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Workflow microarray experiment

Problem-driven 
experimental design

RNA labelling

Microarrays
Hybridisation
Washing 
Scanning

Image analysis
Gridding
Feature extraction

Raw data

Wet-lab 
experiments

1 Data pre-processing
Filtering
Normalisation
Transformation
Missing values,…

Gene expression table
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Secondary data analysis
Differential expression
Pattern recognition
Functional characterisation
Knowledge integration

Biological interpretation 
or discovery
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Data pre-processing

Convert raw intensities to meaningful 
biological data;

Summarise image analysis results

Assess quality of resulting data

Remove bias from technical sources
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Image analysis result 
files (one per sample)
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Gene expression table



Gene expression table

Tissues / conditions

G
en

es

Normalised signal 
(i.e. expression level) 
of one gene in one tissue



Different levels of quality control

• Array level
– Assess each spot and surroundings
– Making plots before and after preprocessing

of arrays

• Experiment level
– Comparing all arrays to identify outliers and 

batch effects



Useful plots
Density plots;
Intensity distribution
within one array or 
between arrays

Scatter plots;
Compare intensities
of two arrays or two
channels

MA plots;
Ratio vs intensity
(2-channel arrays)



More useful plots

Box plots;
Intensity 
distributions 
across arrays

Density plots;
Intensity 
distribution of 
experiment



Filtering

Used to remove spots that will bias or add random
noise to the results

Low intensity (based on signal to noise ratio) or bad 
quality (saturated signal, dust, ...) spots in particular

Removal of bad quality spots introduces ”missing 
values” for some of the genes, these can be estimated
from the remaining good quality spots (e.g.LSimpute)

Can be used as quality control; percentage of spots 
lost indicates overall array quality

Some softwares allow use of weights on spots instead
of filtering. This leaves no missing values



Log transformation

• It is preferred to log 2 transform both one
channel and two channel data.

• For 2 channel arrays log 2 transformation
makes the ratios symmetric about 0, such
that spots with red > green intensity have 
positive values and spots with red < green
intensity have negative values



Log transformation

Variance
proportional

to signal

Data have 
extreme value

distributed

Less variance
at higher
intensities

Data have  distribution
that have moved

towards normal 
distribution (In ideal 
world perhaps they
would be normally

distributed?)



Normalisation

• Within slide normalisation
– To account for systematic variation in 

measured dye intensity due to hybridisation
preferences

• Between slide normalisation
– To ensure slides are comparable
– Can be performed on both 1 and 2 channel

arrays



Two-channel normalisation
Reasonable Assumption: 
For two colour arrays, in a self self hybridisation, we expect that for each spot, 
the intensity in the red channel = that of the green channel

Problem: 
This is not necessarily true due to labelling effects, chemistry (dye properties), 
scanner properties, etc

Dye Bias in Two-channel microarrays: 
Intensity in one channel (green; Cy3) may be higher than the other (red; 
Cy5)
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Normalisation - Median

• Assumption: Changes roughly symmetric
• First panel: smooth density of log2G and log2R.
• Second panel: M vs A plot with median put to zero



Lowess normalisation
Locally Weighted Least Square Regression

Assumption: 
Variation in data is intensity dependent. 

Smoothes the intensity function.

Typically applied to M-A plots

Before After





Between array normalisation
We assume that the intensity distributions across arrays are the same

This is not always (never?) the case

Intensity distributions need to be similar for the arrays to be 
comparable



Mean normalisation



Quantile normalisation



Normalisation Methods
Centring and Scaling

• Data is scaled to ensure that the means and the standard deviations 
of all of the distributions are equal. For each measurement on the 
array, subtract the mean measurement of the array and divide  by
the standard deviation. Following centring, the mean measurements 
on each array will be zero, and the standard deviation will be 1



Summary

• Filtering – remove bad quality spots
• Log 2 transformation – variance stabilisation
• Imputation – estimate missing values
• Normalisation – remove systematic variation and 

make arrays comparable
• Look at box plot / density plots and scatter plots 

before and after normalisation
• Next:

– Outlier detection and checking for batch effects


