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Systems biology: Gene 

expressions profiling and 

clustering  
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Samples: control vs test 

Genotypes       Phenotypes 



Typical expression profiles 
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Russ Altman 
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Why clustering? 
 

“Searching for meaningful information patterns and dependencies 

among genes, in order to provide a basis for hypothesis testing, 

typically includes the initial step of grouping genes, with similar 

changes in expression into groups or ‘clusters’”. 

 

Exploratory and unsupervised 

 

Clustering the microarray matrix can be achieved in three ways: 

i. Genes can form a group which show similar expression across 

conditions 

ii. Samples can form a group which show similar GE across all 

genes 

iii. Bi-clusters: genes and samples are clustered simultaneously, 

giving rise to a subset of genes and a subset of samples. 
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Clustering types: 

 

- One level v.s. Hierarchical 

- Exclusive v.s. overlapping 

- Boolean v.s. fuzzy 

 

Clustering prerequisites: 

- Pattern representation; feature selection and extraction, e.g. 

PCA 

- Definition of pattern proximity – measure of “distance”, e.g., 

Euclidean distance, Mahalanobis distance, correlation 

distances 

- Clustering 

- Data abstraction 

- Assessment of clusters: validation – internal, external and 

relative 

 

 



Hierarchical clustering 

7 



8 

Hierarchical clustering 

Russ Altman 
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Russ Altman 



Effects of various metrics for measuring distance 
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dx,y =   (xi – yi)
2 
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Pearson correlation coefficient 

For a population 

For a sample 

Pearson distance: 



Effect of different clustering schemes 

Single linkage 

Complete linkage 

centroid 

 

          level 

case1: 2.0 

case 2: 2.2 

case 3: 5.5 

case 4: 7.0 

case 5: 7.4 
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Courtesy of Sun Kim 
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Courtesy of Sun Kim 
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Courtesy of Sun Kim 
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Courtesy of Sun Kim 
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Fuzzy k-means clustering 

Fuzzy membership: Each data point x has some 
probability to belong to a cluster w (centered at u). 

P(w|x) 

 

The probabilities of cluster membership for each 
point are normalized 

 i = 1 to k P(wi|xj) = 1 for j = 1, …, n         (1) 

 

 Cluster cost: 

J =  i = 1 to k  j = 1 to n [P(wi|xj)]
b ||xj – ui||

2.     (2) 
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Condition for minimum cost: 

 

 J/ ui = 0 

ui = ( j = 1 to n [P(wi|xj)]
b xj)/( j = 1 to n [P(wi|xj)]

b ) 

                                                                        (3) 

Update posterior probability as 

 

P(wi|xj) = (1/dij) 
1/(b-1) / r=1 to k (1/drj) 

1/(b-1)      (4) 

where dij = ||xj – ui||
2. 
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Fuzzy k-means clustering algorithm 

 

initialize u1,…, uk 

 normalize P(wi|xj) by eq(1) 

 do recompute ui  for i = 1 to k by eq(3) 

  recompute P(wi|xj) by eq(4) 

 until small change in ui and P(wi|xj)  

return u1,…, uk. 
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Classical k-means is a special case when 

membership is defined as 

 

P(wi|xj) = 1    if ||xj – ui|| < ||xj – ui’|| for all i’ i. 

             = 0    otherwise. 
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Separating hyperplane 

(w, b) 

Margin  

Origin 

w 

b 

w · xi + b  > 0  if yi = +1 

w · xi + b  < 0  if yi = 1 + 

 

An unknown x is classified as 

sign(w · x + b) 

Support vector machine (SVM) 



Application of SVM classification 
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Gene Set Enrichment 

Gene set enrichment analysis: Identify sets of related genes 

associated with (possibly cause) phenotypic changes. 
 

- Discovery/exploratory mode: discovery of gene sets that were not 

previously known to be related. (More difficult; see clustering). 

- Validation mode: determination and confirmation of which set 

among a known collection.  (Require prior and domain knowledge). 

Early approach: 
- Examine individual genes by their differential expression between 

phenotypes, exceeding a preset threshold, say p-value < 0.01. A binary 

decision for prescreening. 

-  Use Fisher’s exact test to determine if selected genes belong to a pre-

specified gene set.  

Current approach:  
- rank all genes according to differential expression 

- determine if a pre-specified gene set is overrepresented toward the top or the 

bottom of the ranked list.  
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Motivations and challenges for gene set enrichment analysis 
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This is a weighted Kolmogorov-Smirnov like statistic. 
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