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qpcR: An R package for real-time PCR analysis



Advantages/Disadvantages of R
Pro´s
• very flexible
• implementation of new

methods is fast
• code inspection: what is

happening with my data?
• fast algorithms (many

functions call C routines)
• customized plots and

functions
• can import many different

data formats (tab, csv,
Excel etc)

Con´s
• steep learning curve
dat <- read.delim(…)
X <- matrix(rnorm(1000), nrow = 100)
mod <- lm(y ~ x)
barplot(X, breaks = 100)

• no „click and calc“
• basic knowledge of

program structures is
feasible

But…
qpcR has simplified
functions for the user:
res <- pcrfit(dat, 1, 2, l5)



propagate: different approaches to
qPCR error analysis

Monte-Carlo
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Monte-Carlo

2.72 4.48 7.39 12.18

Permutation

2.72 4.48 7.39 12.18

Error propagation

2.72 4.48 7.39 12.18

propagate: averaging the efficiencies over
the replicates improves confidence intervals!

0.2% error in E
0.02% error in ct
2.5% 0.048 0.045 -0.049
97.5% 0.626 0.652 0.395

0.02% error in E
0.2% error in ct
2.5% 0.078 0.077 0.036
97.5% 0.369 0.380 0.307

…or keep efficiency
variance low:



One way to get good efficiency estimates:
5-, 6-, 7-parameter sigmoidal models (1)
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AIC = -114.73
Rsq = 0.999824

AIC = -120.27
Rsq = 0.999855

Rutledge et al. (2004) Spiess et al. (2008)
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One way to get good efficiency estimates:
5-, 6-, 7-parameter sigmoidal models (2)

AIC = -141.33
Rsq = 0.9999128
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AIC = -166.00
Rsq = 0.9999513

qpcR 1.3 - 4 qpcR 1.3 - 4



R2 is inadequate for measuring
the sigmoidal model´s goodness-of-fit

Spiess & Neumeyer, BMC Bioinf (2010)
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One way to get good efficiency estimates:
5-, 6-, 7-parameter sigmoidal models (3)
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expcomp: automatic comparison of the
models in the crucial exponential region
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model RMSE
"expGrowth" 0.002663578
"b6" 0.01679089
"b7" 0.01769595
"l6" 0.01815866
"l7" 0.01876456
"b4" 0.02969948
"b5" 0.0414908
"l5" 0.04742501
"b3" 0.05412748
"l4" 0.0812357
"l3" 0.1196964



Implementing the mechanistic mak2 model
from Boggy et al. (2010)

dP
dt

= −kaH *P * S + kdH *PS

dS
dt

= −kaH *P * S + kdH *PS − kaDS
2

dPS
dt

= 0 = −kaE * E *PS + kdE *PSE + kaH *P * S − kdH *PS

dPSE
dt

= 0 = −kcat *PSE + kaE *PS − kdE *PSE

dD
dt

= kcat *PSE + 1
2
kaDS

2

Dn = Dn−1 + k ln 1+ Dn−1
k











Implementing the mechanistic mak2 model
from Boggy et al. (2010) …and mak3

Dn = Dn−1 + k ln 1+ Dn−1
k


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
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mak2

Dn = Dn−1 + k ln 1+ Dn−1
k



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

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mak3

+ a*Dn
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Performance of mak2/mak3 in
dilution curve analysis
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mak2/mak3 offer ratio calculation without
threshold cycles and efficiencies!

(But slightly different results...)
E1ct1

E2ct2
D01
D02

Monte-Carlo

6.05 7.39 9.03 11.02 13.46 16.44 20.09

Permutation

6.05 7.39 9.03 11.02 13.46 16.44 20.09

Error propagation

6.05 7.39 9.03 11.02 13.46 16.44 20.09

Monte-Carlo

9.03 9.97 11.02 12.18 13.46 14.88

Permutation

9.03 9.97 11.02 12.18 13.46 14.88

Error propagation

9.03 9.97 11.02 12.18 13.46 14.88



maxRatio: model-free cubic spline fitting
of qPCR data (Shain et al., 2008)
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The tilted threshold line: Improvement
over its horizontal counterpart ? (1)
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Rsq: 0.96427

Eff: 1 .82



The tilted threshold line: Improvement
over its horizontal counterpart ? (2)
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