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1. Additional Methods:
1.1 Alignment of brain regions—Reduced approach    
Since the regions sampled do not align perfectly between the two brains, in additional analyses we created alignment by grouping the 893 and 946 sampled locations by anatomical proximity into 117 common larger regions based on the Automatic Anatomical Labelling brain parcellation scheme with the addition of the brain stem (Tzourio-Mazoyer et al., 2002). Gene expression levels were averaged within these larger regions for each brain.  The number of sampled points that were averaged together to create our 117 larger regions ranges from 1 to 30 for all regions but the brain stem; in this latter region, we averaged over 100 of the original sampled points to obtain our summary. Table S1A shows how the original data were reduced to these 117 regions.  In the gray matter, the summary regions contain between 1 and 30 of the original sampled locations.  In contrast, due to the design of the acquisition, the brain stem summaries are based on 112 regions for brain 1 and 148 samples for 2.   We refer to this as the reduced set of data.  The voxel level connectivity data was also aggregated to 117 larger brain regions and the same weighted count approach was used to obtain a connectivity matrix that are comparable between the two brains. Hence, elements of this matrix measure connection density between reduced seed regions and the other 116 brain regions. Thus, finer-scale relationships between connectivity and gene expression cannot be estimated in these data.  In this reduced set of brain regions, we also calculated representative connectivity measures on the IIT Human Brain Atlas (v.3) template. 

We refer to analysis of these 117 regions as the reduced approach.  When needed for clarity, the analysis here and in the main manuscript of over 700 brain regions is referred to as the full approach.

1.2 Probe and gene selection
1. We removed probes with no Entrez ID
2. To keep only one probe per gene, we:
a. Kept the most variable one if there were only two probes,
b. Kept the most connected probes with the others probes if there were more than two probes for a gene. This was performed using the collapseRows function in the WGCNA R package (Zhang and Horvarth, 2005; Langfelder and Horvath, 2008; Miller et al., 2011).  Using all the probes from a gene, a signed weighted network was defined. The weight between probes  and  was defined as (, where is the Pearson correlation between probes  and . The most connected probe was kept, i.e. the one that satisfied .
3. We selected the mo most variables genes since we are interested in genes that are differentially expressed across brain regions.  Therefore, we retained approximately 50% of the most variable probes (10,395 from the 20,787 genes). To do this, we looked at the variance of expression for the retained probes in both brains across the 117 reduced regions. We kept half the genes that were the most variables in both brains by finding the value  for which around 50% of the genes had a variance  in brain 1 and in brain 2 (in our data ). The variances of gene expression in both brains are strongly correlated (correlation of 0.9115). For consistency, the same set of genes were used in the analysis of all regions (full approach).
                                                  
1.3 WGCNA performed on gene expression data
Using the filtered cleaned gene expression data, we performed the following steps in WGCNA:
1. Evaluated the Pearson correlations between all the pairs of gene expression profile ( for pair of genes  and  to obtain a gene gene correlation matrix.
2. The matrix of correlations was transformed to obtain a similarity matrix with values between , , by using . This way, we kept the sign of the correlation (Langfelder and Horvath, 2007; Mason et al, 2009).
3. We used a soft threshold with the power function to obtain the adjacency functions,  , where  is chosen according to the scale-free criterion. (Here we used ).
4. We then transformed this matrix into the topological overlap matrix (TOM). Where , with  and . Note that in a unweighed network  would be equivalent to the number of nodes connected to both nodes  and , while  represents the connectivity of node .
5. Suppose that an entry of the TOM matrix for brain  is defined as , then we defined the consensus TOM matrix, such that each entry . This allowed us to detect modules that are present in both brains.
6. The distance matrix was then obtained by taking 1-TOM.
7. A hierarchical tree was then built using this distance matrix.
8. We used the hybrid dynamic tree cutting algorithm implemented in the WGCNA R package with the default values to cut the dendrogram and define the clusters of genes.
We used the power adjacency function since it has been shown to be more robust and to give more biologically relevant modules (Zhang and Horvath, 2005). Borate et al. (2009) did a comparison of the different ways to threshold gene co-expression matrices. They compare their different thresholds to a reference based on biological information. They demonstrate that the use of statistical threshold based only on the distribution of correlation do not create results that are closed to the biological threshold, while threshold based on network measures were more biologically significant.

1.4 WGCNA performed on the connectivity matrix—reduced approach
Above steps 1 through 3 were not applied on the connectivity matrix, since it already is an estimate of a biological network. Therefore, we felt it was not necessary to perform these steps. But we did use the TOM procedure on the connectivity matrix to remove spurious connection. Using the estimated structural connectivity matrix, we performed the following steps in WGCNA:
1. We transformed this matrix into the topological overlap matrix (TOM).
2. Suppose that an entry of the TOM matrix for brain  is defined as , then we defined the consensus TOM matrix, such that each entry . This allowed us to detect modules that are present in both brains.
3. The distance matrix was then obtained by taking 1-TOM.
4. A hierarchical tree was then built using this distance matrix.
5. We used the hybrid dynamic tree cutting algorithm implemented in the WGCNA R package with the default values to cut the dendrogram and define the clusters of brain regions.

