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Machine-enhanced reconstruction of functional
connectomes unravels discriminative brain sub-

systems in health and disease
Tuesday 16 September 2025 10:50 (20 minutes)

The human brain is a complex system of 100 billion neurons, each one connected on average to 10,000 other
neurons to exchange
electrochemical information. It is possible to coarse-grain this system by considering the average activity of
large neuronal aggregates
into Regions of Interest (ROIs), acting as fundamental areas in functional Magnetic Resonance Imaging (fMRI),
and their co-activation
patterns, providing a map of the underlying functional connectivity. The main difficulties with this approach
relate to the choice of the
statistical technique and arbitrary thresholds for pruning the correlation network obtained from fMRI signals.
Here we tackle this challenge
by switching the focus from statistical to functional pruning: instead of considering the significance of co-
activation signals separately, we
consider the collective co-activation patterns of whole sub-networks to choose which links to drop. Being a
hard combinatorial problem,
we boost the search for solutions by means of geometric deep learning coupled to a suitable explainer. Using
fMRI data from healthy and
ASD subjects, we build multilayer network representations from a multi-frequency decomposition of the sig-
nals and provide robust evidence
that the machine-learned sub-systemic co-activation patterns significantly improve the identification of af-
fected individuals. Our results
demonstrate how functional pruning—which is based on collective, rather than individual, co-activation pat-
terns—provides mechanistic
insights that can be reliably used to characterize brain disorders, at variance with statistical pruning. Our
approach—depicted in Figure 1
—is general and can be applied to find task-based biomarkers, as we demonstrate in panel H, where ASD-
affected subject show, for
instance, a significant increase in the connectivity of the sub-systems related to the default mode network,
which is known to be involved
in the pathophysiology of the disease.
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