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Biological Background
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Statistical Methods for Microarrays

Different statistical questions arise:

1. Class discovery (unsupervised learning): 
clustering

2. Gene identification: selecting over-
expressed or under-expressed genes

3. Class prediction (supervised learning):
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Class Prediction

� Classifying observations into disjoint groups

� 2 Types:
� Parametric Discriminant Analysis

� Linear DA 

� Quadratic DA

� Nonparametric Discriminant Analysis

� Histogram

� K-nearest neighbor

� Naive estimator

� Neural networks

� Kernel estimator
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Multidimensional Spherical Kernel

The random samples                 are given 
by matrix

Kernel Estimator: 
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Multidimensional Gaussian Kernel

Properties:

� Continuous symmetric

� Kernel K not deciding

� Bandwidth (-matrix) important

Gaussian Kernel:
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Bandwidth H
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Bandwidth proportional to covariance matrix:
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Gene Selection

� Using                    no expensive method 
needed

� Regardless of correlation between genes

� Chi-square / Gain-Ratio

� Selected the (10) top ranked
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Predictive Discrimination and Kernels

Bayes’ Theorem

where
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Data

� Adrenocortical Tumors Data Set 
� 65 patients
� 10,163 genes
� 3 groups

� 33 Adrenocortical Carcinoma
� 22 Adrenocortical Adenoma
� 10 Normal Adrenal Cortex

� Data Source: GEO Accession: GSE10927

� Breast Cancer Data Set
� 62 patients
� 10,163 genes
� 2 groups

� 43 Brest Tumor Profiles
� 19 Normal Breast Tissue

� Data Source: GEO Accession: GSE7904
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� Prostate Data Set

� 102 patients

� 4,487 genes

� 2 groups

� 52 Prostate Tumor Profiles

� 50 Normal Prostate Tissue

� Data Source: Broad Institute:

http://www-genome.wi.mit.edu/MPR/prostate
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Methods

d=d+1 d-dimensional 
kernel classification

Choose genes in 
(d-dimensional)combinations  with 

error rates < cut-off

Gene identification:
Chi-Squared / Gain-Ratio
taking the 10 best ranked

cut-off := 25th percentile of error rate

d-dimensional 
kernel classification

d = 1

d = 2
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Results: Adrenocortical Tumors Data Set 
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Results: Breast Cancer Data Set
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Results: Prostate Data Set
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Comparison with other Classifiers
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Conclusion

� works with  unbalanced data (contrast to Linear 
DA) 

� no prior knowledge of a specific distribution needed

� small number of objects, large number of variables

� powerful results, especially by using the covariance 
bandwidth

� simple variable selection

� correlation can be used

� good discriminating genes can be lost

� long computing time
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