genes that will be used to 
normalize the qPCR data, using programs such as geNorm, BestKeeper and NormFinder. Once the best reference 
genes are identified, data normalisation is required to ensure gene expression reliability (Zhong et al., 2011). 
Likewise, to confirm reliability of the results, biological and technical replicates must be obtained to provide data 
statistics, and evaluate the significance levels of gene expression analysis (Udvardi et al., 2004).  
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Relative quantification describes a real-time PCR experiment in which the gene of interest in one sample (i.e., 
treated) is compared to the same gene in another sample (i.e., untreated). The results are expressed as fold up- or 
down-regulation of the treated in relation to the untreated gene. Reference genes such as β-actin, GAPDH, 
elongation factor, among others are used as a control for experimental variability in this type of quantification 
(Tong et al., 2009). The most frequently used method for relative mRNA quantification by real time PCR has been 
described by Livak et al. (2001). This is a convenient method which presents the advantage of eliminating the need 
for standard curves. Thus, mathematical equations are used to calculate the relative expression levels of target 
relative to reference control or calibration, such as an untreated sample or RNA from normal tissue or a sample at 
time zero at qPCR experiments in time-course study. The amount of target gene in the sample normalized to a 
reference gene, relative to the normalized calibrator, is then given: 2-∆∆Cq, where ∆∆Cq= ∆Cq (sample)- ∆Cq 
(calibrator), and ∆Cq is the Cq of the target gene subtracted from the reference gene Cq, as describe by (Livak et al., 
2001; Schmittgen et al., 2000; Schmittgen et al., 2008). In order to obtain reliable results, the target and reference 
gene must be approximately equal, and preferably at a percentage greater than 90%. This level of sequence equality 
is necessary to plot an efficiency curve based on the dilution serial method to given suitable results in experimental 
data, as described above. Finally, statistics methods, including student t-test, ANOVA, among others, must be 
applied to the concluding analysis. However, this method of Livak et al (2001) is limited due the use of only one 
reference gene. Actually, has been used more than one reference genes to normalisation data qPCR using algorithm 
that is based in the normalisation factor (NF) method, as geNorm, BestKeeper and NormFinder (Vandesompele et 
al., 2002; Andersen & Orntoft, 2004; Pfaffl et al., 2004) as described above.  

6. Several Advances on the Real Time PCR 

Several researchers are developing techniques to improve the quality of detection of DNA fluorescence. 
Recently, the manufacturer ELITE MGB™ has done a revolutionary advance in qPCR chemistry. The principle 
is based in the proprietary of the protein called Minor Groove Binder (MGB), Superbases™ and Eclipse®Dark 
Quencher technologies. These overlapping probes are much efficiently and accurately detect target DNA 
sequences, while offering greater sensitivity and specificity. According to manufacturer, the MGB protein is a 
synthetic molecule that binds to the minor groove of double stranded DNA molecules. In qPCR applications, 
MGB increases the stability of double stranded DNA complexes, specifically, the hybridization between the 
probe and the amplified DNA target. The increased DNA-DNA hybrid stability allows the design of shorter 
detection probes with higher specificity. Furthermore, The Eclipse®Dark Quencher is a proprietary fluorophore 
and dye quencher chemistry resulting in low background signals. Its key benefit is to ensure that every ELITe 
MGB™ assay will have the highest sensitivity by minimizing background signal interference. Together, show 
Real-Time PCR results of high accuracy. 

Other works have shown important improving in the qPCR. Zheng et al. (2011) designed an aptamer-based sensing 
platform using a triple-helix molecular switch (THMS). The THMS consists of a central, target-specific aptamer 
sequence flanked by two arm segments and a dual-labeled oligonucleotide serving as a signal-transduction probe 
(STP). The STP is doubly labeled with pyrene at both ends and designed as a hairpin-shaped structure. Initially, the 
loop sequence of the STP binds with two arm segments of the aptamer, which forces the STP to form an ‘‘open’’ 
configuration and separate the two end labeled pyrene molecules, thus only emitting monomer fluorescence signal. 
The formation of the aptamer/target complex releases the STP, which switches to a ‘‘closed’’ hairpin configuration, 
bringing two pyrene molecules in close proximity and emitting excimer fluorescence signal. Hu et al. (2014) 
developed a modified Molecular Beacons–based multiplex qPCR Assay. In their work, all sets of primers and 
probes were combined, and the concentration of each reagent including primers, probes, magnesium, and Taq 
polymerase concentrations in the reaction mix were optimized. These modifications helped the sensitivity and 
specificity of the qPCR multiplex that were 100% and 99%, respectively. 

Any need for fast and precise measurement of small amounts of nucleic acids represents a potential future niche 
for real-time PCR-based innovations. As machines become faster, cheaper, smaller, and easier to use through 
competition, standardized assay development, and advances in microfluidics (Mitchell et al., 2001), optics, and 
thermocycling, more in-field application needs are likely to be filled. In the commercial food industry and 
agriculture, real-time PCR will likely see expanded use for the detection and identification of microbes, 
parasites, or genetically modified organisms. Forensics will benefit from real-time PCR's sensitivity, specificity, 
and speed, especially because time is crucial to many criminal investigations and specimen size may be limited. 
Reduced cost and increased portability open the door for the diagnosis of diseases in remote areas along with 
on-site epidemiological studies and may facilitate the transfer of needed scientific technologies to developing 
countries, thereby contributing to their “scientific capacity”. 
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7. Final Considerations 

The polymerase chain reaction (PCR) is one of the most powerful technologies in molecular biology. qPCR is an 
efficient tool to measure the levels of mRNA expression in different types of samples; their use together with the 
reference genes are ideal for decreasing the possible errors in RNA extraction and contamination during sample 
manipulation, thus increasing the quality of cDNA. The qPCR has the sensible technical power to amplify target 
specific genes, but it is necessary to obtain reliable results in the gene expression profile. Several parameters must 
be considered, including good design of primers, evaluating their specificity and efficiency. In addition, the RNA 
extracted must be free of contaminants, such as carbohydrates, proteins and phenols, because these may interfere 
with the polymerases during PCR reaction. For the normalisation of qPCR data, the use of reference gene is needed 
to provide suitable results and reproducibility. Thus, the selection of a reference gene for each experimental 
condition is crucial. These precautions are pivotal to render reliable results during gene expression analysis. 
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