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Abstract:

Background:

There are numerous approaches dealing with relative and absolute quantitation. The methods differ in their efficiency assumption
and applicability.

Objective:

Current methodologies and rations used in qPCR quantification were compared in an experimental study of transgenic copy number
determination of a monoclonal antibody Daclizumab.

Methods:

With an inter and intra-methodical view, variations in relative and absolute quantification strategies were discretely extracted and
compared to one another.

Results:

In  relative  quantification,  six  methods  were  studied  and  the  ratios  were  computed  relative  to  Glucagon  as  internal  control.  For
Absolute quantification, the calculations were based on standard curve. Relative quantification considers the relative changes in
expression levels while Absolute quantification relates the PCR signal to input copy number with a calibration curve.

Conclusion:

The observed unevenness of the ratios in Relative approach pointed mainly to the efficiency changes and its calculation formula.
Whereas results in Absolute approach strategies showed homogeneity which indicates the consistency of the calculation method.
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1. INTRODUCTION

One of the demanding methods to quantify gene expression is Real-time Polymerase Chain Reaction [1 - 5]. The
technique quantifies the target genomic region and at the same time holds the detection potential.

Despite  the  applicability  of  old  quantitation  methods  (i.e.Southern  blotting)  to  measure  transgene  copies,  the
shortages  appear  while  dealing  with  a  large  number  of  samples  [6]  along  with  other  obstacles  like  being  time-
consuming, involving substantial amounts of DNA from samples and using harmful radioisotopes in some instances [7].
Profound, and operational quantitative methods based on the PCR technique, including Competitive PCR [8] and real-
time PCR methods were improved to solve these difficulties [6, 7, 9].

The logic behind qPCR is detecting the amount of the amplified genomic product in real time by means of various
chemicals  (e.g.specific  DNA  binding  dyes,  hydrolysis  probe,  molecular  beacon  etc.),  which  leads  to  creation  of  a
florescent sigmoid curve [10]. There are main steps in determining copy number via qPCR, including: choosing the
appropriate  genomic  region,  choosing  specific  primers,  practical  validation  of  the  primers,  making  accurate  serial
dilution of genomic DNA, and finally selecting an appropriate detecting chemicals [11]. Considering all the prosperous
applications of qPCR for gene copy number calculations, there are some aspects of the method, which raise concern
regarding  its  accuracy  [12].  Depending  on  the  purpose  of  the  study,  two different  methods,  Absolute  and  Relative
quantification, for evaluating data from quantitative PCR can be used. By linking the PCR signal to a standard curve,
Absolute quantification expresses the copy number of the transcript of target or control gene (i.e.defining expression
stages in absolute numbers of copies). Relative quantification designates the variation in expression of the target gene
relative to some reference group [10, 13 - 16]. It means showing fold changes in expression between two samples.

The  aim  of  the  present  study  was  to  determine  the  genetic  stability  of  recombinant  monoclonal  antibody
Daclizumab in the host CHO cell line at DNA level that includes copy number determination of the Daclizumab gene
by Real-time PCR technique via various relative and absolute quantification approaches.

2. MATERIALS AND METHODS

2.1. Genomic DNA Isolation

Genomic DNA of the recombinant Daclizumab producing CHO Cell pellets was extracted using genomic DNA
extraction kit (GeneJET Genomic DNA purification kit, Thermo scientific, Massachusetts, United States) according to
the manual. For testing the quality of the extracted DNA as well as the plasmids of Daclizumab and Glucagon, 5 µl of
each sample was run on a 1% agarose gel with a 1kb ladder. The total amount of extracted DNA was measured by
spectrophotometer at wavelength of 260 nm.

2.2. Cloning

Cloning kit containing pTG19-T PCR cloning vector and T4 DNA ligase, was purchased from Vivantis (Malaysia).
DH5-α E. coli strain was used as a bacterial strain for cloning. Partial Daclizumab and Glucagon gene sequences were
cloned into separate pTG19-T vectors according to manufacturer manual.

Plasmid copy number and stock solution preparation

Copy number of each plasmid (per microliter) was calculated based on equation 1 [17]

(Equation 1)

Stock  preparation  of  each  plasmid  (109  copy/µl)  is  obtained  based  on  Y  from the  aforementioned  formula  and
Equation 2.

(Equation 2)

109 (copy/µl) × 100 µl = Y (copy/µl) × X (µl)

Equation 2 indicates that for preparation of 100 µl of 109 copy/µl stock plasmid, X microliter of the stock is reached
to a volume of 100.

               

  (6.02× (1023) × (ng of plasmid per microliter)  
   Copy number/µl =                                  = Y   

           (vector (bp)+insert (bp)) ×660×109 

N1×V1=N2×V2
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2.3. Standard Solutions Preparation

A series of standard solutions containing 107, 106, 105,104,103, and 102 plasmid copies/µl were prepared by making a
serial dilution of the concentrated target or reference gene stock solutions (109 copy/µl), respectively.

2.4. Quantitative Real-Time PCR

Glucagon was used as the internal control gene [18, 19]. The two amplification primers were selected in appropriate
regions of Daclizumab, and Glucagon genes. The primer sets were designed so that the length of amplicons would be
the same Table (1).

Table 1. List of primers and their specifications used for qPCR analysis.

