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Modeling qPCR Curves: Spring 2019 Semester Report

Model 1 Changes

Model 1 assumes reversible dissociation/re-association reactions between single
template strands, A; and Ay, and between primer/hydrolysis probe, P, and a single strand

of template, A.

Aj+A, =2 A — A,
kdiss
AfPe—"A_P (Cobbs, 2012, p. 4)
kq

and the Kp parameter has the form

k diss

KD - kass

The model must estimate numerous parameters for every replicate in a dataset.
Determining starting values for every combination of parameter values is a lengthy process.
The time required to estimate these parameters is only slightly diminished by only
estimating Kg for the primer and assuming Kg for the probe is equal.

The goal of this semester was to reduce the number of parameters estimated by the

model and to determine a relationship between the primer and probe Kg parameters.

Parameter Reduction: Kp

A literature search was conducted in order to find a theoretical value of K, that

could be used in lieu of estimating the parameter. The following values

Kgss = 1 x 10° M1 57! (Craig et al., 1971; Gotoh, 1995; Jensen et al., 1997)

Kyss =~ 1 x 1074 g1 (Gotoh, 1995; Jensen et al., 1997)
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were used to estimate
KD =0.1 nM

Constant Multiplier Relationship: Kg probe = € * Kg primer

The old method for Model 1 requires the base sequences of the primer and probe as
well as the annealing temperature. The new method for Model 1 is similar to the old
method for Model 2 in that both only require the lengths of the primer and probe.

Old Method (Fall 2018). The older method for determining the value of the
constant utilizes the Nearest Neighbors Method of estimating the thermodynamic
parameters of DNA hybridization from a sequence of base pairs (SantalLucia, 1998), as
discussed by Marimuthu and Chakrabarti (2014).

The free energy and enthalpy for the primer and probe at standard temperature is
determined from their base sequences using the values reported by Santalucia (1998,

p. 1462). The standard free energy and enthalpy is then used to estimate the equilibrium
constant at standard temperature and the van’t Hoff equation used to dotermine the
equilibrium constant at annealing temperature. The constant for this method is given by

o Kiy (A= AH; (1_1)
R T

where T° = 310.15 K(37°C) is the standard temperature, T" is the annealing temperature in

Kelvin, K¢, , and AH, are the equilibrium constant and enthalpy at standard temperature

o

for the primer, and K, , and AHy are the equilibrium constant and enthalpy at standard
temperature for the probe.
Proportionality of Parameters. The forward rate constant for the association of

two strands of DNA is proportional to the square root of the length in base pairs of the

shorter strand.

k ~ VN (Craig et al., 1971; Mehra & Hu, 2005; Wetmur & Davidson, 1968)
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In their model, Mehra and Hu (2005, p. 851) used a value of k, ~ ko * v/N. The new
method for the Model 1 constant is based on an assumption that the forward rate constant

k, for the primer and probe is
ky = koss * VN
and that the dissociation constant for the primer and probe is

Ky = Kyiss (Mehra & Hu, 2005, p. 851)

New Method (Current). The new method for determining the value of the
constant uses a relationship that follows from the assumptions in the previous section:

o kdiss
Ko x VN

where k.., and kg;.s are the association and dissociation rate constants for the double

Ks

stranded DNA template and N is the length of the shorter primer/probe sequence.
The Kg parameters for the probe and primer are denoted K, and K, respectively.
The lengths of the primer and probe are N, and N,

KbZC*Kp

kdiss kdiss
C *

kass*\/ﬁb N kass* \/ﬁp

CcC =

Ny
N
Code Versions

The following table summarizes the different versions of the code which are compared

in the results section.

Version | Estimated Parameters | Given Parameters | Kg Relationship

v0 KS, primer; KD none KS, probe — KS, primer

vl KS, primers KD none KS, probe = C* KS, primer

v2 KS, primer KD =0.1 KS, probe — C* KS, primer
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Version 0 is the unmodified version of the code. The values of both Kg primer and Kp
are estimated by the code and Kg, ,rop. is assumed to be equal to Kg primer-

Version 1 was modified only to include a constant multiplier relationship between
K primer and Kg prope. The values of both Kg primer and Kp are estimated by the code and
K prote is assumed to be equal to ¢ * Kg primer-

Version 2 was modified so that Kp is given, only the value of Kg primer is estimated,
and there is a constant multiplier relationship between Kg primer and Kg prope. This version

assumes Kp = 0.1 and that Kg e is equal to ¢ * Kg primer-

R Code
getOldConstant(...)

The get0ldConstant function returns the constant multiplier, ¢, determined by the
new method. Given segA, seqB, and annealing temperature tempC in Celsius, the function
returns a constant for the relationship Kg = ¢ * K 4. The function uses a table, nnTab. txt,
of nearest neighbor sequences and corresponding standard free energy and enthalpy values

to determine the constant.

getOldConstant <- function(seqA, seqB, tempC=NULL]){
if( is.null(tempC) ){
stop("No temperature given. Must define temperature when using Model
1. Input annealing temperature in Celsius.")
}
R <- gasConstant
temp0 <- 310.10 # in K, 37 C
temp <- tempC + 273.15 # in K
indA <- getIndex(segA) # get indices for nearest neighbors table
indB <- getIndex(seqB)
deltaGOA <- sum(nntab$deltaGO[indA])

deltaGOB <- sum(nntab$deltaGO[indB])



SPRING 2019 REPORT 6

Keq@A <- exp(-deltaGOA / (R x temp0))

KeqOB <- exp(-deltaGOB / (R *x temp0))

deltaHOA <- sum(nntab$deltaHO[indA])

deltaHOB <- sum(nntab$deltaHO[indB])

KegA <- KeqOA * exp( -(deltaHoA / R) * ( (1/temp) - (1/temp@) ) )
KegqB <- Keq0B * exp( -(deltaHoB / R) x ( (1/temp) - (1/temp@) ) )
KA <- (1 / KegA)

KB <- (1 / KeqB)

c <- (KB / KA)

return(c)

}

getNewConstant(...)

