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Undeclared heterogeneity

ÅBatch effects

ïBatch effects are unwanted sources of variation 

caused by different processing date, handling 

personnel, reagent lots, equipment/machines, etc.

ÅUndeclared subtypes

ïDisease has subtypes but these are not labelled

ÅUndeclared heterogeneity is a  big challenge 

faced in biological research, especially towards 

translational research and precision medicine
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PCA scatter plot

ÅSamples from diff batches are grouped together, 

regardless of subtypes and treatment response

Image credit: Difeng Dongôs PhD dissertation, 2011
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Plan 

ÅProblems with common normalization methods

ÅA better normalization method: GFS

ÅBatch effect -resistant feature selection built on 

top of GFS: SNET/FSNET/PFSNET

ÅSubpopulation -sensitive feature selection built on 

top of PFSNET: SPSNET
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COMMON NORMALIZATION 

METHODS
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Common normalization methods

ÅAim of normalization: 

Reduce variance w/o 

increasing bias

ÅScaling method

ïIntensities are scaled 

so that each array 

has same ave value

ïE.g., Affymetrixôs

ÅTransform data so 

that distribution of 

probe intensities is 

same on all arrays

ïE.g., (x -m) / s

ÅQuantile normalization
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Quantile Normalization

ÅGiven n arrays of length p, 

form X of size p × n where 

each array is a column

ÅSort each column of X to 

give Xsort

ÅTake means across rows 

of Xsort and assign this 

mean to each elem in the 

row to get Xôsort

ÅGet Xnormalized by arranging 

each column of Xôsort to 

have same ordering as X

ÅImplemented in some 

microarray s/w, e.g., 

EXPANDER
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After quantile 

normalization

Image credit: Difeng Dongôs PhD dissertation, 2011
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Caution: It is difficult to eliminate 

batch effects effectively

Green and orange are 

normal samples differing in 

processing date

Leek et al, Nature Reviews Genetics, 2010

a: Before normalization

b: Post normalization

c: Checks on individual 

genes susceptible to batch 

effects

d: Clustering after 

normalization (samples still 

cluster by processing date)
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Caution: ñOver 

normalizedò signals 

in cancer samples

Wang et al. Molecular Biosystems, 8:818-827, 2012

A gene normalized by quantile 

normalization (RMA) was detected 

as down-regulated DE gene, but 

the original probe intensities in 

cancer samples were not diff from 

those in normal samples

A gene was detected as an up-

regulated DE gene in the non-

normalized data, but was not 

identified as a DE gene in the 

quantile-normalized data


