
Introduction

To study changes occurring between different sample groups in a biological 

system, a number of approaches can be employed during the process of 

experimental design. With the application of statistical analysis to the 

experimental results it is then a relatively easy task to identify significant 

changes occurring between experimental groups. However, it is often not 

clear which of those changes are related to technical or other non-biological 

factors. The ability to easily regroup analysed experimental images, as well 

as categorising interesting features within each grouping, allows the 

researcher to discover and therefore discard any non-biological changes.

Taking an existing study based on the comparison of 2D PAGE protein 

patterns across 4 biological conditions, the validity of the original 

experimental design was investigated using Progenesis SameSpots v3. 

Using the ability of the analytical software to handle multiple groupings of the 

original experimental image data and also its capacity to assign multiple 

categories or tags to detected spots in the experiment, the original findings of 

the study were re-explored.

Experimental Data

For this study two sets of four DiGE gels were used on which were run two 

replicates each of four treatment conditions. The two experiments are based 

on the same biological samples (control and three treatments) and the details 

of which treatments were run with which dye and on which gel is given in 

Table 1.

Defining Experimental Groups

The standard analysis approach would be to simply define groups based on  

treatment and then for example, pick and identify those spots that have been 

highlighted as changing significantly. However, if you also define groups 

based on gel and dye (for DiGE) or batch, lab, operator, etc., you can 

investigate the effects on your data of each of these factors.

Flexible grouping allows access to complex data exploration. The present 

example looks at a DiGE experiment, investigating the effects of dye and gel.

Statistically significant changes were explored within the three defined 

groupings: treatment, dye and gel. (Figure 1)
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Assigning tags

Assigning tags to spots allows you to permanently mark the spots with one or 

more markers, thus categorising the behaviour of those proteins that the 

spots represent (Figure 2). Moving between the three groupings allows 

categorisation of the same proteins reflecting their behaviour in response to 

the three different factors under investigation.

Proteins can have more than one tag assigned, indicating that particular 

proteins have displayed a significant change in more than one of the 

groupings. For example, spot 137 (Figure 2) shows a significant change 

between both treatments and dyes. In the case where the biological 

replicates have been run with the same dye, the reported difference could 

actually be dye-related rather than a consequence of the applied treatment.

Filtering

The final stage is to use the assigned tags to filter out all of those proteins 

that are not directly related to the treatments under investigation. This leaves 

a list of proteins that are solely affected by the treatments and not technical 

influences.

This process identifies where technical influences may be affecting the 

validity of results. It can assist in highlighting issues with the initial design of 

the experiment, environmental factors or other non-biological effects. 

Results

The experimental setup and significant spot count from the two experiments 

are shown in Table 1. The first has no dye-swapping and pairs of sample 

replicates have been run on the same gels. The second set has some dye-

swapping and replicates have been run on different gels. In this context, 

significant means those spots exhibiting an ANOVA p Ò 0.05.

In the first data set, 230 spots of the 420 identified as exhibiting a significant 

change may in fact result from dye or gel related effects. In the second set, 

the design of the experiment has gone some way towards cancelling out 

potential technical issues, therefore reducing the number of disputed spots in 

this case to only 11.

Of course, these other spots should be investigated further in case there is 

more at play than just technical effects, but this approach focuses initial 

inspection on those spots which seem more likely to reflect biological 

changes brought about by the different drugs on trial.

Conclusions

Results attained from any given biological experiment will always reflect the 

initial design of that experiment. It is therefore important, particularly with sets 

of images where original samples are no longer available, to be able to 

investigate all the systems at work within the experiment, for example dye, 

lab and of course treatment.

Adopting such a structured approach, as outlined above, increases 

confidence that when significant differences have been isolated, they are 

reflective of the biology and not some other aspect of the design.

Figure 1: Setting up 

multiple experimental 

groupings.

Gels Experiment 1 Experiment 2

Control 1 & 2 1 & 3

Drug A 3 & 4 2 & 3

Drug B 1 & 2 1 & 4

Drug C 3 & 4 2 & 4

Dyes

Control Cy3 Cy3

Drug A Cy3 Cy3 & 5

Drug B Cy5 Cy3 & 5

Drug C Cy5 Cy5

Spots

Total number of spots 1715 1560

Significant by treatment 420 152

Significant by gel 391 135

Significant by dye 155 77

Significant by treatment only 190 145

Figure 2: Assigning tags to significant spots

Figure 3: Filtering the spot list by tag.

Table 1: Experimental design and significant spot count
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