
How to find “important” nodes?
• By their degree
• Hubs = important
• Degree weighted by self-

consistent importance : 
Google’s PageRank



How to find “important” nodes?
• By their connectivity
• Connectors = important
• Betweenness-centrality



Betweenness centrality: definition
• Take a node i
• There are (N-1)*(N-2)/2 pairs of other 

nodes
• For each pair find the shortest path on the 

network
• If more than one shortest path,  sample 

them equally
• Betweenness-centrality C(i) ~ the number 

of shortest paths going through node i



To analyze 
correlations in expression 

for all pairs of genes:
Co-expression networks



How to construct a co-expression network?

Functional modules

Samples

A co-expression network

• Start with a matrix of log2 of expression levels of 
N genes in K samples (conditions): for our T-cell data N=3000, K=47

• For each of N(N-1)/2 pairs of genes i and j calculate
the correlation coefficient  ρij=σij/σiσj of gene levels across K samples

• Put a threshold, e.g. ρij>0.85, or otherwise select 
the most correlated pairs of genes (~4500 in our case). 
Now you have a weighted network.

• Identify densely interconnected functional modules in 
this network.

• Modules can be used to infer unknown functions of genes via 
“Guilt by Association” principle.



Co-expression network analysis exercise
• Start Gephi and open 

coexpression_network_random_start.gephi
• Run “Layout”  Fruchterman Reingold Speed 10.0
• Run “Average degree”, “Network diameter”, “Modularity” in the 

Statistics tab in the right panel.
• Color nodes by “modularity class”: 

Appearance  Nodes  Partition  Palette Icon Modularity class

• Size nodes first by “degree”. 
Appearance  Nodes  Ranking Multiple Circles Icon  Degree
– If the nodes are too small, select “Min size”: 10 and “Max size”:80
– Nodes in large tightly connected clusters have large degree

• Then size nodes by “betweenness-centrality”
Appearance  Nodes  Ranking Multiple Circles Icon  Betweenness-
centrality
– Large circles are “coordinator” genes connecting different co-expressed 

clusters to each other. Potentially biologically interesting



Disease-disease similarity network
• Based on the table summarizing 

all current medical knowledge 
of genes implicated in diseases: 
– Rows: 516 common human diseases
– Columns: 25,000 human genes
– Matrix element Diα =1 if the gene α is known to be 

involved in the disease i . 0 – otherwise
• Constructed disease-disease similarity network:

– Weight of the edge - # of shared genes between two 
diseases

– Easy to construct: the adjacency matrix A of the 
network is simply A=D•D+



Disease network analysis exercise
• Start Gephi and open disease_disease_random_start.gephi
• Run “Layout”  Fruchterman Reingold Speed 10.0

Observe how clusters emerge.
• Run “Average degree”, “Network diameter”, “Modularity” analysis tools in the 

right panel.
• Color nodes with medical term:  “disorder class”

Appearance  Nodes  Partition  Palette Icon  Disorder class

• Then color nodes by “modularity class”. See how well it agrees with the previous 
color.
Appearance  Nodes  Partition  Palette Icon Modularity class

• Size nodes first by “degree”. 
Appearance  Nodes  Ranking Multiple Circles Icon  Degree

– Which disease has the largest degree?

• Size nodes by “betweenness centrality”
Appearance  Nodes  Ranking Multiple Circles Icon  Degree

– Which diseases have the largest betweenness-centrality?
These “connector” diseases linking different diseases clusters to each other. They 
highlight potentially interesting connections between diseases



Review for the 
Final Exam



Grading

Attendance 10%
Homework 20%
Midterm 1   20%
Midterm 2   20%
Final 30%



Midterm Info
• Bring Your OWN Device (BYOD) exam in this room 

on May 12, 7pm-9pm. 
– Come earlier, say 6:30pm
– Bring laptop and charger
– Bring calculator not on phone
– Bring UIUC ID

• Closed book exam; no books, notes, phones…

• Calculators (not on smartphones) can be used

• The following two printouts and lecture slides will 
be provided





r



What may be on the final exam?
• Probability Multiplication, Combinatorics
• Bayes Theorem
• Discrete & Continuous Random Variables
• Joint Probability Distributions, 

Covariation/Correlations
• Sampling distributions and parameter point 

estimation
• Confidence Intervals
• Hypothesis testing for one and two samples
• Other topics
• Look at Homework 1-4  for examples of problems



One-sample hypothesis
testing
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What type of hypothesis should I apply?

A. Two-sided: μ1≠μ0
B. One-sided: μ1> μ0
C. One-sided: μ1< μ0
D. Three-sided
E. I have no idea

Get your i-clickers



17

The standard deviation of 𝑥 in this sample is:

A. $4.50
B. $45
C. $0.45
D. I have no idea

Get your i-clickers







Two-sample hypothesis







1. Use two-sided hypothesis
2. z_{alpha/2}=1.96
3. Z=(0.65-0.54)/sqrt(0.18.^2/43+0.14.^2/12)=2.2516
4. Since Z> z_{alpha/2} null hypothesis can be rejected



Confidence intervals
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What Z should I look up in the table?

A. Φ(Z)=0.9
B. Φ(Z)=0.05
C. Φ(Z)=0.95
D. Φ(Z)=0.1
E. I have no idea

Get your i-clickers
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What Z should I look up in the table?

A. Φ(Z)=0.9
B. Φ(Z)=0.05
C. Φ(Z)=0.95
D. Φ(Z)=0.1
E. I have no idea

Get your i-clickers







What is X in this problem?
• What is X? Look for keywords:

– Find the probability that….
– What is the mean (or variance) of…

• What are the parameters? 
Look for keywords:
– Given that…
– Assuming that…

• Is X discrete or 
continuous?



Discrete Probability Distributions







Continuous Probability Distributions



(12 points) Time interval separating 
subsequent bus arrivals at a stop is an 
exponential random variable with mean 
20 minutes. Steve and Andrew work at the 
same place and each will be late to work 
unless they board a bus on or before 
8:40am. Steve comes to the bus stop 
exactly at 8am. Andrew also comes to the 
same bus stop but at a random time, 
uniformly distributed between 8am and 
8:30am. Both of them take the first bus that 
arrives. 

(a) (4 points) What is the probability that 
Steve will be late for work tomorrow? 

(b) (4 points) What is the probability that 
Andrew will be late for work tomorrow? 

(c) (4 points) What is the probability that 
Steve and Andrew will ride the same bus 





Credit: XKCD 
comics 


