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1. How can we understand robustness in biological networks?

2. How can we measure redundancy in biological networks?

3. Which network motifs contribute to redundancy?

4. Why is this cool?
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J. Krumsiek, et al. PloS one 6.8 (2011): e22649.

STRING Database (2009)
M. Humphries, The Spike (2016)
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Robustness of biological networks

• Robustness of a function of a system to a perturbation
• In biological networks: function = viability

system = organism/cell
perturbation = environmental changes/

= mutations
Can we find indicators of biological robustness in the structure of 

biological networks?



Structural and functional redundancy

• Structural redundancy indicates the existence of structurally similar 
subsystems that can perform the same function. 
• Functional redundancy indicates the existence of structurally 

different subsystems that can perform the same function. 

G. M. Edelman and J. A. Gally. Proceedings of the National Academy of Sciences 98.24 (2001): 13763-13768.
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Minimal crew (5):

Minimal crew with “structurally redundant” members (10):

Or: How to recruit for your pirate ship

Minimal crew with “functionally redundant” members (6):



Structural and functional redundancy
• Structural redundancy indicates the existence of structurally similar 

subsystems that can perform the same function. 
• Functional redundancy indicates the existence of structurally 

different subsystems that can perform the same function. 

C00232

C01059

C16150

C01056

C03043
C21075 C01297 C15986

C03056

C15987

C21154 C20361

C19567

C19569 C19631



1. How can we understand robustness in biological networks?

2. How can we measure redundancy in biological networks?

3. Which network motifs contribute to redundancy?

4. Why is this cool?

Hypothesis: Functional redundancy is important for robustness



Information-based measures of redundancy

O. Sporns, G. Tononi, and G. M. Edelman. Cerebral cortex 10.2 (2000): 127-141.
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O. Sporns, G. Tononi, and G. M. Edelman. Cerebral cortex 10.2 (2000): 127-141.



Information-based measures of redundancy
• Kernel set

• Output set

• Redundancy
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1. How can we understand robustness in biological networks?

2. How can we measure redundancy in biological networks?

3. Which network motifs contribute to redundancy?

4. Why is this cool?

Hypothesis: Functional redundancy is important for robustness

Information-theoretic approach uses subsystem entropies



Information and network structure

L. Barnett, C. L. Buckley, and S. Bullock. Physical Review E 79.5 (2009): 051914.
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1. How can we understand robustness in biological networks?

2. How can we measure redundancy in biological networks?

3. Which network motifs contribute to redundancy?

4. Why is this cool?

Hypothesis: Functional redundancy is important for robustness

Information-theoretic approach uses subsystem entropies

All undirected cycles contribute,
cycles with a single source have the greatest contribution

Ubiquity of functional redundancy
Quantitative approach to redundancy

Understanding the influence of dynamics