1.5 Validation of gene clusters
One way to validate clusters is to visually compare the way the elements are clustered between two data sets; this kind of tabulated comparison is shown in Figure S8.  However, this approach is difficult to summarize, and may depend on tuning parameter choices.  Therefore, we also performed validation of the clusters using the approaches for module validation developed by Langfelder et al. (2011). Their method consists of combining different network preservation statistics, and then to assess the combined significance of these statistics using permutation tests. 
The preservation statistics proposed by Langfelder and colleagues look at how the genes derived from a specific module are similarly connected (i.e. form a similar network) in a test dataset. If these genes in the test network share similar network properties as in the reference dataset, we can assume that the module is preserved. 
Langfelder and colleagues use metrics for two different types of network properties:
1. The density: which assesses if the module genes are still highly connected in the test network.
1. The connectivity: which assesses if the connectivity patterns seen in the reference network are still present in the test network.
The density statistic used is simply the mean of the adjacencies values for the nodes in the modules. For the connectivity, we used two statistics: the correlation between the adjacencies values from the reference network and the adjacencies values from the test network, and the correlation between the intramodular connectivity in the reference network and the intramodular connectivity in the test network. Highly connected nodes in the reference network should also be highly connected in the test network.

The mean and variance of each preservation statistic was estimated using a permutation procedure that shuffles the module labels in the test datasets. This allows the definition of a Z statistic, which under the null hypothesis of no preservation will follow a standardized Normal distribution. The significance threshold was suggested by the authors based on their large simulation study. The authors suggest a combined preservation statistic for the connectivity, which consists of using the median of the two Z connectivity statistics. A composite preservation statistic is then proposed by taking the mean of the two Z statistics (the Z density preservation statistic and the combined Z connectivity statistics). For our analysis, we can see that all modules except the black and the brown, are preserved at both the density and the connectivity levels (Figure 2A).   This means that the genes in these modules have both a similar pattern of connectivity with each other and a similar connectivity strength. In contrast, the brown and black modules have a similar pattern of connectivity in the test network, but the strength of the connections are different between the reference and the test networks. 

In our analyses the consensus matrix was calculated from the minimum entries across the TOM matrices from the 4 additional brains where only left hemisphere data were available; it should also be noted that these 4 additional brains were from individuals of mixed ethnicity and sex, whereas the 2 brains in our analysis were both from male individuals of African American ancestry.    

2. Additional results, from reduced approach
2.1 Gene clusters:
WGCNA identified 13 consensus gene clusters demonstrating similar patterns of expression across the reduced set of 117 brain regions in both brains. The heatmaps in Figures S6A (brain 1), and S6B (brain 2) represent the eigengene intensities across brain regions in our gene expression clusters. Not surprisingly, the eigengene patterns are simpler when fewer brain regions are analyzed (when compared to Figures 3A and 3B). To visualize the results, the sampled brain regions were clustered based on their connectivity (see below for more details). Similar to the results of the full approach, many of the eigengenes show distinct levels of expression (either very high or very low) in the brain regions situated in the cerebellum and vermis (), implying that these regions are behaving very differently relative to the rest of the brain. Furthermore, several of the eigengenes are highly correlated with each other (Figures S7A, B). 

In an evaluation of the cluster quality, 11 of the 13 reduced clusters showed strong evidence of cluster preservation between the reference network and the test network, indicating that the clustering of gene expression is likely to represent intrinsic features across many different brains. Only the brown and the black clusters demonstrated low to moderate evidence of preservation (see Figure S10).  Further examination of the network preservation statistics shows that density-related properties were poorly preserved in the black and brown clusters. The blue, pink, and turquoise modules from the reduced approach contain a large proportion of the genes that were identified as highly-expressed in astrocytes.  In contrast, oligodendrocyte-expressed genes are primarily found in the yellow module, and the genes with high expression in neurons tend to be in the blue, green and purple modules.  

2.2 Clustering of the connectivity matrix in the reduced approach: 
When using our reduced analytic approach, we clustered the connectivity matrix to define an ordering for the 117 brain regions along the x-axes in Figures S6A and S6B. The clustering was based on a TOM transformation of the ACD measures of connectivity. This grouped the 117 brain regions into 11 groups,  (see Table S6 for additional notation); this partitioning of the brain regions aligns well with known functional systems (see Table S7) such as audition and language, movement regulation, and memory subnetworks.  However, we note that this clustering of connectivity was not intended to suggest new functional groupings of brain regions, nor to lead to further network overlap analyses, but was undertaken simply to lay out our figures and results. Figure S11 shows the 3D localization on the brain of our 11 connectivity clusters, . As could be expected, the hemispheres are clearly separated since inter-hemispheric connectivity is low by comparison with intra-hemisphere connectivity, particularly when measured with DW-MRI tractography methods (see Discussion). Since this was undertaken only for visualization, pathway analyses and other modelling results are not dependent on this choice.  

