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The most characteristic anatomical property of brain networks is their organization across multiple spatial
scales. A key challenge is to decipher the rules of connectivity that shape brain networks in order to un-
derstand how the brain works and how traumatic or neurological damage may affect brain functionality[1].
The general structure and function of the human brain, and its internal connectivity are all the result of its
developmental history, which is at the same time the product of evolution[2].

Small-world, scale-free or heavy-tailed distribution network organizations have been identified at the structural-
functional level in microcircuits, and in meso- and macro-scale networks[3].

Inspired by the Barabasi-Albert model [4] which showed that the principle “the rich gets richer”(a.k.a. “pref-
erential attachment”) led to scale-free networks and hubs in real-world networks, in this work we test the
hypothesis that the topology of brain networks could be shaped according to the rule that “the older gets
richer”, i.e. the evolutionary older circuits or those generated earlier in embryogenesis are most central in the
organization of the adult brain network[5].

As a consequence, we expect that quantification of the hubness of brain nodes (i.e. circuits) based on metrics
of centrality from complex networks should be correlated with circuits'embryogenic age.

We identified eighteen macro-circuits (MACs) according to their first (i.e. earliest) neurogenic time (FirsT)
during embryogenesis. Since MACs’volumes span across multiple scales, we studied the brain networks with
two different spatial resolutions: a low resolution parcellation corresponding to the eighteen MACs, and a
high resolution parcellation composed of approximately two and half thousand regions of interest (ROI) of
similar volumes.

Structural and functional brain networks were obtained using 7 Tesla MRI images acquired within the Hu-
man Connectome Project[6]. At high resolution level, we observed that FirsT reversely shaped the nodes’
centrality in the structural and functional networks, where highly central nodes displayed respectively early
and late FirsT. Distinctly, the structural and functional nodes’centrality of the low-resolution MACs similarly
correlated with FirsT, with higher centrality displayed in the early born MACs. In addition, we observed
that FirsT-lags reversely correlated with wiring probability and connection weight, so ROIs and MACs con-
nected more and stronger with those at similar age. Finally, brain transcriptomic analysis revealed also high
association between genes’expression, FirsT and nodes centrality, in respect to physiological nervous system
development and synapse regulation, and to neuropathological conditions. Notably, a significant rate of genes
involved in major neurological diseases such as epilepsy, Parkinson’s, Alzheimers’and autism spectrum dis-
order displays extreme correlation values with nodes’centrality (we especially mention high correlation for
highly studied genes such as SCN1A, SNCA and APOE). The results [7] provide a new multi-scale evidence on
how neurogenesis time shapes structural and functional networks, brain nodes’centrality and their transcrip-
tomics in patho-physiological conditions and underlie two main neurogenesis preferential wiring principles:
“the older gets richer’and “preferential age attachment”.
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