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What??



Brief introduction to graphs

• Nodes (in our case, 
genes/proteins) connected by 
edges (in our case, rules of 
interaction)
• Nodes have associated Boolean 

rules in a Boolean network 
based on input nodes
• Our networks will be directed



Sample rule for * activation:
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A

C

D
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A and B are activating
C and D are inactivating (NOT)

Possible Rules:
(A and B) and (not C or not D)
A or B or not C or not D
(A or B) and not C and not D
...



Rule for A

Rule for B

Rule for C

Rules are 
functions 
of INPUT 
nodes



How do we use Boolean networks to figure 
out the rules of interaction?
• Reverse engineering
• Fitting the data: given observations of the states of the BN, find the 

truth table
• States are {0, 1} for each node
• Black box model: several (input, output) pairs: observations of the 

states before and after a transition
• In general, many possible networks may be found that fit the 

data
• How to decide?
• Different algorithms
 available to choose best rules





Get stuck in this state = attractor



No input states



Why Boolean Networks?

• Can describe complex behavior
• Steady states of network are biologically relevant
• Stability and reproducibility

• Range of behaviors of system can be completely known and analyzed 
(for smaller networks; larger networks are computationally limiting)
• Assume the things in the network are either off or on (0 or 1)-– no in between 

behaviors

• Simple to implement and use
• Cell collective, Cytoscape



Boolean Network Transitions and Biology 

• Example: Microarrays (gene expression data) quantify transcription on 
a large scale
• Infer network of regulation based on transcription data alone (is this 

realistic? Possible?)
• Discretized gene expression (or fuzzy logic!!) can be used to build 

rules about states of network
• Wiring and Boolean functions are both reverse engineered from the 

microarray data
• How can we figure out the wiring? The direction of nodes? 





Summary

• Boolean networks are the simplest models (discrete, simultaneous, 
deterministic updates)
• Still plausibly complex and describe important features of real world 

networks
• Can be reverse engineered from a relatively small amount of data
• Limitations
• Boolean, obviously  potential solution = fuzzy logic?
• Simplest version doesn’t include stochasticity
• Only small networks are computationally feasible
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