
Group connectomes: weighted and unweighted
For both the unweighted and weighted networks, a group-averaged network
was computed. (1) For unweighted, from the set of 21 individual connectiv-
ity matrices M, a group average connectivity matrix Mgroup was computed
by selecting all connections that were present in at least 75% of the group of
subjects. (2, 3) Next, across the individual weighted connectivity matrices
Mw-nos/Mw-nosROI, a group-averaged weighted Mgroup was computed by
averaging the cell values of the individual matrices for those connections
present in the unweighted matrix M in the subgroup of subjects (i.e., �75%,
leaving out zero entries). (4) Using a similar approach, a group-averaged
weighted Mgroupw-fa was computed, by averaging the FA values of the con-
nections over the group of subjects.

Rich-club organization
Graph metrics. Graph theory was used to examine the topology of the recon-
structed brain networks. Characteristic measures of network organization
were computed, including the (node-specific) degree k, clustering coeffi-
cient, characteristic path length, betweenness centrality, normalized clus-
tering coefficient and normalized path length (both normalized relative

to a set of 100 comparable random graphs), global efficiency, assortativ-
ity, and modularity. Graph metrics were computed using the Brain Con-
nectivity Toolbox as described previously (Rubinov and Sporns 2010).
The centerpiece of the present paper is the investigation of rich clubs of
hub nodes, which we examine by computing the rich-club coefficients
�(k) across a range of degree k of the networks.

Unweighted network. For a given M, the degree of each node i in the
network was determined, counting the number of links that node i shared
with k other nodes in the network. All nodes that showed a number of
connections of �k were removed from the network. For the remaining net-
work, the rich-club coefficient �(k) was computed as the ratio of connec-
tions present between the remaining nodes and the total number of possible
connections that would be present when the set would be fully connected.
Formally, the rich-club coefficient �(k) is given by the following (Zhou and
Mondragon, 2004; Colizza et al., 2006; McAuley et al., 2007):

��k� �
2E�k

N�k�N�k � 1�
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Figure 1. I, Structural network reconstruction. The figure illustrates the different steps in the reconstruction of the individual brain networks. A, First, the DTI data was processed and a collection
of possible fibers in the brain was computed using deterministic fiber tracking (see Materials and Methods). B, T1 anatomical images were used to segment different cortical and subcortical
structures (illustrated in Fig. 2). C, The DTI and anatomical template information was combined by determining for each combination of regions i and j (i.e., nodes in the network) how many fiber
tracts of the total collection interconnected region i and j. D, Connections were assembled into unweighted and weighted connectivity matrices M. E, From the resulting (individual and group-
averaged) unweighted and weighted matrices, different graph metrics, including rich-club organization, were computed. II, Regional segmentation scheme. The brain was segmented into 82 brain
regions, consisting of 68 cortical regions (34 in each hemisphere) and 14 subcortical regions (7 in each hemisphere).
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