Gene Primer Forward 5´-3´ Primer Reverse 5´-3´
Glucagon GTGAGCAGGGTATCTGTGGTTTGG TACAGCACCTTCTGAGAGCATCCA

Daclizumab TACTAGCTACAGGATGCACTGGGTAAG GACTGCGGTGTCCTCAGATCTCAG

Maxima SYBR Green qPCR master mix was purchased from Thermo Scientific. For the reactions in each tube, 50
ng of the extracted genomic DNA (or nuclease-free water for testing no template control or NTC) in triplicate and 1 µl
of the prepared standard solutions were used Table (2A & B) as template for Real-time PCR.

Table 2. Reagents and solutions for the qPCR reaction in study sample (A) and standard (B).

A
>Master Mix (2X) >7.5 µl

Template 50 ng
Primer Mix (10x) 1.5 µl

Nuclease Free Water up to 15 µl
Total Volume 15 µl

B
Master Mix (2X) 7.5 µl
Standard Dilution 1 µl
Primer Mix (10x) 1.5 µl

Nuclease Free Water 5 µl
Total Volume 15 µl

Real-time PCR was performed on the Corbett Rotor-Gene 6000 (Rotor-Gene 6000 software version 1.7.87). Run
was performed as a 2-step protocol with an initial hold of 95 ºC for 10 min, followed by 50 cycles of a denaturation step
at 95 ºC for 30s, annealing at 58 ºC for 20s and an extension at 72 ºC for 20s. Raw data were processed by the Analysis-
Only Rotor-gene Q series software (Corbett) using the settings baseline subtraction and linear regression, to obtain the
Ct (Cycle Quantification) [20] values.

2.5. Quantification Methods: Relative and Absolute Strategies

Copy number of the Daclizumab gene was calculated via  the obtained Ct values for Daclizumab and Glucagon
genes  from  genomic  DNA  sample  based  on  the  slopes  and  intercepts  of  the  constructed  standard  curves.  For  a
comprehensive comparison amongst formula and rations used in Relative and Absolute quantification strategies, some
relevant mathematical methodologies were employed. For relative quantification, either 100% efficiency for all runs or
the actual calculation was considered.

2.6. Relative Methods

After measurement of Ct values, various methods can be used to conclude the expression level of the target gene in
the test sample relative to the calibrator sample.

2.7. The 2-ΔΔCt (Livak) Method

This  method,  which  is  extensively  used  and  easily  performed,  considers  the  probability  that  both  target  and
reference genes are amplified with similar efficiencies near 100%. Prior using the Livak method (Equation 3),  it  is
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crucial to validate these assumptions by determining the amplification efficiencies of target and the reference genes
[10].

ΔCt(test) = Ct (target, test) - Ct (ref, test)

ΔCt(control) = Ct (target, control) - Ct (ref, control)

ΔΔCt= ΔCt(test)- ΔCt(control)

One sample efficiency corrected calculation models

One procedure of calculation of the relative quantification ratio is the efficiency corrected calculation model, based
on one sample (Equations 4–5) [21] LightCycler Relative Quantification Software, 2001).

2.8. The ΔCt Method Using a Reference Gene

The ΔCt method using a reference gene is a variant of the Livak method that is easier to execute and gives basically
the identical results.

Ratio (reference/target) = 2Ct(ref) - Ct(target)

The mathematical assumptions for this approach are identical to those for the Livak method.

LinRegPCR

A different way to analyze qPCR efficiencies is based on mathematical operations that calculate the efficiency for
each single fluorescence curve. To do this, an altered formula derived from the equations in [22] was used (Equation 6).

Relative transgene copies= 2-ΔCt

Ratio= 2-ΔΔCq

E= 10 (-1/slope)

2.9. Calculation of Number of Transgene Copies

By placing  the  mean  Ct  value  (after  ruling  out  the  out-of-range  Ct  values)  and  the  numbers  deduced  from the
standard curves in the formula, the copy number of Daclizumab gene was calculated according to the following formula
(Equation 7):

In the aforementioned formula IX and IR stand as intercepts of the relative standard curves of target and reference
genes,  separately,  SX  and  SR  remain  as  the  slopes  of  the  standard  curves  of  target  and  reference  genes,
correspondingly, and CT, X and CT, R are the distinguished threshold cycles of the amplification of the target and
reference genes to an established sample. If the copy number of the reference gene (R0) is well confirmed, the copy
number of the target gene (X0) can easily be deduced from the IX, IR, SX, SR, CT, X, and CT, R in the tested sample
[23].

(Equation 3)

(Equation 4)

(Equation 5)

(Equation 6)

(Equation 7)

2-ΔΔCt= ratio of normalized expression  

(E target)
 ΔCt target (Control-Sample)  

Ratio=                            
  (E reference)

 ΔCt Ref (Control-Sample)  

  (E reference)
 ΔCt sample               (E reference)

 ΔCt control

Ratio=                                       ÷                                       
  (E target)

 ΔCt sample                              (E target)
 ΔCt control

 

(E(ref))
 Ct(ref) 

Ratio =                          
(E(target))

 Ct(target) 

X0/R0 = 10[(CT, X – IX)/SX] – [(CT, R – IR)/SR]  
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2.10. Absolute Quantification

The Ct values assumed by the following equation were employed to calculate the logarithm of the recombinant gene
copy numbers from:

Ct= slope×log (GCN)+I

where I in the formula above acts as the intercept of standard curve [24]. Another way to obtain the absolute copy
number  is  referring to  calculated values  by the  Real-time PCR device.  However,  the  following conditions  must  be
satisfied prior any judgement regarding the obtained values.

