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A quick introduction to 
microarray technology

What?

Why?

How?



What is a microarray ?

Gene A

Gene B

Gene C

etc….

Microscopic slide

Specific
DNA-probes



Evolution of microarrays
Multiple Northern blots

Macroarrays (spotted cDNAs, nylon filters, ~1000 genes)

cDNA microarrays (Pat Brown; cDNA probes > 200 nt, 
PCR produced; attached to glass support)

Oligonucleotide arrays (oligos ~50 – 80 nt; attached to 
glass support; 10 000+ genes)

Todays technology
e.g. Illumina Bead arrays; 50 nt probes; 
1 000 000s of probes

Next-generation; single-molecule sequencing



Why use microarrays ?

Each cell type expresses ~ 10- 20 000 genes

Physiological and pathophysiological responses are
linked to changes in gene expression

Knowledge of gene expression variation at different
states may create new hypotheses about gene function
and underlying mechanisms



Functional genomics

Biology Genomics

Cell culture

Organ

Organism

~ 30 000 genes

DNA sequence

Protein sequence

Which genes are
involved in a given 
biological process?

What are their
functions?



Functional genomics

Biology Genomics

Cell culture

Organ

Organism

~ 30 000 genes

DNA sequence

Protein sequence

Which genes are involved in a 
given biological process?

What are their functions?

High-throughput
analyses

Parallell analysis of 1000s of
genes and proteins



High-throughput analyses

Gene expression (gene activity)

Sequence variations (SNPs/mutations)

Chromosome copy numbers

DNA-binding proteins

DNA methylation

Protein profiles



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

2

Secondary data analysis
Differential expression
Pattern recognition
Functional characterisation
Knowledge integration

Biological interpretation 
or discovery

3



Experimental design

What to compare: Groups?, Timeseries?

How many samples? 

How many biological replicates? 

Do we expect big changes in gene expression?

Sampling/Extraction



Wet lab experiment

AAAAA
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RNA
Reverse

Transcription

In vitro
Transcription

and 
Labelling

Fragmenting

Hybridisation
Raw Data

cDNA Labelled
cRNA
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Quantitate



Scanning

Photomultiplier
tube (PMT)

Excitation
of dyes

Emission of
fluorescence

Signal detection, 
amplification, 
digitisation

Data storage, 
analysis

Laser



Image analysis

Gridding / addressing:
Add coordinates to each of the spots

Feature extraction:
Measure foreground & background signals
Quality measures

Filtration: Remove ‘bad’ spots and noise



Data Pre-processing

Filtering: 
• Low intensity spots (signal to noise)
• Bad quality spots

Normalization: 
• Arrays needs to have a similar signal 
distribution to be comparable

Missing values: 
• Filtering leaves missing values, 
these has to be replaced

Log transformation: 
• To variansstable the microarray data



Secondary data analysis

Differential expression: 
• ANOVA
• SAM

Pattern recognition
• Clustering

Functional characterisation: 
• Pathway analysis/GO

Knowledge integration : 



Tools for data analysis

J-express



Tools for data analysis

R/Bioconductor

TMeV



Validating

Some of the genes found differentially expressed
should be validated using Real- Time PCR. 

Do not only validate genes on the top of the list but
some further down as well. 



Publication

Many journals demand that microarray data should be 
stored in public repositories such as ArrayExpress or 
GEO. 