The stability of these clusters of brain regions was assessed by comparing results on the two Allen Brain Atlas brains to the IIT Human Brain Atlas (v.3) template, where the brain regions were clustered using the same method as for the two individual brains. To assess whether the cluster assignments agreed more often than expected by chance, we cross-tabulated the cluster assignments and used the Fisher exact test to obtain p-values for non-random assortment of the cluster labels. The results showed strong concordance (see Figure S12); notably, the left cerebellum (), right cerebellum () and vermis () are clustered in exactly the same way.  There seem to be two additional clusters identified in the template brain, but these are largely the result of a separation of one group (ex: former cluster ) into two (ex: new clusters  and ).   Although we also examined several cluster-preservation statistics for the connectivity matrices, these statistics do not perform well when there are only a small number of elements in each cluster, as was the case with our connectivity data.  Therefore, these results are not reported. 

For consistency with the gene expression analyses, the TOM transformation was applied to the connectivity matrix prior to clustering. Therefore, for comparison purposes, we also clustered directly using the tractography-based connectivity measures (i.e. without the TOM).  This sensitivity analysis led to extremely similar clusters of brain regions overall, although one cluster () was subdivided into three when the TOM matrix was not used (Table S7 legend). It is likely that the two cluster sets are similar because the original connectivity network is already robust to spurious connection. Although some connectivity clusters clearly align well with functional groupings (see Table S7), other clusters contain some dissimilar and/or complementary anatomical labels.  This may be the result of using a rough macroscopic parcellation of the gray matter.  That is, data quality issues and limitations of the used tractography algorithm could affect the structural-functional match.

2.3 Correlations between adult gene expression patterns and connectivity 
Pearson correlations were calculated between the eigengenes from the WGCNA analysis of the gene expression data and the 117 seed region connectivity vectors (Figures S13A, S13B show p-values for the correlations, and Figures S14A, S14B show the correlations).   Figures S13A, S13B clearly indicate that several gene expression clusters—particularly pink, blue, green and turquoise—are highly correlated with many of the connectivity vectors, particularly vectors with seed regions in the cerebellum and vermis (p-values < 6.6e-08, in brain 1 for cerebellum, vermis versus these 4 gene clusters) (Table S7).  For these pairings, the p-values are well below a conservative Bonferroni-corrected threshold for multiple testing at 1%.  We can also see (Supplemental Figures S14A, S14B) that the turquoise cluster displays positive statistically-significant correlations with the connectivity clusters mentioned above, while the blue, green and pink clusters display negative statistically-significant correlations with these connectivity clusters.  Since a signed network was used to generate the gene clusters, this implies that coordinated coexpression of genes in the turquoise module may promote or be promoted by neural connectivity, whereas an inverse relationship holds for the blue and green clusters.  The turquoise module contains many genes associated with chromatin remodelling (Table S8) that may define the cell types involved in connectivity.

There is a visually-apparent congruency of patterns across the different gene clusters in Figures S14A, and S14B.  A similar conclusion was drawn in the analysis of the full set of regions. To assess whether such structure was likely to happen by chance, permutation analysis was performed.  We first calculated the average correlation in a block defined by a cluster of brain regions and a cluster of genes. Then the brain region labels were randomly reassigned to 11 connectivity clusters of the same size, and the average correlations between the eigengenes and the regions assigned to each cluster were re-calculated.  The Kolmogorov-Smirnov test was used to compare the permuted distribution of the correlations (across 13 gene clusters by 11 brain regions) to the data in Figures S14A and S14B. All of 500 permutations showed a distribution of the average correlation statistically different than the one obtained from the sampled dataset. The maximum p-value observed was 0.02299 and the third quartile of p-values was 5.638 x 10-5, indicating marked deviation from random patterns.  

