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How can we understand robustness in biological networks?

How can we measure redundancy in biological networks?

Which network motifs contribute to redundancy?

Why is this cool?
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* Robustness of a function of a system to a perturbation



\» biological networks

* Robustness of a function of a system to a perturbation

* In biological networks: function = viability
system = organism/cell
perturbation = environmental changes/
mutations



Structural and functional redundancy

e 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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Structural and functional redundancy

e 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.




How can we understand robustness in biological networks?
Hypothesis: Functional redundancy is important for robustness

How can we measure redundancy in biological networks?

Which network motifs contribute to redundancy?

Why is this cool?



Information-based measures of redundancy

x :=(x1, T2, x3,...,TN)"

dx =f(x, A, )

H(x) ::%m (2e)™ det(COV ()]

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



Information-based measures of redundancy

X ::(xl,xg,xg,...,xN)T
Xa :($1,...,$k)T,
Xﬁ = (:Ek;_|_1,...,$N)T

1

H(x) ::§1n [(27T€)Ndet(COV-(X))]

I(xa,xp) :=H(xq) + H(xp) — H(x)

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



Information-based measures of redundancy

e Kernel set
T
X =(T1,..., k)"
* Qutput set
Xw — (:Ek.l.l,...,:L.N

* Redundancy e

R(Xx,Xy) = Z I(zj,Xy) —




How can we understand robustness in biological networks?
Hypothesis: Functional redundancy is important for robustness

How can we measure redundancy in biological networks?
Information-theoretic approach uses subsystem entropies

Which network motifs contribute to redundancy?

Why is this cool?



Information and network structure
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L. Barnett, C. L. Buckley, and S. Bullock. Physical Review E 79.5 (2009): 051914.



Information and network structure

define dx(t) = —x(1 — A)dt + dW (1)

derive  COV = (v;5) = E(x(t)'x(t))

derive 5 _ %m [(zfne)N det(COV)|

L. Barnett, C. L. Buckley, and S. Bullock. Physical Review E 79.5 (2009): 051914.
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Information and network structure

define dx(t) = —x(1 — A)dt + dW (1)

derive  COV = (v;5) = E(x(t)'x(t))

derive 7 _ %111 [(2me)™ det(COV)]

L. Barnett, C. L. Buckley, and S. Bullock. Physical Review E 79.5 (2009): 051914.
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Information and network structure

COV == ZZ LZ()AlTALl

Matrix Graph diagramme Chain diagramme

- 0 0 5
A ®f°\®
5 0
(AT)® ®f°\®

0 3 2
(AT)3A2 = ®A/O\A®



Information and network structure

Matrix Chain diagramme
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Information and network structure
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Information and network structure

define dx(t) = —x(1 — A)dt + dW (1)

derive  COV = (v;5) = E(x(t)'x(t))

derive 7 _ %m [(2me)™ det(COV)]




Information and network structure
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Information and network structure
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Information and network structure
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Information and network structure




How can we understand robustness in biological networks?
Hypothesis: Functional redundancy is important for robustness

How can we measure redundancy in biological networks?
Information-theoretic approach uses subsystem entropies

Which network motifs contribute to redundancy?
All undirected cycles contribute,

cycles with a single source have the greatest contribution

Why is this cool?



How can we understand robustness in biological networks?
Hypothesis: Functional redundancy is important for robustness

How can we measure redundancy in biological networks?
Information-theoretic approach uses subsystem entropies

Which network motifs contribute to redundancy?
All undirected cycles contribute,

cycles with a single source have the greatest contribution

Why is this cool?
Ubiquity of functional redundancy

Quantitative approach to redundancy
Understanding the influence of dynamics



