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Aim of lecture: To get some basic knowledge about the
different applications microarrays are used for 



m
icro

array.n
o

Systems biology – microarray applications

The understanding of a biological 
system requires knowledge of the 
molecular mechanisms involved in 
regulation at:

RNA level

DNA level

• Gene expression

• miRNA expression

• DNA Copy Number

• SNP

Protein level
• chIP on chip

• Protein arrays
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Gene expression

Measuring: RNA in order to find
gene expression changes

Monitoring thousands of genes
simultaneously

Only known genes or ESTs
can be analyzed

Measuring mRNA transcripts in order 
to determine the gene expression
profile in the sample
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Gene expression studies

• Gene affected by a given treatment
• Time series (with and without a given 

treatment)
• Patterns of gene activity (healthy vs. 

control)
• Predicting disease by gene patterns

– Predict outcome of AML disease

– MammaPrint (breast cancer prognosis)

http://www.agendia.com/pages/mammaprint/21.php
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• miRNA are small non-coding RNAs (19-23 
nucleotides)

• miRNA act as regulators that binds to 
complementary sequences in the 3’UTR of a 
target mRNA trasncript

• Over 10 000 miRNAs have been identified in 
a range of species, 940 found in humans

• Estimated that more than 60% of human 
protein-encoding genes harbor miRNA
target sites

Measuring: RNA in order to 
determine miRNA expression
profiles
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miRNA study
Human heart failure

A study og miRNA expression in 67 
human left ventricular heart samples

Out of 87 detected miRNAs, 43 were
differentially expressed in at least one
disease group, suggesting that miRNA
expression is altered in heart disease

miRNA expression pattern is distinct
between diagnostic classes

Ikeda S et al. 2007
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miRNA have shown to be
• Critical in the development of organisms

• Negative regulators of mRNA translation
• Differentially expressed in tissues

• Involved in viral infection processes

• Associated with oncogenes

Potential in miRNA expression profiling
• Insight in gene regulation mechanisms

• Biological subgrouping (diagnosis and prognosis)
• Identification of potential therapeutic miRNA targets
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DNA copy number

An alteration of the DNA of a genome
that results in the cell having an 
abnormal number of copies of one or 
more sections of the DNA

Caused by structural rearrangements in 
the genome such as deletions, 
duplications, inversions and 
translocations

A normal somatic cell has two copies
of each chromosome
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Measuring: DNA in order to find DNA 
copy number changes

DNA copy number changes can be detected using
cytogenetic techniques such as FISH, CGH, 
karyotyping and SNP arrays
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DNA copy number study

Potential in DNA copy number profiling
• Identification of candidate (disease) genes
• Identification of genetic disorders/syndromes

Lybæk et al., clin Genet 2008
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SNP

• SNPs are normally occuring DNA variants 
(markers) located in the genome

• SNPs are DNA sequence variations occuring
when a single nucleotide –A, T, C or G in the
genome differs between members of a species (or 
between paired chromosomes in an individual)

• SNP-genotyping is used to study diseases since
SNP are inheritable. 

• Genotyping is used for identifying novel candidate
(disease) genes and mapping multifactorial
conditions/diseases

Measuring: DNA in order to 
determine the SNP-genotype profile
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Two types of SNP studies

Frequency in population

M
ag

ni
tu

de
 o

fe
ffe

ct
Linkage

Involved studying closely-
related individuals

Identifies large segments of
chromosomes that
segragates together

Successful for identifying
genes in Mendelian traits, 
but not for complex traits

Aaaociation

More powerful in detecting
common genetic variants 
with modest effect sizes, 
given large sample sizes
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SNP – linkage studies

• Linkage study is a method that allows us
to determine regions of chromosomes
that are likely to contain a risk gene, and 
rule out areas where there is a low
chance of finding a risk gene

• The linkage method works by linking a 
given SNP-genotype to a given disease
and thereby to a DNA region containing
the disease causing gene.

• Patients needs to be related to each
other.  
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SNP - Linkage study

• Linkage study identified the
gene causing Cold-Induced
Sweating Syndrome (CISS)

• CISS is a very rare disease and 
has only been detected in 8 
individuals from 5 different
families

• Nan-Therese inherited the
same mutated gene-allele from 
both here parents

Knappskog et al., AM J Hum Genet 2003
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Whole genome association studies (GWAS)

• Association study: Examination of many common gentic variants om diffent
individuals to see if any variant is associated with a trait

• Association studies are used in so-called ”common public health diseases”
as: 
– Diabetes

– Rheumatism

– Heart-/stroke diseases
– Psychological diseases

• Such diseases are ”multifactorial” i.e influenced by both genetic- and 
environmental factors. 

• Therefore association studies requires thousands of patients with a certain
disease and thousands of control samples
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Association studies

• SNP-genotyping of genes involved in 
development of schizophrenia

– 4 718 persons with schizophrenia
– 41 201 control persons

– Individuals included from 10 
countries

• Found deletions that were 12-15 
times more frequent in persons with
schizophrenia than in control persons

• Indicates that the genes located in 
these deletions are involved in 
development of schizophrenia
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Published genome-wide associations
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chIP-on-chip

• chIP-on-chip: chromatin
immunoprecipitation-on-chip

• Immunoprecipitation of
DNA-binding proteins and 
their target DNA sequences

• Regulatory proteins binds 
to promotor DNA regions and 
therby regulate gene
expression

Measuring: DNA fragments that has been
bound to a specific protein
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Goal of chIP-on-chip is to loacalize
proteins binding sites that may help
identify functional elements in the
genome

Promotor regions

Enhancers

Repressors

Silencing elements

Insulators

Sequences that control DNA replication

Some drawbacks

Expensive for genome-wide resolution (need tiling arrays)

Need highly specific antibodies

Resolution (30-100bp)
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chIP-on-chip

• Study of transcription factors and 
gene expression in human   
embryonic stem cells vs. in 
differentiated tissues and cell types

• Identification of target genes for 
three stem cell specific transcription 
factors
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Protein arrays

• Screening of thousands of different
interactions:

– Protein - antibody 

– Protein – protein
– Protein – ligand

– Protein – drug

– Enzyme – substrate

Drawbacks

Antibodies

Different proteins like 
different solution conditions
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Systems biology – microarray applications

Transciptome
• mRNA expression
• miRNA expression
• Splice variance
Genome structure
• DNA copy number
Genome variation
• Single nucleotide polymorphism
• Copy number variations
Proteome
• Protein-protein interactions
• DNA-protein interaction
Epigenetics
• DNA Methylation
• Chromatin structure


