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Introducing C2Pe, a new qPCR algorithm and web
interface for raw data analysis
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The PCR reaction: PCR is used to amplify a specific portion of DNA denominated target sequence. The exponential amplification of this sequence will differentiate the target
with the other DNA background, and during the first cycles, the amount of fluorescence is accumulated until the detector is able to collect data and plot the curve.
The initial phase of a qPCR curve fits an exponential model. In each PCR
cycle, the template sequence is theoretically duplicated: e.g. if the
reaction at Cycle 0 (C0) has 1 target sequence, in the following cycles
there will be: C1 = 2, C2 = 4, C3 = 8, C4 = 16, etc. In the same way, two
different samples can be compared, for example if another sample is 10
times more concentrated, the cycles will be: C1 = 20, C2 = 40, C3 = 80, C4
= 160, etc. And the first curve will be 3.32 cycles behind the second curve
(C3.32 = 10) as shown in the Figure. In a theoretical, 100% efficient series
of reactions, the amplification curve follows the equation 2Cx, where the
final copy number is dependent on the number of initial template
sequences and the number of PCR reaction cycles.

The qPCR analysis can be obtained by the Comparative method or by the
Standard Curve.
The Comparative Method uses a single sample as a reference. Because 2
different curves have the same amount of
fluorescence, the difference of the Ct of each curve
represents the magnitude of the relation. Solving the
ecuation the resukt is the famous 2ΔCt
This method assumes a 100% efficiency (E=2) of the
PCR reaction in the exponential phase.
However if the efficiency is not 100%, a small as 10% of error can
differ from the expecting amplification rate with 50% of error, only
after 5 cycles.
The Standard Curve is the plot of the Ct values against of the log of the dilution,
for relative quantification, or the log of the known value, for absolute quantification.
This curve will fit a linear equation Y = mX + n, where introducing any Ct value, the
relative or absolute concentration is given by the model.
An alternative for calculating the efficiency of the reaction, called the “assumption-
free method”, and they use the exponential Phase of each PCR reaction curve.
Of the various methods presented in the literature, the SCF methods, sigmoidal
curve fitting, the patented Cy0 method gives the best results for correcting the Ct
value. However, whereas the
Cy0 algorithm can correct
the curve, it cannot
determine the efficiency of
the PCR curve, necessitating
the use of a standard curve.

Ritz & Spiess, 2008
http://www.dr-spiess.de/qpcR.html

C2Pe: We propose a novel algorithm, that overcomes shortcomings
in previously published methods. C2Pe considers 2 phases of a
reaction, and the PCR efficiency to determine the Ct value.
The first Phase gives the theoretical point where efficiency is
constant, and where two curves can be compared. This Phase also
provide information abou the efficiency of the PCR reaction. The
second Phase of the PCR reaction provides information about the
quality of the overall reaction.
To evaluate and compare methods, we use the experimental data
from the Cy0 method paper (Guescini et al., 2008). The mentioned
research uses a set of data with seven serial dilutions, with 12
technical replicates and also five experimental condition where the
master mix reaction was diluted to represent poor preparation levels,
and 100%, 90%, 80%, 70% and 60% of the Taq was tested. In all

samples the initial ampunt was known. The
accuracy of the calculations was determined by
measuring the relative error.

This results shows that standard qPCR analysis is not accurate, and better methods
are available. In this work we demonstrate that the C2Pe can be more accurate than the
best "assumption-free methods", and it can be 52% and 36% more accurate than
unprocessed Ct method using standard curve or comparative method.

Step 1, finding the set of points that best represent the Phase I to get CI:
Data points of PCR curve is transformed to logarithmic scale in base of 10.
FOR Pa = 0 to PN-m

FOR Pb = Pa+m to PN

Estimate R2 from linear model of [Pa, …, Pb]
END FOR

END FOR
FIND MAX R2 and RETURN parameters of linear model

Efficiency is calculated using the slope of the equation

Step 2, finding the set of points that best represent the phase II:
Data points of PCR curve in natural scale.
FOR Pc = Pb+1 to PN-m

FOR Pd = Pb+m+1 to PN

Estimate R2 from linear model of [Pa, …, Pb]
END FOR

END FOR
FIND MAX R2 and RETURN parameters of linear model

Abstract: The determination of transcript levels via quantitative polymerase chain reaction (qPCR) is now widespread and instrumental in
research, medicine and a broad range of other areas. The standard method of analysis is delta Ct, that is simple to use, but has a high probability
of deviating from the true value. Several alternative approaches that give more consistent results have been presented but they are all complex
to use. The C2Pe method we have developed can improve on the delta Ct method by 51%, using the PCR curve to estimate the efficiency of
each reaction. The main innovations are that the embedded equations use the second phase of the curve to add a quality value to the data and
to correct the information given by the exponential phase. We have also incorporated revised statistics to improve the robustness of the analysis
and constructed a web-based interface to give a straightforward, streamlined qPCR experience.

To compare two or more curves, an arbitrary threshold line is traced in between the
point Cb and Cc. This line is called Rt, R for the fluorescence and t for threshold. When
the PCR curve reaches this line, is because the curve has accumulated “Rt” amount
of fluorescence signal. The cycle number when this happen is called Ct, C for cycle
and t for threshold. The Ct of all the samples represent the same amount of
fluorescence but different cycles, enabling the analysis and comparison between
samples.
A perfect 100% PCR efficiency duplicates the initial dsDNA value at every cycle. (a)
A representation of a standard curve of a 10X diluted sample, where the Ct value is
plotted for each dilution. High concentrated samples (log0 or log-1) can produce a
precise but not accurate Ct value. And low concentration (log -6 or log-7) could fail
in both, accuracy and precision because the technical replicates are not
synchronized because small variations at the beginning of the amplification, shown
in red dots. For every change in the log concentration, the number of cycles apart of
each sample is 3.32 (2n=10; n=3.32). (b) Representation of a PCR curve in log
scale. For every change in Y (logR), X (Cx) increases 3.32 during the phase I of the
reaction.