The average value of the slope of the standard curves should be in the range of - 3.1 ≤ slope ≤ - 3.6, corresponding
to amplification efficiencies of 110% to 90%. The values of R2 in the standard curves have to be ≥0.98. The limit of
quantification (LOQ) should be ≤ the lowest amount or concentration included in the dynamic range (i.e.0.09% or 50
copies). For combined modules the limit of detection (LOD) should be < 0.045% with a level of confidence of 95%,
ensuring ≤ 5% false negative results.

A sample was considered negative when no Ct value was determined and no amplification curve was observed.

A sample was considered positive when Ct value was less than 45 and amplification curve was observed.

For test items, if any inconsistent result was achieved the test was repeated.

3. RESULT

Relative Quantifications

The results are presented as mean values from three biological samples analyzed in triplicates.  For NTC, no Ct
values was recorded in Real-time PCR output. The obtained mean Glucagon and Daclizumab Ct values (in triplicate)
were 23.34±0.11 and 18.20±0.14 respectively.

3.1. Calculation of Amplification Efficiency

A five step 1:10 dilution series was organized and each dilution step was measured in triplicate Table (3).

Table  3.  Daclizumab  and  Glucagon  amplification  efficiency  (E)  calculation  using  means  (n  =  5)  of  calibration  curves
generated via dilution series of plasmid of each gene.

- Daclizumab Glucagon
Dilution Ct %Var Ct %Var

107
 13.97 0.43  15.56 0.61

106
 17.32 0.66  18.93 0.75

105
 21.33 0.73  22.33 0.93

104
 24.61 0.34  26.08 0.82

103
 27.20 0.56  29.12 0.57

- Slope E I Slope E I
- -3.374 1.976 37.759 -3.425 1.958 39.533

Relative  fluorescence  curves  of  Daclizumab  and  Glucagon  plasmids  plotted  against  the  cycle  plus  the  relevant
standard curve which was used for calculations of efficiency, slope and intercept were prepared Fig. (1). To check the
fidelity  of  the  amplified  samples  and  consequent  curves,  melt  A.  green  analysis  was  generated  for  the  target  and
reference gene Fig. (2).

3.2. Relative Transgene Copy Numbers

The data set applied to calculate the relative gene copy numbers is presented in Table (4). The transgene copies
were relative to Glucagon using the analyzed Ct values, slope, intercept and the qPCR efficiencies.
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Fig.  (1).  Relative fluorescence curves plotted against  the qPCR cycles (A & C) plus standard curve showing Ct plotted against
concentration  (B  &  D)  are  shown  for  Daclizumab  and  Glucagon  plasmids  serial  dilutions  as  standard  respectively.  Colors
corresponds  to  those  in  Table  3.

Fig. (2). Melt data for Melt A. Green analysis showing peaks for each standard dilution series in Glucagon (A) and Daclizumab (B).

Table 4. Calculation of gene copies relative to Glucagon via different relative methods.

Relative Quantitation
Method 2-ΔΔCt (Livak) One Sample Efficiency

Corrected Formula 1
One Sample Efficiency
Corrected Formula 2 The ΔCt Method LinRegPCR

Number of
Transgene Copies

[23]
Daclizumab-Glucagon

Efficiency 2-2 1.976-1.958 1.976-1.958 2-2 1.882-1.864 NO
RGCN±Var 17.63±0.15 16.68±0.13 16.48±0.11 35.26±0.12 30.72±0.11 11.74 ±0.18

GCN: Relative Gene Copy Number Var: Variance NO: Not operated in the formula

The results acquired from the diverse calculation methods expressed that the ΔCt method for efficiency correction
resulted  in  the  highest  relative  transgene  numbers  followed by  LinRegPCR,  2-ΔΔCt,  one  sample  efficiency  corrected
equation 4, one sample efficiency corrected equation 5 and Number of transgene copies [23].
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3.3. Absolute Quantification

The absolute gene copy number of both target and reference gene was compared (in duplicate) with the calculated
results obtained from Real-time PCR software Table (5).

Table 5. The obtained absolute quantification results via standard curve for Glucagon and Daclizumab genes by means of
formula and qPCR device output.

Gene Ct Formula (Edros et al., 2013) Device Calculation (Copies/reaction)
Glucagon 1 24.82 19952 19671
Glucagon 2 24.72 21379 21131

Daclizumab 1 19.27 301995 19671
Daclizumab 2 19.40 275422 276114

4. DISCUSSION

Nucleic acid quantification is an applicable issue for the description of mammalian recombinant cell lines and also
for the recording of producer clones [25]. Quantitative real-time RT-PCR is broadly and progressively used in different
kinds of gene quantification strategies, due to its wide range of dynamic quantification, satisfactory reproducibility and
great thoroughness. Whereas, qPCR has an incredible potential for analytical applications, an ample understanding of
its underlying principles is essential. Real-time PCR data are calculated relatively and absolutely.

In the present study, different approaches on the relative quantification of target gene transcripts in comparison to an
internal  control  gene  transcript  plus  two  sources  of  absolute  quantification  were  investigated  and  compared.  The
mathematical models for data analysis were presented to calculate the relative expression ratio on the basis of the PCR
efficiency  and  crossing  point  deviation  of  the  investigated  transcripts.  Different  methods  of  relative  and  absolute
quantification used in the present study showed variations in the calculated transgene copy number.

