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Requirements

• Experimental design should:
– be defined before the experiment starts
– address a hypothesis
– be as simple as possible
– contain minimum number of factors that are not under 

control
– be technically and economically feasibly
– result in a practicable statistical test 



Variance in data
The total variance of the data has three contributions:

Treatment 
variance

The difference 
between groups.

To increase:

•Sample randomly

•Take large sample

Processing 
variance

Individual 
biological 
variance

Due to sample 
handling:

•Sampling

•RT

•PCR

Each subject is 
different.

•Different baseline 
expression

•Different response to 
treatment

To decrease:

•Use replicates

•Normalize internal 
standard

To decrease:

•Use repeated 
measurements

• Normalize to control 
group

Confounding variance Studied variance



qPCR experiment

• Good experimental design should minimize the confounding 
variance and maximize the treatment variance

• Consider whether the experiment can be based on repeated 
measurements.
– If control samples and samples after treatment can be taken 

from the same subject confounding biological variance is 
reduced

• Most experiments can be designed as a comparison of two 
group.
– Even if more groups are studied, analyses typically ends up 

by using post-tests for pair-wise comparisons after initial 
analysis by eg. ANOVA.



Hypothesis

– Hypothesis is the suggested explanation for some 
phenomenon

– Is the explanation correct or not?
– Set the probability level alpha
– One-tailed or two-tailed?

– Examples:
1. The expression of alpha synuclein in Cerebellum is different 

between healthy and Parkinson patients. 
2. The expression of alpha synuclein in Cerebellum is lower in 

healthy patients than in Parkinson patients.
3. The expression of alpha synuclein differs between regions of 

brain.
4. The expression of alpha synuclein increases with age.



Define variables

– What variables will be explained?
• Select the candidate gene before the experiment

– What variables will be explanatory?
• Nominal variables: Treatment type, Method of extraction ….
• Metric variables: Dose, Age, Time point ….

– Examples:
• The explained variable is the expression of alpha synuclein transcript 

normalized to the expression of GAPDH and the explanatory variable is 
the disease status (healthy / ill)

• The explained variable is the expression of alpha synuclein transcript 
normalized to the expression of GAPDH and the explanatory variable is 
the brain region (Cerebellum, Medula oblongata….)

• The explained variable is the expression of alpha synuclein transcript 
normalized to the expression of GAPDH and the explanatory variable is 
the age



Design experiment

– Define population
– Define statistical sample (a subset of the population that will be 

investigated)
• The sample should represent the population

– Classify subjects in the sample (e.g. healthy vs. ill patients, time points of 
sampling)

• Subjects should be selected or allocated randomly.
– Consider the source of confounding variance and design appropriate 

replicated observations for:
• Subjects
• Treatment
• Sampling
• RT
• PCR

– Consider pairing of subjects and repeated measures to decrease 
confounding variance

– Always minimize uncontrolled effects = minimize confounding variability



Experimental Design 

…….

Subjects

Biological 
samples

RT samples* 

PCR samples 

control treated
Repeated 
measures?

*RT is the main source of variance. Therefore three replicates are built 
for each biological sample to assure more precise mean estimate.



Data pre-treatment

1. Perform quality control of the data (outlier detection)
2. Correct for efficiency variations
3. Compensate for variations between runs (inter-plate 

calibration)
4. Normalize to the same amount of sample
5. Average QPCR technical repeats
6. Normalize with reference genes
7. Average RT technical repeats
8. Calculate relative quantities
9. Calculate fold-changes

Some operations are optional.
Most can be performed in reverse order, but not all



Efficiency correction

E depends on both the gene/assay and the degree of inhibition in
the sample.

For  a series of similar samples one can assume that the PCR 
efficiency only depends on the assay and test this assumption using, 
for example, KOD.

Kinetic Outlier Detection (KOD) in realKinetic Outlier Detection (KOD) in real--time PCRtime PCR, T. Bar et al., Nucleic Acids Research, 2003, Vol. 31, No. 17 , T. Bar et al., Nucleic Acids Research, 2003, Vol. 31, No. 17 
e105 (e105 (www.labonnet.comwww.labonnet.com) ) 
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E is estimated from an appropriate standard curve, response curve, 
in situ calibration, or assumed to be the same as in previous studies.



Interplate calibration

• If data were run in multiple plates, run-to-run 
variation should be corrected for using interplate 
calibrators.

– Interplate calibrators: standard samples present in all 
plates that are analyzed for all genes (MG + RG). 
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Normalization to the amount of sample material

• Normalize samples to the same amount of material 
(volume, number of cells, total RNA etc)

( )concCTCT concconc 21 log+==



Normalize QPRC repeats

• If QPCR repeats were performed they should be 
averaged.
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Normalization to reference genes

• Use only validated reference genes
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http://www.tataa.com/Products/Human-Endogenous-Control-Panel.html



Normalize RT repeats

• If RT repeats were performed they should be 
averaged.
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Relative quantities

CTCT
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– Calculate the relative expression in the different 
samples

CTCT
max
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sample
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Fold changes

• Most statistical and multivariate methods assume Normal 
(Gaussian) distribution. Gene expression is usually Normal 
distributed in log scale.

• Traditionally log base 2 
(log2) is used
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Perform test

– Consider design
– Consider distribution
– Consider data size
– Select appropriate test
– Set the confidence level (consider multiple comparison)
– Make sure that you have the right software available!



Parametric vs. nonparametric test

• Use parametric tests whenever possible!
– Even small groups can be compared (e.g. N=5)
– Make sure that data are approximately normally distributed
– If not try log transformation

• Use non-parametric test if normal distribution is not obtained 
even after log-transformation
– Make sure that you have enough data (N>20)
– The power is weak



Normally 
distributed?

Paired t-test Unpaired t-test

Paired? Paired?

NoYES

Wilcoxon test Mann-
Whitney test

YES No YES No

Normally 
distributed?

YES

Transform with 
log

No

Comparison of 2 groups



One sided vs. two sided test

Is there a significant Is there a significant differencedifference??

A twoA two--tailed ttailed t--test divides the critical test divides the critical 
probability region in half, placing half probability region in half, placing half 
in the each tail. in the each tail. 

Example of tExample of t--distribution for df=10. distribution for df=10. 

Is there a significant Is there a significant increaseincrease??

A oneA one--tailed ttailed t--test locates the critical test locates the critical 
probability into one tail only. The probability into one tail only. The 
critical range is wider. critical range is wider. 



Relative quantification

Download file from: www.multid.se



Statistical comparison

Mean and 95% CI Unpaired 2-sided t-test

(E(RG) = 0.95, E(MG) = 0.90)
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