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Would you exclude one of these curves 
from your data analysis?
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Which curves would you exclude here? 
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The Problem:
Quantification is based on distance between curves 
assuming similar kinetics between compared curves
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139. 
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To see if the kinetics are similar, compare 
the slopes of the curves!
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Where to fit?
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Where to fit?
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Where to fit?
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Where to fit?
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Where to fit?
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Signal

PCR kinetics

• Efficiency changes 
during the reaction.

• variability in 
estimated efficiency
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Precision of efficiency estimation 

Stand1 LinReg2 DART3 SoFAR4 4P5

Rotogene 0.076 0.102 0.118 0.076 0.071 
LightCycler 0.036 0.043 0.034 0.055 0.044
iCycler 0.067 0.134 0.146 0.098 0.055

Total 0.062 0.101 0.11 0.081 0.058

1Tichopad et al., NAR 31(20): e122
2Ramakers et al., Neurosci. Lett., 339, 62–66 
3Peirson et al., NAR 31(14): e73
4Wilhelm et al., BioTechniques 34, 324-32
5Liu & Saint, Biochem. Biophys. Res. Commun. 294(2), 347-53

Median SD (E) 
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High SD(Eff) is useless for kinetics 
outlier detection

Efficiency=0.9
Cycle of threshold= 29
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• Define a reference set consisting of well 
performing samples, usually the standard 
curve samples.

To identify outlying PCR

Step 1:
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High reproducibility – CTs are similar 



Integrated solution for real-time PCR data warehousing and analysis

Low reproducibility – CTs are different

-1

-0.5

0

0.5

1

1.5

2

2.5

3

3.5

-5 5 15 25 35 45 55



Integrated solution for real-time PCR data warehousing and analysis

• Characterize the kinetics of each 
amplification curve by several 
parameters (automated).

Step 2:
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Step 3
• Test the reference set for PCRs with 

outlying kinetics 
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Step 4

• Test each unknown PCR vs. reference set
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Experiment:
Detection of inhibited PCR

• Reference set – a standard curve consisting of 
15 PCRs with no treatment

• Test samples – 5 sets of 15 PCRs each inhibited 
with elevated concentrations of competimers.

• Competimers – primers blocked at the 3’ end
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Ability of Kineret to detect kinetics outliers
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Kineret vs. other methods
% of outliers detected

Competimers [%] No 
inhibition

1 2 4 8 16

Average deviation of CT 0 -0.066 0.030 0.152 0.347 0.469*

Bar et al.  (1) 7 27 33 13 7 13

Chervoneva et al.  (2) 0 7 0 14 7 0

Kineret 14 67 33 27 80 100

n = 15

* Significantly different Ct values (one-tailed t-test, alpha=0.05).

1. Bar T, Stahlberg A, Muszta A, Kubista M. (2003). Nucleic Acids Res. 31, e105

2. Chervoneva I, Hyslop T, Iglewicz B, Johns L, Wolfe HR, Schulz S, Leong E, Waldman S
(2006). Anal Biochem. 348, 198-208.
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Multivariate vs. univariate outlier detection

Upper/Lower 
Fence=upper/Lower 
Quartile + 3 * Interquartile 
Rang

Interquartile Range = Upper 
quartile - Lower Quartile
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Example of poor reference set
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Garbage in… garbage out
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Changing the reference set (same 
experiment)
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Improves the kinetics outlier detection
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Kineret makes kinetics outlier detection 
a useful tool

Efficiency=0.9
Cycle of threshold= 29
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CT outlier detection

• Use experimental design to recognize outlying 
replicates.

Example: replicates are marked with same color.

CT values

Intersect Kinetics Outlier Detection with CT outlier detection
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Kineret work flow

Import data

Enter/Create project

Enter/Create session

Set experimental 
design

Inter-run 
Calibration

QuantificationReference 
gene selection

Log in

Sample 
validation

Statistical 
analysis
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Summary
• Analysis of PCR data should start with validation of 

individual samples

• Validation should consider both kinetics and CT

High quality standardized real-time PCR job
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