2.4 Analysis of enriched pathways for gene clusters identified with the reduced approach
Table S8 shows the results of the pathway enrichment analysis for the gene clusters identified in the reduced approach. To explore functional motifs particularly related to neural connectivity, an additional summary of the pathway analysis results was created using Fisher’s method to combine p-values. Table S9 displays 20 pathways where the Fisher combined p-values were smallest across three connectivity-correlated gene clusters (turquoise, blue, green and pink) while being not significant in the other 9 modules (using Fisher’s method again). Table S9 shows a remarkably specific enrichment of pathways involved in network plasticity; these pathways may also be highlighted because of the differences in brain activity between cell types that vary in predominance across the brain, hence underscoring the need for adjustments implemented in the elastic net models.  
2.5 Reduced approach analyses adjusted for major axes of variation in gene expression:
To estimate how much of the inter-region variability in the reduced approach cluster eigengenes could be explained by the columns of the reduced connectivity matrix, we used elastic net models from the glmnet R package (Zou and Hastie, 2005; Friedman et al., 2010). Elastic net regression incorporates both variable selection and shrinkage of parameters to reduce overfitting (Zou and Hastie, 2005). Due to the strong similarity of patterns seen in Figures S13A and S13B, analyses were corrected for potential confounding due to differences in cell type composition and brain activity across the regions of the brain.  We first fit linear models for each brain and gene cluster, predicting the eigengene as a function of the first two principal components of expression of the analyzed 10,395 genes and all 117 brain regions to protect against confounding arising from large differences between brain regions both in cell type mixture and activity. The residuals from these models were then used as the response variable in the elastic net models. To select the parameters that give the best predictive model, we repeated (ten times) a five-fold cross-validation procedure, averaging the results, while constraining the two penalties to be equal with a mixing parameter of 0.5. To assess statistical significance associated with the connectivity vectors retained in the final models, we performed 1,000 permutations of the residuals. The estimated p-values is then equivalent to the proportion of the permutations that generated a model with higher  then the one obtained in the original model.

For brain 1, there were four eigengenes (from the magenta, pink, tan and turquoise clusters) where seed connectivity vectors made statistically significant (p<0.05) contributions to the elastic net model  (Table S10).   Statistical significance was strongest for the pink module (p<1/1000), and connectivity vectors from the left orbital part of inferior frontal gyrus, left olfactory cortex, left gyrus rectus, left calcarine sulcus, left cuneus, left middle occipital, left precuneus regions as well as the brain stem were selected to have non-zero coefficients.  In brain 2, only one gene cluster (greenyellow) demonstrated significant associations with connectivity vectors seeded from the right posterior cingulate gyrus, left calcarine sulcus, and the left and right cuneus regions.
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Supporting Figures:

Figure S1: Heatmaps of expression for the conserved and discarded genes using different thresholds. Genes kept in our analysis are represented on the left, and the discarded genes on the right. Top row (resp. bottom) represents the genes kept while using a threshold of 60% (resp. 40%). Expression is on the y-axis, and the color labels on the y-axis represent the clusters of genes presented in the manuscript based on gene expression (with dark grey representing the discarded genes in our analysis). The color labels on the top x-axis represent the clusters brain regions based on anatomical ontology. We can see that there is very little pattern among the excluded genes. Hence, it is evident that there is little signal for clustering among the genes we removed.  Thresholds of 40% or 60% give quite similar clustering patterns.
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Figure S2. -log10 p-values for Pearson correlations between eigengene intensities derived from the TOM and seed region connectivity vectors in brain 1 (A) and brain 2 (B). The horizontal axis groups the connectivity vectors as in Table S1B.
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Figure S3.  Pearson correlations (corresponding to Figure S2 p-values) between eigengene intensities derived from the TOM and seed region connectivity vectors in brain 1 (A) and brain 2 (B). The horizontal axis groups the connectivity vectors as in Table S1B.
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Figure S4:  Principal component analysis of gene expression in brain 2, using all genes retained for analysis, showing the first and second principal components. The sampled brain regions are colored according to their location: cerebellum (red), cerebral cortex (green), vermis (purple) or other (turquoise). 
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Figure S5: Correlations between the unadjusted and adjusted eigengenes from analysis using the full approach. Figures A and B represent the correlations between the eigengenes for brain 1 (A) and brain 2 (B).  Figures C and D represent the correlation between the residuals of a linear regression of the eigengenes and two principal components, for brain 1 (C—adjusted for PC1 and PC2) and brain 2 (D – adjusted for PC1 and PC3).   
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Figure S6: Heatmap representations of the eigengene intensities in brain 1 (A) and brain 2 (B) for the reduced approach.  Along the horizontal axis, the brain regions have been grouped by clustering of the 117 connectivity vectors (see Table S1A). 
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Figure S7: Correlations between unadjusted and adjusted eigengenes for the reduced approach. Figures A and B represent the correlations between the eigengenes of the reduced model for brain 1 (A) and brain 2 (B).  Figures C and D represent the correlations between the residuals of a linear regression of the eigengenes and the two first principal components, for brain 1 (C) and brain 2 (B).
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Figure S8. Overlap in gene clustering when using WGCNA on all genes versus using only the 50% most variable genes.  The number of genes falling into different clusters is shown when using all the genes (vertical axis) versus the clusters obtained when using half of the genes (horizontal axis).  The colours in the table represent -log(p-value) for the Fisher exact test.  The grey60 cluster column contains all the excluded genes.
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Figure S9: Correlation between individual gene expression profiles and connectivity. Correlations between the expression profiles of each gene and the connectivity matrix. Results from brain 1 (A) and brain 2 (B).  This Figure shows results of the full approach.
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Figure S10. Network preservation statistics from reduced approach. Cluster validation compared network properties of the consensus reference network (based on the gene expression measures of the two brains) to the consensus test network (based on the four additional brains where no DW-MRI data were available). The Z summary score combines two other scores to summarize the stability of each cluster; see Supplement for details.  A score higher than 10 (green dashed line) represents strong evidence of cluster preservation, and a score between 2 and 10 (blue and green dashed lines) represents low to moderate evidence of preservation.  
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Figure S11. Clusters of brain regions based on connectivity measures in reduced approach. We have used colors to facilitate cluster visualization: : Cyan, : Blue, : Green, : Red, : Orange, : Turquoise, : Dark blue, : Purple, : Pink, : Yellow, : Green Yellow. The size of the nodes represents the average connectivity of this brain region in brain 1. The figure was created using BrainNet Viewer (Xia et al. 2013).
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Figure S12. Validation of the connectivity clusters from the reduced approach. Cross-tabulation of the number of brain regions clustered together when the connectivity clustering was based on the two brains from the Allen Brain Atlas (vertical axis) versus the template brain connectivity matrix (horizontal axis). For example, 5 of the 7 brain regions in  are in the cluster  while the remaining two are in cluster . The colours in the table represent -log(p-value) for the Fisher exact test (see Supplementary Methods section 2.2 for more details).
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Figure S13. -log10 p-values corresponding to Pearson correlations between the cluster eigengenes and the connectivity matrix in brain1 (A) and brain 2 (B) from the reduced approach. The colors in the heatmap represent the correlation strength between the first principal component of the gene expression within a cluster and the pattern of connectivity across the brain regions. Red represents strong positive correlation, while blue represents strong negative correlation. Along the horizontal axis, the brain regions have been grouped according to the connectivity clusters in Table S1A.
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[bookmark: _GoBack]Figure S14. Correlations between the cluster eigengenes and the connectivity matrix in brain1 (A) and brain 2 (B) from the reduced approach. The colors in the heatmap represent the correlation strength between the first principal component of the gene expression within a cluster and the pattern of connectivity across the brain regions. Red represents strong positive correlation, while blue represents strong negative correlation. Along the horizontal axis, the brain regions have been grouped according to the connectivity clusters in Table S1A.
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Supporting Tables:
Table S1: Groupings of brain regions.  (A) Number of sampled brain regions and anatomical labels for each of the 117 larger brain regions used in the reduced approach. (B) Number of samples in each of the 18 anatomical clusters of brain regions used in the full model.   

