
Conclusions
CNVs make a considerable and widespread contribution to population carrier burden for serious 
and clinically actionable Mendelian diseases. For multiple genes, identified pathogenic CNVs 
were found to be exceptionally diverse and/or absent from the case literature, making them 
unsuitable for common/founder CNV testing alone.  Inclusion of panel-wide novel CNV calling in 
an expanded carrier screen will, therefore, serve to maximize the detection rate for patients.
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Introduction
Copy number variants (CNVs) are large, exon-level deletions or duplications that require special 
handling to detect with high accuracy.  In conventional expanded carrier screening, specific 
testing for CNVs is restricted to a subset of genes where a frequent contribution to disease 
has been established (e.g., DMD) or a founder variant is known. In addition, for a number 
of established hereditary disorders, CNV analysis is absent from published case studies and is 
not routinely employed for diagnostic testing. Consequently, the contribution of CNVs remains 
largely unexplored for a considerable number of genetic disorders. Here we present findings 
from an expanded carrier screen incorporating panel-wide CNV calling, providing population 
CNV frequency data across a large number of recessive Mendelian disease genes.

Published case evidence for identified CNVs
Among CNV carriers, 18.9% harbored novel pathogenic variants, representing ~300 distinct 
CNVs not reported in the literature (Fig. 4).

Figure 1: Summary of the major evidence considerations for CNV classification. Additional factors (not 
shown) include the presence/absence of exons in biologically relevant transcripts. Duplications are considered 
to be in tandem for DMD; structure/location is presumed unknown for CFTR, and case-evidence is required. 
DM (disease-causing mutation): variant reported in an affected case(s).
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Results
CNVs contribute to population carrier burden across a large number of 
hereditary diseases
A total of 2,506 pathogenic CNVs were identified, accounting for 1 in 30 detected carriers across 
the 165 disease genes (Fig. 3a). Furthermore, pathogenic CNVs were detected in 84% (139/165) 
of genes, surpassing 5% of carriers for a total of 36 diseases (Fig. 3b). The inclusion of panel-
wide CNV detection boosts test sensitivity by 2.6% above that with CNV testing for DMD alone,  
as estimated using modeled fetal disease risk (MFDR) (Fig. 3c).2,3

Methods
Counsyl offers an NGS-based expanded carrier screen for 176 recessive diseases that includes 
panel-wide screening for CNVs. CNVs are identified using custom software that leverages NGS 
read-depth values.1 Subsequently, ACMG-based variant classification is employed. Pathogenic 
classifications rely primarily on published cases and/or a predicted high-impact deleterious effect 
on gene function (Fig. 1).

Figure 3:  Contribution of CNVs to detected carriers of pathogenic alleles (n=72,625). (A) The percentage 
of carriers attributable to variants of alternative molecular class. (B) The percentage contribution of CNVs 
to carriers by gene/disease (green bars, top axis) superimposed with the total number of detected carriers 
for each gene (orange bars, bottom axis) . (C) Modeled fetal disease risk (MFDR) is the disease probability 
in a conceptus of randomly selected male and female parents and is used to quantify the relative yields of 
different screening panels and methods.2,3 The addition of panel-wide CNV testing improves test sensitivity as 
quantified by MFDR. 
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Figure 5:   (Top) Unique CNVs identified in genes with >5% CNV contribution to carriers. Alternative 
colors (yellow, orange, green) indicate the level of supporting case evidence in the literature (see Fig. 4). 
Alternating segment shading represents CNVs detected with a unique exon composition.

This study included results from CNV screening of 136,946 individuals for 165 of the panel’s 
diseases; eleven conditions were excluded from this study due to specialized assay design or 
frequent involvement in contiguous gene deletion (Fig. 2).

Figure 2:  Disease carrier counts 
excluded from the study. Eleven panel 
genes were excluded (see text), together 
with three high frequency variants with 
complex contribution to disease.

Published CNV diversity varies significantly by gene 
For certain genes, e.g., CLN3, CTNS, GALC, HEXB, over 90% of CNV carriers were attributed 
to a single known founder pathogenic variant. At the opposite extreme, over 30 distinct CNVs 
were found to contribute to carriers for DMD, FANCA and USH2A (Fig. 5).

Figure 4:   Published 
case evidence supporting 
pathogenic CNVs. 
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