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Data analysis workflow

1. Data importation

2. Quality Control (QC)

3. Probe filtering

4. DE testing

5. Clustering

6. Gene set enrichment
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3. Differentially expressed genes

• Gene by gene ANOVA
  yij = µ + Ti + eij

where,
   yij general logarithm of the gene expression
    in ith treatment group of the jth replicate
   µ mean
          Ti effect of the ith treatment (i=1->5)

   eij residual effect
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2. List of selected genes

• Significant differences between treatments
• FDR transformation of p-values
• 340 selected genes
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Clustering Analysis

Finds groups of similar genes

Measures of distance:
•Manhattan
•Euclidean
•Minkowski distance
•Chebychev
•Correlation complement
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Measures of distance

• Manhattan

d(i,j) = | xi1 – xj1 |  +  | xi2 – xj2 |  +  … +  | xip – xjp |  
 
   (from Kaufam and Rousseeuw, 1990. pp 11)
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Measures of distance

• Euclidean

d(i,j) = √ (xi1 – xj1)2  +  (xi2 – xj2)2  +  … +  (xip – xjp)2 

   (from Kaufam and Rousseeuw, 1990. pp 11)

8



12/3/25

5

Manhattan or city block
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Euclidean
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Measures of distance

• Minkowsky

dm(i,j) = {| xi1 – xj1 |m  +  | xi2 – xj2 |m  +  … +  | xip – xjp |m}1/m  
 
    (from Drăghici, 2003. pp 265-276)
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Measures of distance

• Chebyshev

d(i,j) = max | xik – xjk | 
    (from Drăghici, 2003. pp 265-276)k
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Measures of distance

• Correlation complement

d(i,j) = 1 - r 
  
Where 
 r Pearson Correlation
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Distance measures

Correlation
complement Manhattan Euclidean Chebyshev

1-2 0.03 7 3.00 2

1-3 0.66 9 3.87 2

2-3 0.51 8 3.46 2
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Clustering analysis

• Hierarchical clustering
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Clustering analysis

• Hierarchical clustering

Single linkage
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Clustering analysis

• Hierarchical clustering

Single linkage
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Clustering analysis

• Hierarchical clustering

Single linkage
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Clustering analysis

• Hierarchical clustering

Single linkage
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Clustering analysis

• Hierarchical clustering

Single linkage
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Clustering analysis

• Hierarchical clustering

Single linkage
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Hierarchical clustering of 340 selected genes
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Hierarchical clustering of 340 simulated genes
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Hierarchical clustering comparison
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Partitioning around medoids
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Partitioning around medoids
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Partitioning around medoids
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Partitioning around medoids
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Partitioning around medoids
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Partitioning around medoids
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Cluster quality

• Homogeneity

   Have =     1      ∑ D(gj , C(gj))
                  Ngene

   gj  is ith gene
         C(gj) is the center of the cluster that gi belongs to

j

Chen et al., 2002 

31

Cluster quality

• Separation

   
   Smin =    1      ∑ mini≠k, (D(gij ,  gkl))
                 Ncluster

j

32
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Functional Analysis

• We would like to know:

1. Are these clusters meaningful?
2. What do this genes have in common?

37

Functional Analysis

Are these clusters meaningful?

1. Chi-square test for association between clusters and functional 
annotations

2. Gene Ontology: Molecular function, Biological Process, 
Subcellular Localization

38
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Functional Analysis

• Problems
– Chi-square test does not perform well with small samples (n=5 or 

more)

• Simulate expected values from the data

39

Functional Analysis

• Problems
– One gene can have more than one function (domain) and it can be 

located in more than one compartment

• Randomly choose one
• Repeat hundreds of times
• Keep the p-value
• Use the mean p-value as an estimate

40
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P-values are not well behaved

41

Functional Analysis

• We want to know:

1. What genes are over-represented?
2. What genes are under-represented?

Onto-Epress : Khatri et al. 2002 (Genomics 79(2): 266-70 )

42
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Functional testing

• First (naïve) approach: Fisher Exact test for over represenation:

– Ho:  selected in group          =        gene in group
                     selected                   genes universe

• No consideration for overlap among functional groups
• Many redundant signals
• Easy to use, DAVID (david.abcc.ncifcrf.gov)

43

Functional Testing 2.0

• Parent-Child:

– Accounts for groups hierarchy (GO)

– Fisher test on conditional on parent group (pa)

– H0:  selected in group ∩pa  =  gene in group ∩pa

                   selected ∩pa    genes universe ∩pa

– R-package: topGO

– Grossman 2008, Bioinformatics 23:3024

44
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Parent-Child enrichment test

45

Functional Testing 2.0

• Elim algorithm:

– Accounts for groups hierarchy (GO)

– Fisher test on conditional on enriched children groups (chi)

– H0:  selected in group / chi  =         gene in group / chi

                        selected / chi              genes universe / chi

– R-package: topGO

– Grossman 2008, Bioinformatics 23:3024

46
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There are more methods available

47

Gene Set Enrichment Analysis (GSEA)

Genetics 102 (43) 15545-15550 https://doi.org/10.1073/pnas.0506580102

48
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Functional tests: conclusions

• There are several algorithms that can remove redundancy from list of 
enrichments in GO

• Tests other than Fishers’ exact can better use quantitative scores per gene (p-
values instead of DE classification)

• topGO packages provides a consistent framework for comparing methods

• topGO is well documented, give give it a try!

• GSEA

49
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