Figure S1. Example individual multi-modal morphometric similarity maps from the
primary (NSPN) cohort. The average edge strength of the multimodal (10-feature)
morphometric similarity matrices is plotted on a standard (fsaverage) template surface for
eight subjects. Although the topography of nodal similarity is unique to the individual, the
pattern generally follows a stereotyped distribution, with regions of high similarity being
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found in association cortical areas and regions with low similarity being found in primary
somatosensory and visual cortical areas.
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Figure S2. Comparison of topological properties between the multimodal and T1w
MSNs in the primary (NSPN) cohort. A) Network properties, including the clustering
coefficient, global efficiency, modularity, and small-world coefficient were computed for
3

the individual 10-feature multimodal (Left) and 5-feature T1w (Right) MSNs (red)
compared to random networks (black; 1 per subject), at varying connection densities (1040%, 5% intervals). Random networks were generated by preserving the same number
of nodes and edges as each respective individual MSN. Both the multimodal and T1w
MSNs, like many other brain networks, possess a small-world topology with high
modularity. B) Nodal degree (i.e., the sum of the number of supra-thresholded edges for
each node) was calculated for the individual MSNs, each thresholded at 10% connection
density. Plots show nodal degree values averaged across subjects. Across subjects,
nodal degree was similar for the 10-feature (Left) and 5-feature (Right) MSNs (median r
= 0.37, range = 0.33-0.38, all P < 0.001), with high-degree hubs generally being located
in association cortical areas. C) Plots of two modular decompositions (yielding N=6 and
N=12 modules) of the group average 10-feature multimodal MSN. We observed a
hierarchical structure of modules, with the 4-module solution (see Figure 2) being subparcellated in an anatomically-relevant manner. For example, the temporal (green)
module in Figure 2 is broken into constituent posterior (orange), anterior (blue), and
superior (yellow) sections in the 6-module solution. D) Normalised rich club curves
calculated for each individual MSN, as well as the group average 10-feature multimodal
MSN (each thresholded at 10% connection density), showing the existence of a rich club.
The rich club coefficient (Φ) is a measure of how inter-connected hubs are relative to
connections with non-hubs, at varying thresholds of degree. The normalised rich club
coefficient is calculated as the ratio of the empirical coefficient to the coefficient of a
random network, and thus the rich club of the empirical network can be defined at the
value of k where Φ is greater than 1.
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Figure S3. Topological properties of the MSNs from the NIH T1w human and UNCUW macaque cohorts. The network properties for an independent normative human (A)
and macaque cohort (B), estimated as in Figure S2, were highly consistent with those
found in the MSNs in the primary NSPN cohort (i.e., small-world with high modularity).
These results demonstrate the reproducibility and generalisability of morphometric
similarity mapping using data acquired at different field strengths and processed with
different analysis pipelines and software.
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Figure S4. Distance effects on edge weights, and assessment of inter-individual
variation in the MSNs. A) Logarithmic regression curves showing the effect of distance
on the edge weights of each of the group average MSNs (Left) and the whole-genome (N
= 20,737 genes) and HSE-only (N = 19 genes) gene co-expression networks (Right). For
all networks, long distance connections were generally weaker than short distance
connections. The distance of each edge for the group macaque MSN was scaled by a
factor of three to account for brain size differences between the species. B) Boxplots
showing inter-individual variation of the MSNs of each cohort, assessed as the standard
deviation across subjects for each of the edges (Right) and nodal averages of the edge
weights (Left). At the level of the nodes, the 5-feature T1w MSNs had a larger average
standard deviation than the 10-feature multimodal human and 8-feature multimodal
macaque MSNs, as expected given the fewer amount of features used to generate the
networks. At the level of the edges, the trend was similar, however the multimodal
macaque MSNs exhibited a lower average standard deviation (albeit a wider range) than
the multimodal 10-feature multimodal human MSNs. Lower and upper bounds of the
boxplots represent the 1st (25%) and 3rd (75%) quartiles, respectively. Confidence
intervals in A) represent the standard error of the mean.
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Figure S5. Topography of regional HSE gene expression and co-expression, and
gene enrichment results from the leave-one-out analysis with the group average
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MSN (NSPN). A) Average expression values for each of the 19 human supragranular
enriched (HSE) genes within each of the seven classes of cytoarchitecture. Average
expression was highest in classes 1-3, similar to the distribution of nodal similarity for
each of the individual 10-feature NSPN MSNs (see Figure 3). B) Left-hemisphere
topography of nodal gene co-expression, calculated as the average co-expression
(Pearson’s r) values, of the whole-genome and HSE-only gene co-expression networks.
The pattern of nodal similarity of the group average 10-feature NSPN MSN was similar to
that of nodal co-expression of both the whole-genome (r = 0.41, P < 0.001) and HSE-only
networks (r = 0.48, P < 0.001). C) Gene enrichment of the list of genes ranked by
contribution to the edgewise relationship between the whole-genome gene co-expression
network and the group average 10-feature NSPN MSN (r = 0.33, P < 0.001). Contribution
for a gene was calculated as the difference between this empirical correlation (r = 0.33)
and the correlation when using a gene co-expression network without that given gene.
This ranked list was enriched for genes related to potassium ion transport and synaptic
transmission (biological process), as well as neuron and synapse morphology (cellular
component). The median rank of the 19 HSE genes within this list was 1,889/20,737, and
was significantly greater than the median rank of 10,000 random subsets of 19 genes (P
< 0.0001). These results demonstrate a link between regional gene expression (and coexpression) and morphometric similarity, and further, that this relationship is driven by
genes related to cortical cytoarchitecture and neural structure and communication.
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