4.1. Relative Quantification

Relative quantification is based on the assessment between the expression of a target gene versus a reference gene
[20].  The method is  conducted via  the expression levels  of  a  target  gene versus a  housekeeping gene (reference or
control gene) and in theory is suitable for most objectives to inspect physiological variations in gene expression levels.
The units employed for expression of relative quantities are unrelated, and the relative quantities can be associated with
multiple real-time qPCR experiments. In Real-time PCR analysis, the first crucial step is to acquire the endogenous
DNA sequence with established low copy numbers per genome as the internal control. A single-copy endogenous gene
per genome is the ultimate choice for this estimation to ensure sensitivity of detection [23]. In our experimental design,
Glucagon was chosen as the single-copy or internal control gene. The gene has been shown to be single copy in many
studies [e.g 10, 18, 20, 26] especially in mammalian cells. Since the Daclizumab as a monoclonal antibody is produced
in recombinant Chinese Hamster Ovary (CHO) cell line, Glucagon could be a great choice as the single copy gene.
Regarding the other approach, Absolute quantification employs an internal or external calibration curve to develop the
input template copy number [27]. In qPCR analyses, reference genes or internal controls are employed as controls to
standardize the data by revisions for differences in quantities of cDNA used as a template. A flawless reference gene is
hence one that does not display changes in expression between samples from different experimental conditions or time
points. Several genes, such as GADPH, ACTB, or 16S rRNA, are repeatedly applied as reference genes. However, a
number of studies have revealed that the expression of these genes may vary substantially between tissues or between
treatments, and this inconsistency may make them unsuitable for use as reference genes [28]. So, Reference genes must
be cautiously designated based on experimental data. A good reference gene is characterized with an M value below 0.5
in uniform sample sets, and below 1 in heterogeneous sample sets [29].

To evaluate qPCR quantification methods, six different relative quantification approaches were employed. There are
some reasons for efficiency variations apart from calculation assumptions including temperature differences (in plate
based machines), the presence of PCR inhibitors and inaccurate pipetting causing less or more volumes of master mix in
reactions.

To overcome the problem of varying amount of input template of the target gene, normalizing to a reference gene is
a  solution  [10].  The  2-ΔΔCt  method  may  be  employed  to  compute  relative  changes  in  gene  expression  [10].  For  the
validation of the ΔΔCt, the amplification efficiencies of the target and reference must be almost identical. A promising
aspect  of  the  2-ΔΔCt  method  is  that  it  utilizes  data  as  part  of  the  real-time  PCR  experiment  to  accomplish  this
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normalization  task  [10].  The  dependency  on  an  incorrect  assumption  of  100%  PCR  efficiency  plus  neglecting
background florescence which cause results deviation, are main disadvantages of 2-ΔΔCt method [30]. To solve the issues,
individual efficiency corrected calculation is introduced [30].

The  ΔCt  method  utilizes  the  difference  between  target  Ct  and  reference  values  for  each  sample.  In  spite  of  the
easiness of the method, it is certainly normalized expression. The expression level of the reference gene is taken into
account.  The  main  difference  in  the  results  is  that  the  expression  value  of  the  calibrator  sample  is  not  1.0.  If  the
resulting expression values gained in this method are divided by the expression value of a chosen calibrator, the results
of  this  calculation are precisely the same as  those obtained with the Livak method.  As we did the operation in the
present study for the result of the ΔCt method (35.26±0.12), after dividing by the calibrator expression value, a similar
result like in 2-ΔΔCt method was gained.

In one sample efficiency corrected model, the expression of target-gene is normalized by one reference gene (REF)
expression, which is actually derived from classical and frequently described reference genes [29, 31]. The fundamental
challenge  in  this  tactic  is  that  the  most  frequent  reference-gene  transcripts  from  so-called  steady  expressed
housekeeping  gene  are  affected  by  the  employed  treatment.

In LinRegPCR, mean qPCR efficiencies were calculated from all single fluorescence curves in one amplicon. The
mathematical  algorithm calculates,  via  Real-time  PCR efficiencies,  linear  regression  in  the  exponential  part  of  the
fluorescence curve [32, 33]. To calculate the ratio between reference and target gene including the efficiency correction,
a modified formula derived from the equations published by [22] was used. It was shown that the method does not need
serial  dilutions  of  the  template  for  resolving  E  value  and  it  produces  consistent  results  when  average  E  value  is
employed for the R calculation [34].

In the relative quantitation formula [10], the method does not involve equal amplification efficiencies between the
PCR  systems  for  target  and  the  internal  control  genes,  which  can  evade  the  bias  that  could  emerge  from  minor
differences  in  amplification  efficiencies  between  the  target  and  endogenous  reference  genes.  There  is  a  linear
relationship  between  crossing  the  threshold  fluorescence,  the  Ct  and  the  log  of  the  starting  molecules  input  in  the
reaction. Consequently, quantification will permanently happen during exponential phase, and it will be not disturbed
by any reaction elements becoming restricted in the plateau phase [35].

