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How is connectivity understood?
While the biological mechanisms of neuronal identity and targetted
axon guidance are well-studied, there is open opportunity for the big
data generated about the brain to be leveraged toward computational
models of brain development. This work replicates brain connectivity
data using a biologically plausible developmental model [1], with the
goal of explaining the regularities in the observed structure using a
simpler developmental model.

How do neurons know where to connect?

• How could a chemical encoding represent the connectome weights?
• Learn vector representations (“barcodes”) at the spatial level
• The barcodes model the transcription profile, or identity of each region
• The connectivity weight between one region and another is produced

using the two barcodes
• Thus: homophilic wiring rules; “birds of a feather flock together”
• This work relies on the Genetic Connectome Model (GCM) [1]:
• If V is the number of regions, D is the number of coordinates in the

barcode, and X ∈ RV ×D is the matrix of barcodes, then the GCM
model defines an association matrix O ∈ RD×D used to produce the
connectivity matrix M ∈ RV ×V as follows:

M = H(XOX⊤)
• The nonlinearity H is the Heaviside step function
• Without H, the resulting linear equations are solvable by singular value

decomposition (SVD):
X = U

O = ΣV ⊤U

• Given the standard decomposition M = UΣV ⊤

How much information is needed to
encode the mouse connectome?

→

• Allen Brain Atlas Mouse Brain Connectivity [2, 3]
• Processed to produce voxel-based connectome (left)
• Approximation formed using truncated SVD to create barcodes
• One coordinate of the barcodes constitutes a spatial profile (center)
• A significant part of the connectome is expressible with just a few

coordinates, evidenced by the singular value distribution (right)

Do the barcodes correspond
with gene expressions?

Mouse Brain Degree-Matched Baseline

• Allen Brain Atlas ISH Dataset [4] containing nearly 20,000 genes
• Barcodes are tested for correspondence with genetic expression data
• The first 16 coordinates are evaluated as a population code
• Gene scores indicate cross-validated predictivity of the genetics from

the barcodes using a linear model
• GCM fit to the mouse brain data has high gene scores
• GCM fit to a degree-matched random graph has noise-level scores

Future Work: Can we do better?

"Growing Neural Cellular Automata"  (Mordvintsev et al. 2020)

• Encode the recipe rather than the result
• Turing patterns [5]
• Neural cellular automata [6] used to model the parallel, distributed

process of developmental pattern formation

Conclusion:
Development constrains connectivity

• Connectivity matrix with over one million entries reduced to spatial
variables, “barcodes,” which efficiently encode the connectivity using
drastically fewer variables

• The barcodes are correlated with genetic expression in the mouse brain,
providing computational evidence for the role of gene expression
patterns in driving the development of connectivity
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