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Figure S1. Read depths in the PCHDA gene cluster allow determination of PCDHA 
delCNV genotypes from WES and WGS data  
Shown are WES (A) and WGS (F) read depths over the region spanning the 13.6 kb and 16.8 
kb PCHDA8-10 deletion interval in an individual with wildtype PCDHA genotype. Blue double 
arrows denote region comprising the PCHDA7-9 interval. The red line delineate the boundary 
of the 13.6/16.8 kb delCNV.  In (B-E) are examples of read depth in the WES data and (G-J) 
WGS data representing the different PCHDA delCNV genotypes as indicated. The red lines 
denote the boundary of the deletions associated with the 16.8 or 13.6 kb PCHDA delCNVs.  
Note the complete absence of reads in individuals homozygous for the 16.8 kb delCNV. No 
individuals are found homozygous for the 13.6 kb delCNV, as the 13.6 kb delCNV are much 
more rare. Note coordinates of 13.6kb (nsv4684081) and 16.8kb (nsv4655880) deletion are 
chr5:140214374-140228422 and chr5:140222140-140238927 in human genome GRCh37 
reference or chr5:140834789-140848837 and chr5:140842555-140859342 in human genme 
GRCh38/hg38 reference.  



 

 

 
Figure S2. CNV in PCDHA gene cluster detected in GnomAD and 1KG database.  
 
The two common delCNVs in the PCDHA gene cluster analyzed in our study comprise: 
∆16.8kb deletion (nsv4655880) and ∆13.6kb deletion (nsv4684081). The coordinates of the 
∆16.8kb and ∆13.6kb (hg19) delCNV correspond to chr5:140222140-140238927 and 
chr5:140214374-140228422 (or chr5:140215019-140229049), respectively. For ∆13.6kb, 
precise breakpoints cannot be identified due to segmental duplications around 5’ and 3’ 
breakpoints of the 13.6kb delCNV.  
 
(A) Minor allele frequency of structural variants (SVs) from GnomAD SVs v2.1 control 
database (5,192 samples) for PCDHA gene family. This shows A7, A8, A9 and A10 genes in 
the PCDHA cluster are prone to deletion. DEL: Deletion; DUP: Duplication; INS: Insertion; 
INV: Inversion; CPX: Complex SV; INS:ME:ALU: Alu element insertion. 
 
(B) Allele-frequency for top 4 SVs from GnomAD SV v2.1 control database (Collins et al. 1) 
covering PCDHA7-PCDHA10. SV image and variant information were downloaded from 



GnomAD Browser: 
https://gnomad.broadinstitute.org/gene/ENSG00000204962?dataset=gnomad_sv_r2_1_contr
ols.  
 
(C) Allele-frequency for top 4 SVs in PCDHA cluster from 1000 genome project (1KG). 1KG 
2504 high coverage whole genome sequencing (WGS) data (~30X) from the New York 
Genome Center was used to manually identify the del CNVs.  The 16.8kb deletion CNV 
(DEL_5_63328 in GnomAD, 1KG_CNV1 in 1KG and nsv4655880 in dbVAR) was common 
in both GnomAD and 1KG database. A ~7kb deletion (DEL_5_63327) common in each 
population in GnomAD database likely encompasses multiple SVs, including the ~13.6 kb 
deletion (1KG_CNV2 in 1KG=∆13.6kb, nsv4684081 in dbVAR, covering PCDHA7, 
PCDHA8 and PCDHA9), as this 7kb deletion (MAF=0.0121) is only found in African 
population in 1000 genome project, and ~13.6kb deletion is a variant (MAF=0.0119) found 
mostly only in European population in 1000 genome project. The issue noted here is likely 
related to the limitation of the three software used for SV detection comprising cn.MOPS 
(Klambauer et al. 2), Manta (Chen et al. 3) and DELLY (Rausch et al. 4).  
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Figure S3. Ancestry matching with principal component analysis 

(A-D) PCA plots of WES data from PCGC and Pittsburgh patients and Framingham control 
subjects.  PC1 and PC2 are shown in (A), while PC3 and PC1 are shown in (B-D). Analysis 
along PC3 show tight clustering of Pittsburgh patients (D) as compared to the PCGC (C) and 
Framingham cohorts (B). 

(E) Same PCA plot as in (A) except self declared ancestry is indicated (black, white, mixed, 
other). Other” includes Hispanics, Asians, American Indian, etc. and “Mixed” refers to mixed 
racial background.  The patients included in the red box comprise the subpopulation of white 
subjects from Pittsburgh, Framingham and PCGC that were further stratified along PC3 in the 
PC3/PC1 plot in (F,G). The black box comprise black subjects from PCGC and Pittsburgh.  

(F,G) The three ellipses shown in (F) delineate the centroid for white subjects in each of the 
three cohorts - Pittsburgh (black), PCGC (blue), and Framingham (gold).  The black ellipse 
comprising most of the white subjects from Pittsburgh (F) were used for ancestry matching 
the white subjects from the PCGC and Framingham cohorts.  Shown in Panel G are the 
ancestry matched white patients from all three cohorts used for the PCDHA delCNV 
analyses. 

 
 


