
Molecular Biology:  
Driven by simple hypotheses

Systems Biology:  
Driven by molecular data

Classical Biology:  
Driven by macroscopic observation



Learning Objectives

• Choose the right distance metric to compare 
the expression of two genes

• Describe why you would cluster expression by 
genes or experiments

• Manually cluster small vectors using 
hierarchical or k-means clustering

• Read a dendrogram
• Describe the results of Principal Component 

Analysis (PCA)





Comparing 
the Expression of Two Genes
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How to cluster …



Why cluster?

• Cluster genes (rows)
– Measure expression at multiple time-points, different 

conditions, etc. 

• Cluster samples (columns)
– e.g., expression levels of thousands of genes for each 

tumor sample

Similar expression patterns may suggest similar functions of genes 

Similar expression patterns may suggest biological relationship
among samples



Agglomerative:
• Initialize: Each vector is in its own cluster
• Repeat until there is only one cluster:

– Merge the two most similar clusters.

Distance is defined for a 
vector; how do I 
compare clusters?
Several choices (min, 
max, average)

Two types of approaches: Agglomerative & Divisive
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Dendrograms

Data items (genes, etc.)
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• The final cluster is the root 
and each data item is a leaf

• The heights of the bars 
indicate how close the 
items are

• Can ‘slice’ the tree at any 
distance cutoff to produce 
discrete clusters

• The results will always be 
hierarchical, even if the data 
are not.

• The order of the leaf nodes 
is not meaningful
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How to cluster with K-means



K-means clustering
• Advantage:  gives sharp partitions of the data
• Disadvantage:  need to specify the number of 

clusters (K).
• Goal:  find a set of k clusters that minimizes 

the distances of each point in the cluster to 
the cluster mean:

Euclidean
Vector Addition



K-means clustering algorithm
• Initialize: choose k points as cluster means
• Repeat until convergence: 

– Assignment:  place each point Xi in the cluster 
with the closest mean.

– Update: recalculate the mean for each cluster









What if you choose the wrong K?











What if we choose pathologically 
bad initial positions?





















What if we choose pathologically 
bad initial positions?

Often, the algorithm gets a 
reasonable answer, but not always!



How could you visualize clusters in 
20,000D instead of 2D?





The basics of PCA



Principal Component Analysis

• Each sample is currently described by the 
expression of roughly 20,000 genes.

• Let’s imagine instead that we only had 
measured two genes

• If we wanted to compare samples, we could 
just plot the expression values like this:





Principal Component 
Analysis

1. Here, Gene 1 and Gene 2 are equally good at explaining the 
variance in the data.

2. The big arrow indicates a linear combination of G1 and G2 that 
represents the direction of maximal variance.  This is called PC 1 
(Principal Component 1)

3. PCA lets us find such linear combinations even if there are 
thousands of variables.

4. There are as many PCs as there were dimensions in the original 
data.

5. The PCs are orthogonal. 
6. Often, a few PCs will capture most of the variance.  Here we can 

ignore PC2.



PCA can help spot patterns in the data




