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Brain Networks
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Networks on Multiple Scales
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Network Neuroscience

High-throughput High-resolution High-density High-volume
molecular screening anatomical mapping functional recording behavioral tracking
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Network construction
Statistical inference, normalization, quality control, reduction of measurement bias and noise, artifact detection/elimination
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Data sharing and deposition in bio/neuroinformatics data banks, visualization, computer simulation and
integrative modeling, experimental validation, refinement of measurement and analysis techniques

Bassett & Sporns (2017) Nature Neuroscience 20, 353



Human Connectomics

Klingler (1956) DSI (2005) Hagmann et al (2008) Vincent & Raichle (2007)

Connectomes: Structural and functional connectivity

DW!I/tractography fMRI rest/task

» Analytic Framework: Network Science



Insights from Human Connectomics
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Large cohorts, open science, multi-modal and multi-omics data, cross-
sectional/longitudinal (Human Connectome Project, ABCD etc)

Images: Hagmann & Sporns, van den Heuvel, Bullmore, Betzel, Yeo & Buckner, Saykin & Sporns



Advances in Connectome Analysis

Brain networks have complex, multiscale organization — especially evident in
modules/communities:
Multi-resolution consensus clustering (MRCC)

Connection Matrix Co-Classification Matrix Hierarchy
. - - .5 5 - " E— |

M1 M1

M2 M2

w
3 —
5 @
4]
S5 |
M3 > M3 &
3 [(=]
w 6
T ]
IS
13
M4 M4
. . = ) ) - I
Brain Regions (To) Brain Regions 1 0.5 0

I ] I 020000 |

5 4 3 2 1 0 0 02 04 06 0.8 1

Rat endbrain (cortex, basal ganglia) structural connectivity

Swanson, Hahn, Sporns (2018) PNAS Jeub, Sporns, Fortunato (2018) Scientific Reports



Advances in Connectome Analysis

Fine-scale (single TR) dynamics of fMRI functional connectivity
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Applications of Connectomics in AD/Dementia
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Resting-state fMRI functional
connectivity across the dementia

spectrum

Selective and progressive
disturbance of connections within
and between FP and DMN
functional systems — loss of
functional ‘boundaries’
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Connectomics: Data-Driven Science of Brain Networks

Themes: Hubs and Modules — Structure and Dynamics

Increasing Refinement of Spatial and Temporal Scales
Growing Range of Clinical Applications
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Questions? Contact: osporns@indiana.edu