(see  https://www.mcgill.ca/statisticalgenetics/files/statisticalgenetics/forest_et_al_2017_table_s1ab.docx )


Table S2: Genes in each cluster, and their correlations with the cluster eigengene. Lists of all the genes in each cluster, one tab per cluster. The correlation between the expression profiles of each gene with the cluster eigengene in brain 1 can be found in the second column (third column for brain 2). The average correlation of both brains is found in the last column. The genes are ranked based on the average correlation (highest to lowest). 

(see: https://www.mcgill.ca/statisticalgenetics/files/statisticalgenetics/forest_et_al_2017_table_s2.xlsx )






Table S3: Pathway enrichment analysis results, full model. Results from the Cluego+CluePedia features within Cytoscape using the 10 gene clusters of the full model, one tab per cluster. The databases KEGG, Reactome, GO Biological function, and GO Molecular function were used. The first column contains the pathways names, then the next two columns contain the corrected (using Benjamini-Hochberg) and non-corrected p-values for enrichment of the pathways in the module. The fourth and fifth columns contain the number and the proportion of genes from the pathway found in the cluster. The next two columns contain the genes from the pathways found in the cluster, and the list of all the genes in the pathway. The remaining columns contain ID specific to Cytoscape (SUID), and different ID related to the databases used.

(see: https://www.mcgill.ca/statisticalgenetics/files/statisticalgenetics/forest_et_al_2017_table_s3.xlsx )
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Table S4. Correspondence of modules from reduced and full analysis.  Columns:  full approach with over 700 brain regions; Rows: reduced approach of 117 brain regions

	
	Cyan
	Sienna
	Lavender
	Orange
	Steelblue
	Grey
	Seagreen
	Coral
	Orchid
	Plum
	Navy
	Total