The alterations between the calculations strategies were affected by the variations of efficiencies resulted from each
method for each analyzed gene. The challenges of confirming amplification efficiency and stating the lack of required
norms to show the equal efficiency for all samples were discussed as an ongoing issue in quantification approaches
[36]. Hence, they challenged standard curves as gold standard to calculate amplification efficiency. After showing the
dynamic nature of efficiency and its dependency on DNA quantity, a linear regression of efficiency parameter enhanced
the definition of efficiency at the beginning of the qPCR and was introduced as an alternative for standard curve [36].
Since  this  part  of  research  question  concentrates  on  the  transgene  copies  relative  to  the  reference  gene,  the  result
extremely relies on the efficiency used for calculations. In this scheme, the 2-ΔΔCt Method, which is commonly used in
relative quantification studies, is not the appropriate selection for transgene copy numbers determination relative to a
reference gene. The reason arises from the idealistic point of 100% qPCR efficiency assumption which is not happening
in  real  condition.  Pfaffl’s  method  and  its  other  derived  formula  with  efficiency  correction  are  more  preferable
substitutions for quantification relative to a reference gene. The efficiencies are calculated via different methods like
1:10 dilution series [25] or mathematical models based on single sample fluorescent curve [20]. Despite similar values
obtained from one sample efficiency corrected models and the 2-ΔΔCt method, due to efficiency differences, the formula
in the former method is suggested to be employed. The formula used in ΔCt method is inferior in case of calculated
efficiency accuracy to LinRegPCR and the formula in [23]. We suggest using LinRegPCR or the formula in [23], since
both  hold  strong mathematical  ration  for  accurate  efficiency calculation.  In  the  aforementioned method [23],  other
criteria like slope and intercept play main role as well as efficiency in relative quantification. But the formula needs
precise  determination  of  reference  gene  transcript  copy.  It  was  shown  that  baseline  estimation  errors  are  straight
mirrored in the experimental PCR efficiency values and are consequently proliferated exponentially in the assessed
starting concentrations along with ‘fold-difference’ outcomes [32]. The methods NormFinder and LinRegPCR were
shown to be the most appropriate tactics for reference gene selection and efficiency determination, correspondingly
[37]. The LinRegPCR efficiency calculation out of single fluorescence curves presented acceptable reproducibility.
There  are  some  advantages  in  this  method  such  as  mean  efficiency  calculation  per  amplicon  and  independency  of
adding the standard [25].
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4.2. Absolute Quantitation

Absolute quantification is conceptually simple and the accurate calculations are easy to accomplish.  It  involves
comparing the quantification cycle (Ct) values of test samples to standards of identified quantity plotted on a standard
curve. Absolute quantitation employs serially diluted standards of known concentrations to create a standard curve. The
standard  curve  makes  a  linear  relationship  between  Ct  and  initial  amounts  of  total  cDNA  or  RNA,  permitting  the
determination of the concentration of unknowns based on their Ct values [38]. The absolute quantities of the standards
must be identified by some independent resources. As in the present study, Plasmid DNA is regularly used to make
absolute standards.

The consistency of an absolute Real-time RT-PCR assay is dependent on the situation of ‘identical’ amplification
efficiencies for both the target and the calibration curve in RT reaction and in following kinetic PCR [39]. In the preset
study, the formula and device both yielded similar results. Calibration curves are vastly reproducible and permit the
appearance of highly definite, delicate and reproducible data. Absolute quantification is abstractly assumption free and
the mathematical calculations are easy to accomplish.

CONCLUSION

In  general,  different  approaches  of  relative  quantification  produced  different  ratios  owing  to  mathematical
parameters setting and assumption in the formula. Efficiency showed up to be the main role player in ratio changes
from method to method. The methodologies share a common mathematical background but the alterations in values of
factors like efficiency in relative quantification, as the main character, brought up different results. The best method in
the relative quantification is suggested to be employed according to efficiency correction and reproducibility of the
method  in  the  experiment  set  up.  It  is  still  a  matter  of  inconsistency  to  propose  a  comprehensive  formula  and/or
software for relative calculations. On the other hand, choosing the appropriate internal control could be a determining
aspect of correct calculations. It must be mentioned that the genome copy number is not essentially proportional to the
expression  of  the  gene.  Real  time  reverse  transcriptase  PCR is  straight  forward  method  for  the  expression  studies.
Regarding  the  approaches  in  the  present  study,  Absolute  method  shows  quantity  as  copies/reaction  or  fold  while
Relative method expresses quantities as fold change only. We suggest a reliable and realistic view on efficiency values.
The data could even differ from device to device depending on detector sensitivity of the qPCR machine.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE

Not applicable.

HUMAN AND ANIMAL RIGHTS

No Animals/Humans were used for studies that are base of this research.

CONSENT FOR PUBLICATION

Not applicable.

CONFLICT OF INTEREST

The authors declare no conflict of interest, financial or otherwise.

ACKNOWLEDGEMENTS

We warmly appreciate from everyone who could assist us with preparation of the manuscript. The authors do not
have conflict of interest regarding all the related matters of the present manuscript. This research did not receive any
financial support from any organization or agency.

