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Project 1: Small-Worldness of Fly Connectome

Goal: Determine if this network has the small-world property.
Challenge: network has 25K nodes and 3M edges

⇒ need to compute
625M shortest paths.
Devise sampling strategies to estimate average shortest path length
efficiently.
Do the same for clustering coefficient.
How will you know that your estimates are accurate?
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Project 2: Clustering in Fly Connectome

Goal: Determine clusters in this network and connect them to
functional regions in the fly brain.

Challenge: network has 25K nodes and 3M edges

⇒ clustering
algorithms are likely to be slow.
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Project 3: Routing in Connectomes 1

How are signals propagated efficiently in brain networks?

Does the brain use Dijkstra’s algorithm?

How does the brain route signals given a node’s limited knowledge of
entire network?
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https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1007584
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Project 4: Routing in Connectomes 2

Local-global strategy: combine diffusion and shortest-path approaches
to routing.
Changing one parameter smoothly transitions from one extereme to
another.
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https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1006833


Project 5: Rentian Scaling

Brain networks are (believed to be) modular.

How are connections between modules distributed within a network?

Rentian scaling: Power-law relationship between number of nodes in a
module and number of edges leaving module.

Goal: Determine the Rentian scaling laws for different brain networks.

Challenge: implement algorithms for topological/geometric Rential
scaling.
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Project 6: A Mouse Connectome

Organizing principles for the cerebral cortex network of commissural
and association connections: publication and analysis of a
comprehensive connectome of the mouse brain, collected from findings
in over 185 publications that appeared in the literature since 1974.

Goal: Analyze the structural properties of this connectome.
I Small-worldness
I Efficiency
I Clustering

Additional challenge: correlate this network with the mouse
connectome created independently by the Allen Institute for Brain
Science.
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http://www.pnas.org/content/pnas/114/45/E9692.full.pdf
http://www.pnas.org/content/pnas/114/45/E9692.full.pdf
http://connectivity.brain-map.org
http://connectivity.brain-map.org
http://connectivity.brain-map.org


Project 7: Generative Models of Connectomes

Connectomes arise from experimental observations of the brains of
different organisms.

What types of evolutionary processes in nature can generate the types
of connectomes that exist in organisms?

Several mathematical models that have been proposed for
connectomes.

Goal: test these models for their ability to generate artificial networks
with properties that match those of real connectomes such as the
small world property and modularity.

I Resolving Structural Variability in Network Models and the Brain
I Box 10.1: Growth Connectomics: Generative Models for Brain

Networks

Important question: should models incorporate geometric constraints
imposed by the structure of the brain?
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http://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1003491
https://www.sciencedirect.com/science/article/pii/B9780124079083000108#b0010
https://www.sciencedirect.com/science/article/pii/B9780124079083000108#b0010


Project 8: Genetic Model of the Connectome

Why do connectomes of individuals of
the same species show considerable
architectural and wiring similarity?

How is neuronal connectivity encoded
at the protein level?

Hypothesis: genetic identity of neurons
guides synapse formation.

Predict the existence of specific biclique
motifs in the connectome.

T. M. Murali February 18, 2020 Projects

https://www.cell.com/neuron/fulltext/S0896-6273(19)30926-2
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