	Pink
	359
	11
	1
	142
	22
	15
	5
	14
	8
	1
	7
	585

	Blue
	126
	31
	6
	842
	26
	63
	61
	275
	12
	6
	25
	1473

	Red
	3
	117
	23
	16
	11
	53
	220
	26
	2
	121
	23
	615

	Brown
	85
	14
	127
	4
	896
	18
	0
	0
	210
	0
	46
	1400

	Turquoise
	100
	995
	195
	11
	182
	88
	117
	2
	102
	42
	63
	1897

	Yellow
	992
	20
	5
	1
	35
	16
	5
	1
	105
	0
	11
	1191

	Magenta
	408
	26
	2
	13
	40
	6
	1
	2
	46
	0
	31
	575

	Grey
	11
	19
	32
	13
	22
	35
	3
	10
	10
	8
	10
	173

	Green
	9
	23
	7
	169
	5
	15
	64
	495
	3
	39
	11
	840

	Greenyellow
	2
	14
	2
	5
	1
	2
	209
	17
	0
	36
	2
	290

	Black
	14
	4
	21
	1
	165
	10
	1
	1
	19
	2
	351
	589

	Purple
	0
	2
	0
	51
	0
	5
	25
	80
	0
	170
	0
	333

	Tan
	0
	15
	3
	9
	1
	8
	121
	7
	0
	76
	2
	242

	Salmon
	0
	6
	6
	3
	0
	8
	137
	8
	0
	23
	1
	192

	Total
	2109
	1297
	430
	1280
	1406
	323
	969
	938
	517
	524
	583
	10395




Table S5: Increase in connectivity due to the utilisation of the TOM.  The last column shows the ratio of sums of all pairwise connectivities between two sets of genes. The numerator is calculated with TOM, and the denominator without the TOM, for the same two sets of genes.  We performed this calculation for all genes, and then for various gene sets derived from examining the WGCNA gene clusters.  Gene sets are named by the WGCNA modules from which they are selected by retaining the overlapping genes between a TOM module and a "no TOM" module. When the two sets of genes indicated are the same, we took the sums of the lower triangular sub-matrix from the connectivity matrices.   


	First set of genes 
	Second set of genes
	Ratio of sums of  connectivities

	All
	All
	2.410

	Genes that were in one of our key modules with TOM, but in the catchall grey cluster without the TOM 

	TOM:Navy – noTOM:Grey
	TOM:Navy – noTOM:Grey
	1.485

	TOM:Orange – noTOM:Grey
	TOM:Orange – noTOM:Grey
	2.034

	TOM:Orchid – noTOM:Grey
	TOM:Orchid – noTOM:Grey
	2.099

	TOM:Plum – noTOM:Grey
	TOM:Plum – noTOM:Grey
	2.037

	

	Same first set as above; while the second set are the genes in one of our key clusters.

	TOM:Navy – noTOM:Grey
	TOM:Navy – noTOM:Red
	2.875

	TOM:Orange – noTOM:Grey
	TOM:Orange – noTOM:Green
	4.843

	TOM:Orchid – noTOM:Grey
	TOM:Orchid – noTOM:Brown
	4.374

	TOM:Plum – noTOM:Grey
	TOM:Plum – noTOM:Pink
	6.487

	

	Genes with similar clustering with and without TOM

	TOM:Navy – noTOM:Red
	TOM:Navy – noTOM:Red
	1.424

	TOM:Orange – noTOM:Green
	TOM:Orange – noTOM:Green
	1.671

	TOM:Orchid – noTOM:Brown
	TOM:Orchid – noTOM:Brown
	1.685

	TOM:Plum – noTOM:Pink
	TOM:Plum – noTOM:Pink
	1.206







Table S6.  Complete set of notation

	Notation
	Description

	[image: ]=10,395
	number of genes analysed

	[image: ]
	number of brain regions analysed.  for the reduced analysis;  for brain 1 and b=730 for brain 2 in the full analysis

	 and     
	is the gene expression matrix,  is the expression of gene  in brain region .

	    
	is the symmetric connectivity matrix.

	     
	is the jth row of  (or column since the matrix is symmetric).

	    
	is the number of clusters based on gene expression.

	    
	is the number of clusters based on connectivity.

	    
	is the ith cluster of genes, from either reduced(R) or full (F) analysis.


	    
	is the jth cluster of brain regions, from either reduced(R) or full (F) analysis.


	     
	is the kth cluster of brain regions based on the template brain connectivity matrix.

	    
	is the eigengene of cluster  or .

	
	is the correlation between the eigengene of cluster  and the jth row of the connectivity matrix. 




Table S7: Brain regions found in each cluster using the reduced approach when clustering using the TOM measure.  We have provided suggestive definitions for clusters by examining the functional descriptions of the most prominent brain regions in each cluster.  In a sensitivity analysis, which clustered the brain regions without using the TOM (directly using connectivity) ,  and  were almost identical (with only one brain region (Right Lobule VI of cerebellar hemisphere) moving from  to ), and with cluster  being subdivided into three clusters. 