REFERENCES

[1] Murphy LD, Herzog CE, Rudick JB, Fojo AT, Bates SE. Use of the polymerase chain reaction in the quantitation of mdr-1 gene expression.
Biochemistry 1990; 29(45): 10351-6.
[http://dx.doi.org/10.1021/bi00497a009] [PMID: 1979752]

[2] Noonan KE, Beck C, Holzmayer TA, et al.  Quantitative analysis of MDR1 (multidrug resistance) gene expression in human tumors by
polymerase chain reaction. Proc Natl Acad Sci USA 1990; 87(18): 7160-4.
[http://dx.doi.org/10.1073/pnas.87.18.7160] [PMID: 1976252]

http://dx.doi.org/10.1021/bi00497a009
http://www.ncbi.nlm.nih.gov/pubmed/1979752
http://dx.doi.org/10.1073/pnas.87.18.7160
http://www.ncbi.nlm.nih.gov/pubmed/1976252


10   The Open Bioinformatics Journal, 2018, Volume 11 Mahboudi et al.

[3] Horikoshi T, Danenberg KD, Stadlbauer TH, et al. Quantitation of thymidylate synthase, dihydrofolate reductase, and DT-diaphorase gene
expression in human tumors using the polymerase chain reaction. Cancer Res 1992; 52(1): 108-16.
[PMID: 1727369]

[4] Heid CA, Stevens J, Livak KJ, Williams PM. Real time quantitative PCR. Genome Res 1996; 6(10): 986-94.
[http://dx.doi.org/10.1101/gr.6.10.986] [PMID: 8908518]

[5] Winer J, Jung CK, Shackel I, Williams PM. Development and validation of real-time quantitative reverse transcriptase-polymerase chain
reaction for monitoring gene expression in cardiac myocytes in vitro. Anal Biochem 1999; 270(1): 41-9.
[http://dx.doi.org/10.1006/abio.1999.4085] [PMID: 10328763]

[6] Ingham DJ, Beer S, Money S, Hansen G. Quantitative real-time PCR assay for determining transgene copy number in transformed plants.
Biotechniques 2001; 31(1): 132-134, 136-140.
[PMID: 11464506]

[7] Mason G, Provero P, Vaira AM, Accotto GP. Estimating the number of integrations in transformed plants by quantitative real-time PCR.
BMC Biotechnol 2002; 2: 20.
[http://dx.doi.org/10.1186/1472-6750-2-20] [PMID: 12398792]

[8] Callaway AS, Abranches R, Scroggs J, Allen GC, Thompson WF. High throughput transgene copy number estimation by competitive PCR.
Plant Mol Biol Report 2002; 20: 265-77.
[http://dx.doi.org/10.1007/BF02782462]

[9] Song P, Cai C, Skokut M, Kosegi BD, Petolino JF. Quantitative real-time PCR as a screening tool for estimating transgene copy number in
WHISKERSTM derived transgenic maize. Plant Cell Rep 2002; 20: 948-54.
[http://dx.doi.org/10.1007/s00299-001-0432-x]

[10] Livak KJ, Schmittgen TD. Analysis of relative gene expression data using real-time quantitative PCR and the 2(-Δ Δ C(T)) method. Methods
2001; 25(4): 402-8.
[http://dx.doi.org/10.1006/meth.2001.1262] [PMID: 11846609]

[11] D’haene B, Vandesompele J, Hellemans J. Accurate and objective copy number profiling using real-time quantitative PCR. Methods 2010;
50(4): 262-70.
[http://dx.doi.org/10.1016/j.ymeth.2009.12.007] [PMID: 20060046]

[12] Huang Y, Yin X, Zhu C, et al. Standard addition quantitative real-time PCR (SAQPCR): A novel approach for determination of transgene
copy number avoiding PCR efficiency estimation. PLoS One 2013; 8(1): e53489.
[http://dx.doi.org/10.1371/journal.pone.0053489] [PMID: 23308234]

[13] Chen CY, Shyu AB. Selective degradation of early-response-gene mRNAs: Functional analyses of sequence features of the AU-rich elements.
Mol Cell Biol 1994; 14(12): 8471-82.
[http://dx.doi.org/10.1128/MCB.14.12.8471] [PMID: 7969180]

[14] Iyer VR, Eisen MB, Ross DT, et al. The transcriptional program in the response of human fibroblasts to serum. Science 1999; 283(5398):
83-7.
[http://dx.doi.org/10.1126/science.283.5398.83] [PMID: 9872747]

[15] Schmittgen TD, Zakrajsek BA. Effect of experimental treatment on housekeeping gene expression: Validation by real-time, quantitative RT-
PCR. J Biochem Biophys Methods 2000; 46(1-2): 69-81.
[http://dx.doi.org/10.1016/S0165-022X(00)00129-9] [PMID: 11086195]

[16] Giulietti A, Overbergh L, Valckx D, Decallonne B, Bouillon R, Mathieu C. An overview of real-time quantitative PCR: Applications to
quantify cytokine gene expression. Methods 2001; 25(4): 386-401.
[http://dx.doi.org/10.1006/meth.2001.1261] [PMID: 11846608]

[17] Lee C, Kim J, Shin SG, Hwang S. Absolute and relative QPCR quantification of plasmid copy number in Escherichia coli. J Biotechnol 2006;
123(3): 273-80.
[http://dx.doi.org/10.1016/j.jbiotec.2005.11.014] [PMID: 16388869]

[18] Ramayo-Caldas Y, Castelló A, Pena RN, et al. Copy number variation in the porcine genome inferred from a 60 k SNP BeadChip. BMC
Genomics 2010; 11: 593.
[http://dx.doi.org/10.1186/1471-2164-11-593] [PMID: 20969757]

[19] Škulj M, Pezdirec D, Gaser D, Kreft M, Zorec R. Reduction in C-terminal amidated species of recombinant monoclonal antibodies by genetic
modification of CHO cells. BMC Biotechnol 2014; 14: 76.
[http://dx.doi.org/10.1186/1472-6750-14-76] [PMID: 25123359]

