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ClusteringClustering

Genes/samples that behave similarly are 
identified by their expression patterns



ExampleExample
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Graphical representationGraphical representation
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Distance measuresDistance measures

Single linkage
Complete linkage
Average linkage
Centroid linkage 



Color coding and rearrangingColor coding and rearranging



Response to Response to cytochalasincytochalasin--D in 60 D in 60 
cancer cell linescancer cell lines



Principle componentsPrinciple components
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Scatter plot (samples)Scatter plot (samples)



Self organizing mapSelf organizing map



Yeast metabolic pathwayYeast metabolic pathway

Glucose
G-6-P

F-6-P
F-1,6-bP

GA
P

DHAP

1,3-dP-G

3-P-G

2-P-G

PEP

Pyruvate

Invertase 
(SUC2)

TCA

CYC1

Ethanol

The glyoxylate cycle

TPI1

PDC1

ADH2PGK1

ADH1FBP1

Acet. ald

MDH2



Experimental designExperimental design

Four strains of yeast: Wt, Hxt7, Tm6 and Null
Expression over time after glucose addition: 0 – 60 
min
Expression of genes:
Genes:
» Ref: ACT, IPPI, PDA
» Glycolysis: TPI, PGK, PDC, ADH1
» Glycogenesis: FBP, MDH2, SUC2, ADH2
» Unknown: ADH3, ADH4, ADH5, ADH6
» HSP = heat shock
» CYC = Cytochrom c



Gene expression after glucose stimuliGene expression after glucose stimuli
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Embryonic DevelopmentEmbryonic Development



NormalizationNormalization

Measure expression of n genes in m
samples ⇒ n  × m data matrix.

Normalize genes or samples or both?

Normalize samples to total RNANormalize samples to total RNA
Autoscale expression (subtract mean and divide with standard deAutoscale expression (subtract mean and divide with standard deviationviation



CT or copy number or....?CT or copy number or....?

Most statistics is developed for normal distributed data.Most statistics is developed for normal distributed data.
Sampling theorem: test samples taken from the same population Sampling theorem: test samples taken from the same population 
will exhibit normal distribution in copy number.will exhibit normal distribution in copy number.
Many effects in nature are logarithmic!Many effects in nature are logarithmic!

Compare test samples drawn from the same population in Compare test samples drawn from the same population in 
copy number!copy number!

Compare test samples from different populations based in Compare test samples from different populations based in 
log(copy number)!log(copy number)!
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