	Cluster Label
	Brain Regions
	Definition

	
	Left rolandic operculum, Left postcentral gyrus, Left superior parietal lobule,
	Left inferior parietal lobule, Left supramarginal gyrus, Left angular gyrus,
	Left transverse temporal gyri,	
Left superior temporal gyrus.
	left audition, language

	
	Right superior frontal gyrus, dorsolateral,
Right superior frontal gyrus, orbital part,
Right middle frontal gyrus, lateral part,
Right middle frontal gyrus, orbital part,
Right opercular part of inferior frontal gyrus,
Right area triangularis,
Right orbital part of inferior frontal gyrus,
	Right rolandic operculum,	
Right olfactory cortex,
Right superior frontal gyrus, medial part,
Right superior frontal gyrus, medial orbital part,
Right gyrus rectus,
Right insula,
Right anterior cingulate gyrus,
	Right caudate nucleus,
Right putamen,
Right globus pallidus,
Right thalamus,
Right transverse temporal gyri,
Right superior temporal gyrus,
Right middle temporal gyrus.
	right attention, motivation, sensorimotor integration, executive function

	
	Right Lobule III of cerebellar hemisphere,
Right lobule IV, V of cerebellar hemisphere,
Lobule I, II of vermis,
	Lobule III of vermis, Lobule IV, V of vermis,
Lobule VI of vermis,
Lobule VII of vermis,
	Lobule VIII of vermis, Lobule IX of vermis,
Lobule X of vermis (nodulus).
	postural regulation and locomotion

	
	Right precentral gyrus,
Right supplementary motor area,
Right middle cingulate,
Right postcentral gyrus,
	Right superior parietal lobule,
Right inferior parietal lobule, Right supramarginal gyrus,
	Right angular gyrus,
Right paracentral lobule.
	No predominant functional categories

	
	Right hippocampus,
Right parahippocampal gyrus,
	Right amygdala,
Right fusiform gyrus,
Right superior temporal pole,
	Right middle temporal pole,
Right inferior temporal gyrus.
	right association and declarative memory

	
	Left posterior cingulate gyrus,
Left calcarine sulcus,
Left cuneus,
	Left lingual gyrus,
Left superior occipital,
Left middle occipital,
	Left inferior occipital,
Left precuneus.
	left posterior perceptual categorization

	
	Left hippocampus,
Left parahippocampal gyrus,
Left amygdala,
Left fusiform gyrus,
	 Left superior temporal pole,
Left middle temporal gyrus,
	Left middle temporal pole,
Left inferior temporal gyrus,
	left association and declarative memory

	
	Right crus I of cerebellar hemisphere,
Right crus II of cerebellar hemisphere,
Right Lobule VI of cerebellar hemisphere,
	 Right lobule VIIB of cerebellar hemisphere, Right lobule VIII of cerebellar hemisphere,
	Right lobule IX of cerebellar hemisphere,
Right lobule X of cerebellar hemisphere (flocculus).
	right movement regulation

	
	Right posterior cingulate gyrus,
Right calcarine sulcus,
Right cuneus,

	Right lingual gyrus,
Right superior occipital,
Right middle occipital,
	Right inferior occipital,
Right precuneus.
	rigtht posterior perceptual categorization

	
	Left precentral gyrus,
Left superior frontal gyrus, dorsolateral,
Left superior frontal gyrus, orbital part,
Left middle frontal gyrus, lateral part,
Left middle frontal gyrus, orbital part,
Left opercular part of inferior frontal gyrus,
Left area triangularis,

	 Left orbital part of inferior frontal gyrus,
Left supplementary motor area,
Left olfactory cortex,
Left superior frontal gyrus, medial part,
Left superior frontal gyrus, medial orbital part, Left gyrus rectus,
Left insula, 


	Left anterior cingulate gyrus,
Left middle cingulate,
Left paracentral lobule,
Left caudate nucleus,
Left putamen,
Left globus pallidus,
Left thalamus,
Brain Stem.
	left attention, motivation, sensorimotor integration, executive function

	
	Left crus I of cerebellar hemisphere,
Left crus II of cerebellar hemisphere,
Left Lobule III of cerebellar hemisphere,
Left lobule IV, V of cerebellar hemisphere,

	Left Lobule VI of cerebellar hemisphere,
Left lobule VIIB of cerebellar hemisphere,
Left lobule VIII of cerebellar hemisphere,
	Left lobule IX of cerebellar hemisphere,
Left lobule X of cerebellar hemisphere (flocculus).
	left movement regulation





Table S8: Pathway enrichment analysis results, reduced model. Results from the Cluego+CluePedia features within Cytoscape using the 13 gene clusters of the reduced model, one tab per cluster. The databases KEGG, Reactome, GO Biological function, and GO Molecular function were used. The first column contains the pathways names, then the next two columns contain the corrected (using Benjamini-Hochberg) and non-corrected p-values for enrichment of the pathways in the module. The fourth and fifth columns contain the number and the proportion of genes from the pathway found in the cluster. The next two columns contain the genes from the pathways found in the cluster, and the list of all the genes in the pathway. The remaining columns contain ID specific to Cytoscape (SUID), and different ID related to the databases used.

