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7. MOTIFS AND MODULES
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Structure and function

e mainly focused on overall structures
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Structure and function

Mesoscopic structures: subgraphs of the original,
usually large graph.

S e G={V,E}: G'={v',EtwithV'l V:E'EE
Such'that IR =,

FOr mesoscopic structures we assumethat N0 < <

Two approaches:

1) Define a type of subgraph, identify topologically
equivalent occurrences and check how significant this
class of subgraphs is: motifs

Il) Consider the particular subgraphs after identifying
them: egocentric networks, communities (often
identification is the challenge)




Network motifs

ldea: If a type of subgraph (e.qg., a triangle) occurs
significantly often in a large network, we can expect

that such subgraphs have an important role in the
functioning.

Two graphs are or isomorphic
If there is an appropriate numbering of nodes such that

the adjacency matrices become identical.

Necessary:

N and degrees
the same

But not sufficient




Network motifs

logically equivalent subgraphs in a network
et: number of elements

dinality of a motif is significantly high, we

t that the motif has an important role in the

n of the complex system the network is mapped

t

Il s Asigni ficantly hi
We h to compare to a reference system.

Significantly high means that we have a null hypothesis
that a given cardinality of a motif stems from a reference
system. If we can exclude this hypothesis then there is
an additional origin for the effect i possibly the function
of the system.



Network motifs

Usually we take a random network as a reference
system assuming that correlations are caused by
the function. Simplest: ER (N, L fixed). This is too
simple and far from the global, universal
observations (broad degree distribution). Thus the
common reference system is the configuration

model. _ |
The configuration model can be considered as a

result of a randomization process: link switching

Randomizing and
preserving degrees




Network motifs

asure for the importance of a motif.

null model 1Is an ensemble, with means and a
ces. We compare the empirical cardinalityliiMeEa)

mean cardinality of the ensemblem, and
about the significance of the deviations by

ring them to the standard deviation
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Measure: z-score N,,(emp) — N,,(rnd)
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Uri Alon

R. Milo et al. Science, 298:824-827 (2002)



Network motifs
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R. Milo et al. Science, 298:824-827 (2002)




Network motifs

E.Q., In regulatory networks (gen transcription) some
motifs are typical.

(a)

(C)

]
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Typical feed-forward
subgraph
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Basic regulatory schemes



Network motifs

Another measure of the significance of the motif
frequency: p-value statistics

Take the empirical network with N(emp)

Generate the ensemble by link switching; make M

measurements or samples (perform enough switches
petween two measurements).

1 M glif x>0
— N, - N(emp), wih g(x) =} |
a:167( - N(emp) ) :'O otherwise

p:

M

Here N, Is the cardinality of the motif in sample |



““Network motifs

ow to choose the ?

iIcal system one may conclude that
esentation of a motif reflects
tional advantage. However, genetic networks
bedded in space and neighboring nodes

t easier than far laying ones 1 but this aspect
irely ignored if the reference system is the

con ation model.

There is generally special care needed when
choosing a null model!

Yael Artzy-Randrup, et al. Science (2004).



etwork motifs

ubgraphs have to be identified and there
ms around doing this.

ks are considered and N~3-5

If approach has been extensively applied in
nd not so much in social sciences.

Krhe observation that social networks have high
clustering is about a specific motif.



Motifs in bipartite networks

The simplest
undirected
motifs

Saraccoet al. (2015)



Motifs in bipartite networks

\What Is the proper null model?

BiConfiguration model as obtained by matching
always stubs from A with ones from B.
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otifs in bipartite networks

non entropy S of an ensemble of networks:
B 0 )l 0( ), where 0 is a biadjacency matrix

st random configurations define an ensemble,
ichY | AMvhere restrictions or constraints
ould be considered. E.g., constraints are the
degree sequences in the sets A and B. We arrive at
distribution containing as many parameters as
constraints (Lagrange multipliers). Their values are
calculated by maximum likelihood method. For details
see the orig. paper by Saracco et al. (2015)




bipartite networks

rld Trade Network

cencyo matri X:

Countries ordered according to the diversity of export