[20] Bustin  SA,  Benes  V,  Garson  JA,  et  al.  The  MIQE  guidelines:  minimum  information  for  publication  of  quantitative  real-time  PCR
experiments. Clin Chem 2009; 55(4): 611-22.
[http://dx.doi.org/10.1373/clinchem.2008.112797] [PMID: 19246619]

[21] Souazé F, Ntodou-Thomé A, Tran CY, Rostène W, Forgez P. Quantitative RT-PCR: Limits and accuracy. Biotechniques 1996; 21(2): 280-5.
[PMID: 8862813]

[22] Pfaffl MW. A new mathematical model for relative quantification in real-time RT-PCR. Nucleic Acids Res 2001; 29(9): e45.
[http://dx.doi.org/10.1093/nar/29.9.e45] [PMID: 11328886]

http://www.ncbi.nlm.nih.gov/pubmed/1727369
http://dx.doi.org/10.1101/gr.6.10.986
http://www.ncbi.nlm.nih.gov/pubmed/8908518
http://dx.doi.org/10.1006/abio.1999.4085
http://www.ncbi.nlm.nih.gov/pubmed/10328763
http://www.ncbi.nlm.nih.gov/pubmed/11464506
http://dx.doi.org/10.1186/1472-6750-2-20
http://www.ncbi.nlm.nih.gov/pubmed/12398792
http://dx.doi.org/10.1007/BF02782462
http://dx.doi.org/10.1007/s00299-001-0432-x
http://dx.doi.org/10.1006/meth.2001.1262
http://www.ncbi.nlm.nih.gov/pubmed/11846609
http://dx.doi.org/10.1016/j.ymeth.2009.12.007
http://www.ncbi.nlm.nih.gov/pubmed/20060046
http://dx.doi.org/10.1371/journal.pone.0053489
http://www.ncbi.nlm.nih.gov/pubmed/23308234
http://dx.doi.org/10.1128/MCB.14.12.8471
http://www.ncbi.nlm.nih.gov/pubmed/7969180
http://dx.doi.org/10.1126/science.283.5398.83
http://www.ncbi.nlm.nih.gov/pubmed/9872747
http://dx.doi.org/10.1016/S0165-022X(00)00129-9
http://www.ncbi.nlm.nih.gov/pubmed/11086195
http://dx.doi.org/10.1006/meth.2001.1261
http://www.ncbi.nlm.nih.gov/pubmed/11846608
http://dx.doi.org/10.1016/j.jbiotec.2005.11.014
http://www.ncbi.nlm.nih.gov/pubmed/16388869
http://dx.doi.org/10.1186/1471-2164-11-593
http://www.ncbi.nlm.nih.gov/pubmed/20969757
http://dx.doi.org/10.1186/1472-6750-14-76
http://www.ncbi.nlm.nih.gov/pubmed/25123359
http://dx.doi.org/10.1373/clinchem.2008.112797
http://www.ncbi.nlm.nih.gov/pubmed/19246619
http://www.ncbi.nlm.nih.gov/pubmed/8862813
http://dx.doi.org/10.1093/nar/29.9.e45
http://www.ncbi.nlm.nih.gov/pubmed/11328886


A review of Common Quantitative Approaches via Real-time PCR The Open Bioinformatics Journal, 2018, Volume 11   11

[23] Weng H, Pan A, Yang L, Zhang Ch, Liu Zh, Zhang D. Estimating number of transgene copies in transgenic rapeseed by real-time PCR assay
with HMG I/Y as an endogenous reference gene. Plant Mol Biol Report 2004; 22: 289-300.
[http://dx.doi.org/10.1007/BF02773139]

[24] Edros RZ, McDonnell S, Al-Rubeai M. Using molecular markers to characterize productivity in Chinese hamster ovary cell lines. PLoS One
2013; 8(10): e75935.
[http://dx.doi.org/10.1371/journal.pone.0075935] [PMID: 24146795]

[25] Sommeregger W, Prewein B, Reinhart D, Mader A, Kunert R. Transgene copy number comparison in recombinant mammalian cell lines:
critical reflection of quantitative real-time PCR evaluation. Cytotechnology 2013; 65(5): 811-8.
[http://dx.doi.org/10.1007/s10616-013-9606-y] [PMID: 23807595]

[26] Habener JF, Hussain M. ED, Molecular Basis of Pancreas Development and Function. NewYork: Springer 2001.
[http://dx.doi.org/10.1007/978-1-4615-1669-9]

[27] Yuan JS, Reed A, Chen F, Stewart CN Jr. Statistical analysis of real-time PCR data. BMC Bioinformatics 2006; 7: 85.
[http://dx.doi.org/10.1186/1471-2105-7-85] [PMID: 16504059]

[28] Stephens  AS,  Stephens  SR,  Morrison  NA.  Internal  control  genes  for  quantitative  RT-PCR  expression  analysis  in  mouse  osteoblasts,
osteoclasts and macrophages. BMC Res Notes 2011; 4: 410.
[http://dx.doi.org/10.1186/1756-0500-4-410] [PMID: 21996334]

[29] Vandesompele J, De Preter K, Pattyn F, et al. Accurate normalization of real-time quantitative RT-PCR data by geometric averaging of
multiple internal control genes. Genome Biol 2002; 3(1) research0034-1

[30] Rao X, Huang X, Zhou Z, Lin X. An improvement of the 2ˆ(-delta delta CT) method for quantitative real-time polymerase chain reaction data
analysis. Biostat Bioinforma Biomath 2013; 3(3): 71-85.
[PMID: 25558171]

[31] Pfaffl  MW,  Horgan  GW,  Vainshtein  Y,  Avery  P.  (REST-384©  REST-MCS©,  RESTRG  ©)  Physiology.  Weihenstephan:  Technical
University of Munich 2005.