(see: https://www.mcgill.ca/statisticalgenetics/files/statisticalgenetics/forest_et_al_2017_table_s8.xlsx )



Table S9.  Terms found by Cytoscape analysis to be enriched in connectivity-correlated compared to non-connectivity-correlated gene modules. The combined p-value (corrected for false discovery rate (Benjamini and Hochberg, 1995)) for the Blue, Green, Pink and Turquoise modules, based on Fisher’s method, was used to select the 20 pathways with the strongest evidence for significant enrichment in these 4 clusters. Among the remaining 9 clusters of genes, the evidence for enrichment of these same pathways is summarized by the number of clusters where Cytoscape reported a result (and the number of clusters for which the p-values were lower than 5%), and by the Fisher-combined enrichment p-value (across clusters with non-missing p-values).   

	GOTERM
	P value, Blue cluster
	P value, Green cluster
	P value, Pink cluster
	P value, Turquoise cluster
	# of the remaining 9 clusters where this pathway was reported as enriched by  Cytoscape (P-val < 0.05)
	Fisher’s method p-value for the  9 other clusters

	cell projection
	6.86E-12
	0.636
	3.83E-03
	NA
	4 (1)
	0.0511

	somatodendritic compartment
	9.90E-09
	0.544
	0.0395
	NA
	4 (1)
	0.426

	postsynapse
	4.46E-09
	0.290
	0.218
	NA
	4 (1)
	0.0632

	postsynaptic membrane
	1.49E-08
	0.389
	0.721
	NA
	2 (1)
	0.0932

	cell-cell signaling
	5.68E-07
	0.0818
	0.139
	NA
	4 (1)
	0.0867

	nervous system development
	9.09E-08
	0.202
	0.354
	NA
	5 (1)
	0.0915

	cell projection organization
	9.79E-08
	0.842
	0.189
	NA
	6 (1)
	0.0752

	dendrite
	1.12E-06
	0.535
	0.0525
	NA
	5 (1)
	0.529

	axon
	2.14E-06
	0.306
	0.111
	NA
	4 (1)
	0.197

	cognition
	1.64E-05
	0.372
	0.242
	NA
	2 (1)
	0.143

	learning or memory
	1.81E-05
	0.301
	0.303
	NA
	2 (1)
	0.101

	regulation of phosphate metabolic process
	1.03E-03
	NA
	0.0151
	NA
	5 (0)
	0.960

	cell junction
	3.26E-05
	0.437
	0.141
	NA
	6 (1)
	0.236

	central nervous system neuron development
	2.94E-05
	0.964
	NA
	NA
	1 (0)
	0.957

	Neuronal System
	3.29E-04
	0.0585
	0.188
	NA
	4 (1)
	0.174

	HATs acetylate histones
	NA
	NA
	NA
	4.00E-04
	2 (1)
	0.0817

	multicellular organism development
	4.36E-05
	0.269
	0.426
	NA
	4 (1)
	0.05543

	NAD binding
	NA
	NA
	4.58E-04
	NA
	0 (0)
	1

	excitatory synapse
	4.27E-05
	0.443
	0.303
	NA
	4 (1)
	0.154

	neuron differentiation
	5.41E-05
	0.200
	0.665
	NA
	6(1)
	0.222






Table S10. Results of elastic net for the gene expression clusters.   Permutation p-values are reported for all clusters. When this permutation p-value is less than 0.05 the brain regions retained in the elastic net model are shown, together with the adjusted .

	Gene cluster
	Permuted p-value from Brain 1 
	Brain 1 vectors retained in elastic net model (Adj. )
	Permuted p-value from Brain 2 
	Brain 2 vectors retained in elastic net model (Adj. )

	Black
	0.221
	
	1.000
	

	Blue
	1.000
	
	0.282
	

	Brown
	1.000
	
	1.000
	

	Green
	0.069
	
	0.512
	

	Greenyellow
	0.157
	
	0.010
	Right posterior cingulate gyrus, Left calcarine sulcus, Left cuneus, Right cuneus (0.079)

	Magenta
	0.019
	Left olfactory cortex, Left calcarine sulcus, Left cuneus, Left middle occipital, BrainStem (0.0641)
	0.441
	

	Pink
	<0.0001
	Left orbital part of inferior frontal gyrus, Left olfactory cortex, Left gyrus rectus, Left calcarine sulcus, Left cuneus, Left middle occipital, Left precuneus, BrainStem (0.301)
	0.392
	Right cuneus (4.60e-17)

	Purple
	0.610
	
	0.438
	

	Red
	0.060
	
	1.000
	

	Salmon
	0.228
	 
	0.107
	

	Tan
	0.013
	Left posterior cingulate gyrus, Left cuneus, Left middle occipital, Left fusiform gyrus, Right thalamus, Right lobule IV, V of cerebellar hemisphere (0.0760)
	0.285
	

	Turquoise
	0.025
	Left calcarine sulcus, Left cuneus (0.0410)
	0.318
	

	Yellow
	0.277
	
	0.113
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