Structural vs. Chemical: Discovering Brain Map Coupling
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Research Question

Does the physical organization and chemical organization of the brain act
as independent modes?
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Figure 1: 8 Brain Maps

Results: Subgroup Analysis

e Maps naturally split into "Structural" and "Chemical" groups. They
correlate more strongly within their own group (r= 0.44) than across the
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Figure 6: Dendrogram of hierarchical clustering with k = 2 clusters

Methods

PC1 Gene Expression vs T1lw/T2w Ratio
Spearman p=0.84

5-HT1A Receptor vs Functional Gradient Allometric Scaling (NIH) vs Glucose Metabolism
Spearman p=0.52 Spearman p=-0.01
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Figure 2: Ranked Pairwise Density Scatter plots & Coupling Brain Maps
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e Complex ”hockey stick” relationships demonstrating structural & chemical
modalities are not globally linked

e Maps are tightly coupled in primary sensory regions but highly uncoupled in
the association cortex
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Figure 5: Multimodal Spearman Correlation Matrix
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Results: PCA

e PCA exhibited two axes explaining ~70% of the total variance: a global
coupling axis (PC1: 50.10%) and a structural-functional segregation
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Figure 7: PCA Variance Scree Plot

Summary of Findings

e Maps are tightly coupled in primary sensory regions but highly
uncoupled in the association cortex

e The association cortex uncouples from rigid structural gradients to
allow for abstract reasoning and complex decision making

e Two dominant semi-independent clusters: a foundational/structural
system (driven by genes and myelin) and a higher-order/functional
system (driven by functional gradients and receptor distributions)

Next Steps

e Explore additional modalities & multimodal coupling trends across
development and aging in patients

e Explore the relationship with neurodegenerative pathologies or
psychiatric studies

References

e Randy L Buckner, Fenna M Krienen, Angela Castellanos, Julio C Diaz, and BT Thomas Yeo. The organization of the human
cerebellum estimated by intrinsic functional connectivity. Journal of neurophysiology, 106(5):2322-2345, 2011.

e M. F. Glasser, S. M. Smith, D. S. Marcus, J. L. R. Andersson, E. J. Auerbach, T. E. J. Behrens, T. S. Coalson, M. P. Harms, M.
Jenkinson, S. Moeller, and D. C. Van Essen. The human connectome project’s neuroimaging approach. Nature, 536:171-
178, 2016.

e R.D. Markello, J. Y. Hansen, Z.-Q. Liu, V. Bazinet, G. Shafiei, L. E. Suarez, N. Blostein, J. Seidlitz, S. Baillet, T. D.
Satterthwaite, M. M. Chakravarty, A. Raznahan, and B. MiSi¢. neuromaps: structural and functional interpretation of brain
maps. Nature Methods, 19:1472-1479, 2022



