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Supplementary Figures 

 
Supplementary Figure 1 
Schematic for analysis workflow. 
In 534 subjects carrying one of eight CNVs, we have computed Cohen’s d between the carriers and 312 
controls separately for each of the 400 brain regions (Schaefer-Yeo reference atlas). Cohen’s d brain map 
quantifies the magnitude of structural change for each CNV. The low magnitude of Pearson’s correlations 
between Cohen’s d brain maps of different CNVs shows that CNVs have distinct effects on brain volumes. 
In the next step, we estimated eight LDA models to classify between controls and each of the eight 
different CNVs. We then performed a phenome-wide association study (PheWAS) by computing Pearson’s 
correlation between the expression of each of the eight intermediate CNV phenotypes and 977 
phenotypes spanning 11 categories in 39,085 UK Biobank subjects. When we compared PheWAS profiles 
across CNVs, we found strong correlations suggesting that CNVs are linked with similar phenotypes. In 
conclusion, the similarity of CNV phenotypic portfolios exceeded those of volumetric intermediate 
phenotypes. 
  



 
Supplementary Figure 2 
Intermediate phenotype expressions in the UK Biobank 
We quantified the presence of each CNV-specific intermediate phenotype derived from the clinical 
dataset. Here, we plot letter-value (boxen) plots for CNVs with at least five carriers in the UK Biobank. In 
all of these CNVs, the expression of respective intermediate phenotype was higher in actual CNV carries 
than in non-CNV carries based on two-sample bootstrap hypothesis test for difference of means with 
10,000 bootstrap replicates. The boxen plot depicts a large number of quantiles for the expression scores. 
  



 
Supplementary Figure 3 
Dissecting PheWAS analyses across 11 categories 
We inspected which of our eleven categories are most strongly and most consistently associated with CNV 
status. a) The 977 available phenotypes span eleven categories. Three categories dominated our PheWAS, 
with more than 200 phenotypes per category. b) Strongest associations across categories and CNVs. We 
plot the maximal absolute Pearson’s correlation for each category and CNV. The strongest associations 
are in the physical measures – general and blood assays category. c) Shared associations across CNVs. The 
number of shared phenotypical associations varied between 0 and 43 (16p11.2 proximal duplication and 
22q11.2 deletion). Moreover, the number of shared associations is significantly correlated with the 
phenotypical similarity between CNVs (r = 0.80, p < 10-4). These results support the high phenotypical 
similarities among different CNV loci. 
 



 
Supplementary Figure 4 
Significant PheWAS associations for 1q21.1 distal deletion intermediate phenotype expression. 
 



 
Supplementary Figure 5 
Significant PheWAS associations for 1q21.1 distal duplication intermediate phenotype expression. 
 



 
Supplementary Figure 6 
Significant PheWAS associations for 15q11.2 deletion intermediate phenotype expression. 
 



 
Supplementary Figure 7 
Significant PheWAS associations for 15q11.2 duplication intermediate phenotype expression. 
 



 
Supplementary Figure 8 
Significant PheWAS associations for 16p11.2 proximal deletion intermediate phenotype expression. 
 



 
Supplementary Figure 9 
Significant PheWAS associations for 16p11.2 proximal duplication intermediate phenotype expression. 
 



 
Supplementary Figure 10 
Significant PheWAS associations for 22q11.2 deletion intermediate phenotype expression. 
 



 
Supplementary Figure 11 
Significant PheWAS associations for 22q11.2 duplication intermediate phenotype expression. 
 



 
Supplementary Figure 12 
The influence of inclusion 15q11.2 deletions and duplications from the UK Biobank. 
We performed a sensitivity analysis aimed at the consequences of excluding 15q11.2 carriers from the UK 
Biobank and treating them as part of our clinical dataset. a) Comparison of CNV-specific Cohen’s d brain 
maps using Pearson’s correlation. Even after excluding this CNV locus from the analysis, we still observe 
higher phenotypic similarity compared to morphological similarity. Asterisk denotes FDR-corrected spin 
permutation p-values. b) Similarly, we still observe a high number of associations in physical, blood assays, 
or early life factors categories. The inclusion of 15q11.2 also does not affect our conclusions about the 
body-wide consequences of CNVs or late phenotypic convergence. 
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Supplementary Figure 13 
Sensitivity analysis of Cohen's d results. 
Replication of Cohen’s d analyses with non-parametric metric for effect size. a) Normality of regional brain 
volumes. The p-values of the Kolmogorov-Smirnoff goodness of fit test are presented separately for each 
brain region (across all subjects). The null hypothesis of a sample coming from a normal distribution 
cannot be rejected for most brain regions. b) Distribution of regional brain volumes across all subjects for 
a brain region for which we can reject the null hypothesis. The distribution still significantly resembles the 
Gaussian distribution, as supported by the Q-Q plot. This aspect is vital since LDA readily tolerates 
departures from Gaussian distribution in the individual input variables. c) Comparison of conclusions 
based on Cohen's d and Cliff's delta. We further replicated our results by comparing the Cohen's d brain 
maps from each pair of CNVs using Pearson’s correlation. The wide range and low magnitude of Pearson's 
correlations show that CNVs have distinct effects on brain volumes. We obtained identical results using 
Cliff's delta instead of Cohen's d. Again, we observe a low level of similarity between Cliff's delta brain 
maps and, therefore, different effects on CNVs on brain morphology. Asterisk denotes FDR-corrected spin 
permutation p-values. 
  



 
Supplementary Figure 14 
Derived intermediate phenotypes independent of diagnosis. 
We performed a sensitivity analysis to assess the influence of ASD and schizophrenia on derived 
intermediate phenotypes. We repeated the calculation of intermediate phenotypes after removing all 
subjects with an ASD or schizophrenia diagnosis in the clinically assessed cohort. Pearson’s r corresponds 
to the similarity between the intermediate phenotypes from the original (Fig. 2b) and sensitivity analysis. 
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