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1. Abstract
Quantitative proteomics investigates cellular mechanisms at a molecular level by measuring the 
relative differences in protein expression under different experimental conditions. All comparative 
experiments are subject to many degrees of variation such as technical noise and biological 
variation. The ability to detect an expression change with univariate statistical tools e.g. Student’s t -
test depends on the power of the experiment.  Without sufficient power, false negatives will be 
commonplace, leading to loss of valuable information.  Power depends on the noise within the 
experiment, number of replicates, confidence threshold used and the size of the expression change. 
The technical noise for a 2D fluorescence difference gel electrophoresis system for both minimal-
CyDyes and saturation-CyDyes were measured to calculate the power for a given experimental 
design. The underlying assumptions for the tests were investigated.   From this study 
recommendations for the design of future expression experiments are made with 
consideration of the sensitivity of the study.
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5. Conclusions
•The underlying assumptions used in the statistical tests were found to hold both for saturated and 
minimal CyDyes.

•Significant improvements in the ability of an experiment to detect a change can be achieved by the 
addition of replicates.  Consequently, consideration of power have significant benefit to expression 
studies to avoid wasteful experiments.

•The technical noise for Sat-CyDyes was higher than Min-CyDyes, consequently more replicates are 
needed when utilising these dyes. As the Min-CyDyes has three dyes, the standardised abundance can 
be calculated in a variety of manners.  The current recommendation has higher noise, but overall the 
cost is not increased.  

4.4.  Comparison of Sat- and Min-CyDye sensitivity. 

3.Methods
•Technical noise was assessed by running the same sample in a series of DIGE gels.  Any difference 

in standardised abundance (log volume ratio) thus arises from technical noise. 

•Both Saturated-CyDyes and Minimal-CyDyes were used following manufacturers 
recommendations with one dye used as the internal standard (Alban et al.2003). Gel analysis was 
performed using DeCyderTMV5 . 

•For spots which were matched across all the gels and had a master spot volume greater than 5x10 4

the standardised abundance were exported and used to estimate the noise. 

•A program, shown below (available on the web, Lenth2001), was used to calculate the power for 
various scenarios using the technical noise measured.  

2. Background
• Power is the probability of detecting a change

• It depends on: 

4. Results

4.1  Testing the assumptions underlying the  univariate tests 
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4.2. Role of power in experimental design 

1. Normality

•Visually with Q -Q plot (straight line indicates normality)
•Mathematically with the Kolmogorov-Smirnov and 

Shapiro-Wilk tests  
•>95% of spots passed these tests

The figure highlights the role of replicates in the power 
of an experiment to detect a 1.5 fold change with 
saturated dyes with a 0.05% confidence.  The noise 
value chosen encompasses 86% of spots. 

A: With three replicates only 30% of experiments 
will detect the change as significant.  

B: For the target power of 80%, eight replicates are 
required. 

4.3. Minimal CyDyes  

- calculating  the standardised abundance 

• Different approaches to calculating the 
standardised abundance give different levels 
of technical noise. Using the standard 
approach, dividing either Cy3 or Cy5 spot 
volume by Cy2, gives the highest noise. 

• The graph shows the power for different 
methods of calculating the standardised 
abundance in detecting a 1.5 fold change with 
0.05% confidence for a noise level which 
encompasses 86% of spots.

• When considering power for a 1.5 fold 
change, the standard method was the best 
approach as it used the least number of gels 
and no more dye aliquots than any other 
method.   

Comparison of Min- and Sat-CyDyes to detect a 1.5 fold change with 0.05% confidence 
when using technical noise which encompasses 86% spots’ noise. 

2. Equivalence of variance

•Whilst the noise was found to increase slightly with 
lower spot volume. The large scatter suggests the 
variation in noise is arising from some other 
effect(s).

•For a typical change in expression (e.g. 2 fold) the 
change in spot volume would not change the noise 
seen, thus the variance across the two groups should 
remain the same. 

For the target power of 0.8:

Min-CyDyes needs 4 replicates 

Sat-CyDyes needs 8 replicates  

System Replicates 
required for 
power of 0.8

Number of gels 
required

Number of dye 
aliquots 
required

Cy3/Cy5 3 6 12

Cy3/Cy2 4 8 16

Cy5/Cy2 3 6 12
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• Expression changes are only detected if statistically significant.  False negatives are expression 
changes that are not detected. 
•A high power means the rate of FALSE negatives (missed expression changes) is low.

Confidence (a )

Standard 
deviation

Number of replicates

Effect size: 

Log(fold change)
Expression can 
increase or decrease Power


