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Brain Networks

and edges (e.g. brain regions and interconnections).

Fundamental distinction:
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A Functional networks (statistical dependencies, dynamic

Important themesn current studies obrain networks:

A Community structurémoduleg
A Node/edgeinfluenceand vulnerability

high clustering

A Networkcores/clubs/cliques

low degree
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Virtually all biological
networks have
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Van denHeuvel& Sporng2013) Trend€ognScil7, 683.

high degree

high centrality




Hubsc Definition and Detection

Functional roles of network hubs: - Jl.\/\'i\/.
A High influence on network dynamics e\

) . o . . L/ 1

A Focal points of communication or interaction ot e
Measures for detecting network hubs:

A Degree, strength (local) O

A Betweenness or closeness centrality (global) -L\/

A Vulnerability @/
A Participation in community structure

functional segregation functional integration

Robust detection of network hubs can be achieved by combining multiple network
metrics.
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or potentially inappropriate in functional networks (e.g. reststgte fMRI)

Spornset al. (2007) PLOS ONE 2, e1049 Power et al. (2013) Neuron 79, 798.



Modules, Cores, and Rich Clubs

In some networks, highly connected/central hub nodes have a tendency to be
highly connected to each other ( i rr-alcthb 0 or gani zati on) .

communities (modules)

P

edge

@ hubs @ rich club ® core

Hubs, cores and rich clubs may play important roles in global communication:
A By creating short (efficient) paths
A By supporting integration of information across diverse brain systems

Colizza et al. (2006) Nature Physics 2, 110. Bullmore & Sporns (2012) Nature Rev. Neurosci. 13,



Outline

» Characteristic Properties of Brain Networks

Hubs in the Human Connectome\ Very Brief Summary

Network Hubs, Communication Processes, and Integration

Summary and Conclusion



C.elegans

Motor Neurons

Networks ¢ Microscale: Celegans

Motor Neurons
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Varshneyet al, 2011:

A Full network: 279 neurons,
2990 directed connections
(density: 3.9%)

A High clustering, short path
length

A Broad (heawailed) degree
distribution (neurons with
high degree centrality)

Towlsonet al, 2013:

A Modules

A Set of neurons with high
betweenness, many inter
modular connections
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Hubs are densely
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Many hub connections are
long-distance

White et al. (1986) Phil TransSRc

Varshneyet al. (2011) PLOS Cogjol
Towlsonet al. (2013) Neurosci



Networks¢ DrosophilaBrain

Drosophilamacroscaleeonnectome

Shi et al: &5

A 49 LPUs, 1193 directed weightegie
connections (50% density) C@E

A High clustering, short path 0

length ’?
A Modules (visual L/R, auditory,
olfactory L/R, premotor)
A Connectors and RC organization

modules — weighted connections
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Chiang et al. (201Turrent Biology

Shi, Greensparg§porns Chiang et al. (in preparation)



Networks¢ Mouse Connectome

Optical Density
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Oh et al (2014) Nature

Zingget al (2014) Cell