[32] Ruijter JM, Ramakers C, Hoogaars WM, et al. Amplification efficiency: Linking baseline and bias in the analysis of quantitative PCR data.
Nucleic Acids Res 2009; 37(6): e45.
[http://dx.doi.org/10.1093/nar/gkp045] [PMID: 19237396]

[33] Tuomi JM, Voorbraak F, Jones DL, Ruijter JM. Bias in the Cq value observed with hydrolysis probe based quantitative PCR can be corrected
with the estimated PCR efficiency value. Methods 2010; 50(4): 313-22.
[http://dx.doi.org/10.1016/j.ymeth.2010.02.003] [PMID: 20138998]

[34] Čikoš S, Bukovská A, Koppel J. Relative quantification of mRNA: Comparison of methods currently used for real-time PCR data analysis.
BMC Mol Biol 2007; 8: 113.
[http://dx.doi.org/10.1186/1471-2199-8-113] [PMID: 18093344]

[35] Pfaffl MW, Horgan GW, Dempfle L. Relative expression software tool (REST) for group-wise comparison and statistical analysis of relative
expression results in real-time PCR. Nucleic Acids Res 2002; 30(9): e36.
[http://dx.doi.org/10.1093/nar/30.9.e36] [PMID: 11972351]

[36] Rutledge RG, Stewart D. Critical evaluation of methods used to determine amplification efficiency refutes the exponential character of real-
time PCR. BMC Mol Biol 2008; 9: 96.
[http://dx.doi.org/10.1186/1471-2199-9-96] [PMID: 18973660]

[37] Robledo D, Hernández-Urcera J, Cal RM, et al. Analysis of qPCR reference gene stability determination methods and a practical approach for
efficiency calculation on a turbot (Scophthalmus maximus) gonad dataset. BMC Genomics 2014; 15(1): 648.
[http://dx.doi.org/10.1186/1471-2164-15-648] [PMID: 25091330]

[38] Wong ML, Medrano JF. Real-time PCR for mRNA quantitation. Biotechniques 2005; 39(1): 75-85.
[http://dx.doi.org/10.2144/05391RV01] [PMID: 16060372]

[39] Pfaffl MW. Quantification strategies in real-time RT-PCR.The Real-time PCR Encyclopaedia A–Z of Quantitative PCR. 1st ed. La Jolla, CA:
International University Line 2004; pp. 87-120.

© 2018 Mahboudi et al.

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a
copy of which is available at: (https://creativecommons.org/licenses/by/4.0/legalcode). This license permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.

http://dx.doi.org/10.1007/BF02773139
http://dx.doi.org/10.1371/journal.pone.0075935
http://www.ncbi.nlm.nih.gov/pubmed/24146795
http://dx.doi.org/10.1007/s10616-013-9606-y
http://www.ncbi.nlm.nih.gov/pubmed/23807595
http://dx.doi.org/10.1007/978-1-4615-1669-9
http://dx.doi.org/10.1186/1471-2105-7-85
http://www.ncbi.nlm.nih.gov/pubmed/16504059
http://dx.doi.org/10.1186/1756-0500-4-410
http://www.ncbi.nlm.nih.gov/pubmed/21996334
http://www.ncbi.nlm.nih.gov/pubmed/25558171
http://dx.doi.org/10.1093/nar/gkp045
http://www.ncbi.nlm.nih.gov/pubmed/19237396
http://dx.doi.org/10.1016/j.ymeth.2010.02.003
http://www.ncbi.nlm.nih.gov/pubmed/20138998
http://dx.doi.org/10.1186/1471-2199-8-113
http://www.ncbi.nlm.nih.gov/pubmed/18093344
http://dx.doi.org/10.1093/nar/30.9.e36
http://www.ncbi.nlm.nih.gov/pubmed/11972351
http://dx.doi.org/10.1186/1471-2199-9-96
http://www.ncbi.nlm.nih.gov/pubmed/18973660
http://dx.doi.org/10.1186/1471-2164-15-648
http://www.ncbi.nlm.nih.gov/pubmed/25091330
http://dx.doi.org/10.2144/05391RV01
http://www.ncbi.nlm.nih.gov/pubmed/16060372
https://creativecommons.org/licenses/by/4.0/legalcode

	Prospect and Competence of Quantitative Methods via Real-time PCR in a Comparative Manner: An Experimental Review of Current Methods 
	[Background:]
	Background:
	Objective:
	Methods:
	Results:
	Conclusion:

	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Genomic DNA Isolation
	2.2. Cloning
	2.3. Standard Solutions Preparation
	2.4. Quantitative Real-Time PCR
	2.5. Quantification Methods: Relative and Absolute Strategies
	2.6. Relative Methods
	2.7. The 2-ΔΔCt (Livak) Method
	2.8. The ΔCt Method Using a Reference Gene
	2.9. Calculation of Number of Transgene Copies
	2.10. Absolute Quantification

	3. RESULT
	3.1. Calculation of Amplification Efficiency
	3.2. Relative Transgene Copy Numbers
	3.3. Absolute Quantification

	4. DISCUSSION
	4.1. Relative Quantification
	4.2. Absolute Quantitation

	CONCLUSION
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