The getNewConstant function returns the constant multiplier, ¢, determined by the
new method. Given segA and seqB, the function returns a constant for the relationship
Kp = ¢x K4. The function currently requires the sequences of the primer and probe, but it

can easily be modified to return a constant from only their lengths.

getNewConstant <- function(seqA, seqgB) {
nA <- nchar(seqgA)
nB <- nchar(segB)
C <- sqrt(nB / nA)
return(c)

}

fpredbFtagmanmod1(...)

The fpredbFtagmanmodl function was modified to allow for testing of the different

versions of the code.
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old.

fpredbFtagmanmodl<-function(S00, Kf, KD, KprimerS) { ... }

New.

fpredbFtagmanmodl<-function(S00, Kf, KD, KprimerS, version = versionGlobal) {

if(version == 0) {

KprobeS <- KprimerS # Assume KprobeS KprimersS

} else
if(version == 1 || version == 2 || version == 3) {
KprobeS <- (constant * KprimersS) # Assume KprobeS = c * KprimerS
}
-}

Other Modifications

The createstartvaluesmodl and nmolplotgenmodl functions were both heavily
modified to allow the code to run differently based on the specified version.

Error Handling. The nlsLM function in the results generating file is particularly
prone to errors. This section of the results generating file was wrapped in a separate
error-handling function that utilized a tryCatch function to handle any errors. Each
version /truncation run has an error log. If an error is caught the rep which caused it is
removed from the results and the error is added to the error log. If any error is caught
during the run, the error log for the version/truncation run is exported to a text file at the
end of the run. This allowed for numerous runs on various versions and with different

truncations of the dataset without stopping for nlsLM errors.
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CyplB1

Model 1 was tested with the same data set—CyplB1 (Smith, Miller, Kohn, Walker,
& Portier, 2007)—that was used for testing Model 2 during the Fall 2018 semester. Three
replicate PCRs were performed on solutions with 102, 10%, 10, and 10° initial target DNA
molecules for a total of 12 PCRs on the Cypl1B1 gene. The sequence of the forward primer
was "GCCAGCCAGGACACCCT", the sequence of the TagMan probe was
"CGCTTGCAGTGGCTGCTCCTCCT", and the annealing temperature was 60°C (Smith
et al., 2007).

DNA Template/Target DNA

The Smith et al. (2007) paper indicated that the CyplB1 template was a section of
c¢DNA that had been reverse-transcribed from an mRNA sequence. Results from a
Primer-BLAST (Ye et al., 2012) query using the the complete coding sequence of the
CyplBl1 gene (Sutter et al., 1994) and the forward and reverse primer sequences specified

in the Smith et al. (2007) paper indicated that the product was 97 base pairs long.

Constant Multipliers for Cyp1B1

The value of the constant multiplier for the Cyp1B1 dataset was determined using
both the old and new method. The old method yielded a constant multiplier of

0.000157014, while new method yielded a constant multiplier of 1.16316.

Results

The two constant multiplier methods and various truncations of the data set were
tested. Due to poor performance for all versions, the old constant multiplier method and

the use of the full data set were not considered when comparing the versions.
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Data Truncation

Three different truncations of the Cyp1B1 dataset were used. The L cut-off values
were: 1, 0.8, and 0.45. These L values are used to restrict the model fit to only part of the
curve. The entire curve is fit at L = 1; decreasing the value of L further restricts the model
fit. However, all versions of the code performed very poorly when using the the full data
set. The estimates for the un-truncated data were much worse than estimates using the

truncated data
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and the fit of the fluorescence curves to the full data set was also very poor:
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Given the poor performance of the code on un-truncated data, the performance of the

different versions of the code was evaluated using only truncated values (L = 0.8, L = 0.45).
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Constant Multiplier Method Comparison

The performance of the two constant multiplier methods was evaluated using the
same truncated (L = 0.8) data. Only the results for versions which use a constant

multiplier relationship are shown.

Old Constant New Constant
C =0.000157014, L=0.8 C=1.16316, L=0.8
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act vl v2 1 2 3 act v1 v2 1 2 3
v2 =1.053e+12 v2 = 2.68e+09

Based on these results, only the constant from the new method was used when

evaluating the performance of the different versions.

Elapsed Time

The time elapsed was not recorded for most runs. However, it was recorded for the
old constant run with L = 0.8 for version 1 and version 2 of the code. Version 1, which
estimated Kp took apprximately 4 hours and 15 minutes to complete. Version 2, where Kp

was given, took approximately 30 minutes.
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Result Plots
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Version Comparison

v0 vs. v1
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Estimated nmols
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Fit to qPCR Curve
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Molecule Concentration
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Conclusions

The version of the code which used the constant multiplier and given Kp value
performed about the same as or better than the versions which estimated Kp and in a
much shorter amount of run time.

The old constant multiplier method performs more poorly than the newer method,
which suggests that the length of the primer and probe are more important than their
specific sequences or the annealing temperature.

All versions of the code performed poorly when using the full, un-truncated data set.
The manufacturer of the enzyme kit used in the Cypl1B1 data set suggests that the enzyme
may be a limiting factor and cause for the poor fit at later cycles.(Thermo Fisher Scientific,
n.d.) Including the amount of enzyme in the model may improve the fit to the curve and

estimate of initial target concentration.
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