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Microarray Technology (MA)Microarray Technology (MA)

�� Microarray or GeneChip technology has Microarray or GeneChip technology has 
revolutionised the way biologists ask revolutionised the way biologists ask 
questions about the genome.questions about the genome.

�� Microarrays allow for the simultaneously Microarrays allow for the simultaneously �� Microarrays allow for the simultaneously Microarrays allow for the simultaneously 
analysis of thousands of genes.analysis of thousands of genes.

�� Thus, wholeThus, whole--genome gene expression genome gene expression 
profiles can be generated.profiles can be generated.

�� Numerous application: hypothesis Numerous application: hypothesis 
generation, diagnostics, gene discovery.generation, diagnostics, gene discovery.



Basic procedureBasic procedure

1) Preparation of RNA or DNA sample
2) QC
3) Amplification, hybridisation and labelling
4) Laser guided Scanning of Chips to measure signals
5) Data analysis 



Principle of MA TechnologyPrinciple of MA Technology



MicroarraysMicroarrays



Microarray SubstrateMicroarray Substrate



Features/Fields/Spots/ProbesFeatures/Fields/Spots/Probes





Data AnalysisData Analysis

�� FDA performed extensive investigation into the FDA performed extensive investigation into the 
validity of microarrays. Results were positive and validity of microarrays. Results were positive and 
lead investigators conclude that the largest lead investigators conclude that the largest 
determinant of reproducibility was data analysis. determinant of reproducibility was data analysis. 

�� Modern arrays have up to 2.5 million probes.Modern arrays have up to 2.5 million probes.�� Modern arrays have up to 2.5 million probes.Modern arrays have up to 2.5 million probes.
�� Analysis of this dimensionality of data is complex Analysis of this dimensionality of data is complex 

and fraught with pitfalls.and fraught with pitfalls.
�� Earlier studies employed erroneous statistics.Earlier studies employed erroneous statistics.
�� Recent methods have greatly increased Recent methods have greatly increased 

stringency.stringency.



Outline of analysis stepsOutline of analysis steps
�� ScanningScanning

�� Intensity generationIntensity generation
�� PrePre--processingprocessing

�� Gene selection/Expression analysis Gene selection/Expression analysis 
�� Biological interpretationBiological interpretation

�� Possibly exploratory statisticsPossibly exploratory statistics

And of course QA throughout analysis!And of course QA throughout analysis!



Spot callingSpot calling



QA of Microarray DataQA of Microarray Data



�� Adjusting data to compensate for experimental Adjusting data to compensate for experimental 
differences (also known as systematic differences (also known as systematic 
measurement errors) and technical differences measurement errors) and technical differences 
so that we can make accurate assumptions.so that we can make accurate assumptions.

�� We are not interested in these differences (i.e. We are not interested in these differences (i.e. 

NormalisationNormalisation

�� We are not interested in these differences (i.e. We are not interested in these differences (i.e. 
Not biological).Not biological).

�� Compensating for dyeCompensating for dye--bias is an example of bias is an example of 
normalisation.normalisation.

�� The general assumption of microarray data is The general assumption of microarray data is 
that most genes do not differ. that most genes do not differ. 



�� Position on the slide or chipPosition on the slide or chip
�� Dye biasDye bias
�� Labelling methodsLabelling methods

Sources of errorSources of error

�� Technician errors or variabilityTechnician errors or variability
�� Total RNA content Total RNA content 
�� Environmental conditionsEnvironmental conditions
�� Probe specific affinityProbe specific affinity



Within

Between



Linear Data

Log TransformationLog Transformation

Log Data



IntraIntra--chip Normalisationchip Normalisation



InterInter--Chip NormalisationChip Normalisation



Gene selectionGene selection

�� Differentially expressed genes are generally Differentially expressed genes are generally 
identified by variance as well as absolute identified by variance as well as absolute 
changes in expression i.e. fold changes.changes in expression i.e. fold changes.

�� One colour vs. two. One colour vs. two. �� One colour vs. two. One colour vs. two. 



MultipleMultiple--Testing CorrectionTesting Correction

�� Due to the large no. of simultaneous Due to the large no. of simultaneous 
question asked, one needs to adjust pquestion asked, one needs to adjust p--value value 
cutcut--offs.offs.

�� If pIf p≤ 0.05 then 10 000 genes will generate ≤ 0.05 then 10 000 genes will generate �� If pIf p≤ 0.05 then 10 000 genes will generate ≤ 0.05 then 10 000 genes will generate 
500 results simply by chance.500 results simply by chance.

�� Thus multipleThus multiple--testing correction is essential.testing correction is essential.
�� Method of choice= False Discovery Rate Method of choice= False Discovery Rate 

(Benjamini(Benjamini--Hochberg). Hochberg). 



Two Colour Gene Expression AnalysisTwo Colour Gene Expression Analysis



Functional EnrichmentFunctional Enrichment

�� Highly necessary for validation of results and must Highly necessary for validation of results and must 
be included.be included.

�� Involves comparing the list of differentially Involves comparing the list of differentially 
expressed genes to gene lists from the genome expressed genes to gene lists from the genome 
under investigation and testing for over/underunder investigation and testing for over/under--under investigation and testing for over/underunder investigation and testing for over/under--
representation of specific gene ontology (GO) representation of specific gene ontology (GO) 
terms. terms. 

�� This enables researchers to ID GO terms and This enables researchers to ID GO terms and 
biological functions that are important in their biological functions that are important in their 
study.study.

�� Also serves to validate that results are meaningful.Also serves to validate that results are meaningful.
�� The same applies for pathway analysis.The same applies for pathway analysis.



Gene Ontology ResultsGene Ontology Results



Pathway AnalysisPathway Analysis



RecommendationsRecommendations

�� All data quality checks according to All data quality checks according to 
manufacturer specifications must be manufacturer specifications must be 
observed.observed.

�� Normalisation for intra/interNormalisation for intra/inter-- sample sample �� Normalisation for intra/interNormalisation for intra/inter-- sample sample 
variability must be applied.variability must be applied.

�� Multiple testing correction is essential.Multiple testing correction is essential.
�� Differentially expressed genes must be Differentially expressed genes must be 

assessed for enrichment of biological assessed for enrichment of biological 
properties.properties.



Data Analysis RecommendationsData Analysis Recommendations
Scanning- Manufacturer Specifications

Normalisation Inter/Intra Variability

Statistical Testing q-value ≤ 0.05

QA

Functional Enrichment- FDR correction included

Pathway Analysis- FDR correction included

Fold Change ≥ 2
QA


