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Methods
We identified maternal copy-number variants (mCNVs) spanning at least 200kb in 87,255 NIPS 
samples. We calculated the proportion of each autosomal, 10Mb sliding window that was covered 
by at least three observed deletions in our mCNV dataset, termed the “deletion span” (Figure 
1). The corresponding duplication span served as a proxy to control for CNV propensity in the 
region. The ratio of the two spans (“dup:del ratio”) and the gene density was evaluated for 
known pathogenic microdeletions, as well as 10Mb windows tiling the genome (Figure 2).

Introduction
While non-invasive prenatal screening (NIPS) has largely focused on detecting fetal trisomies 
of chromosomes 13, 18, and 21 due to their well-established clinical consequences, novel fetal 
microdeletions can also be identified by NIPS. However, these variants are challenging to interpret 
clinically and are often reported as findings without specific interpretations. We investigated 
whether the prevalence of copy-number variants (CNVs) in an ostensibly healthy population 
could aid the interpretation of novel microdeletions.

Figure 1:  Calculating the duplication and deletion spans based on observed CNVs in an ostensibly healthy 
population. The “duplication span” and “deletion span” values were calculated by counting the percentage of bins in 
a 10Mb window at which the depth (count) of mCNVs is ≥3. Dotted boxes demarcate regions with sufficient mCNV 
depth to contribute to the span percentage. In the duplication span schematic, the dotted boxes constitute 50% of 
bins in the 10Mb window, and in the deletion span schematic, 30% of bins are in the dotted boxes; thus, the duplication 
and deletion spans 50% and 30%, respectively.
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Results
The deletion and duplication span measurements were significantly correlated (Pearson r = 0.73; Figures 2 
and 3), consistent with there being an intrinsic positional-dependent propensity for CNVs. We postulated 
that microdeletions would be pathogenic if they had high dup:del ratio (Figure 4: red triangles) and/
or high gene density. Three of five commonly tested pathogenic microdeletions (1p36, 4p16, 15q11) 
had high gene density and elevated dup:del ratio (Figure 5: red triangles). The 22q11.21 region had 
a nearly 1:1 dup:del ratio (10th percentile), but high gene density. The 5p13 region had the opposite: 
an elevated dup:del ratio (≥99th percentile) but near-average gene density. Most additional expert-
curated microdeletions of at least 1Mb (Figure 5: purple diamonds) were also outliers in one or both 
metrics, with two exceptions that had low span values (≤10%). These findings suggest that general 
CNV-intolerance can be an additional metric to consider when interpreting novel microdeletions. Large 
mCNVs observed in our ostensibly healthy cohort (Figure 5: yellow circles) were evaluated using the 
dup:del ratio and gene density metrics, and all but one had low or average values, consistent with these 
variants being benign as expected. The one outlier with high dup:del ratio (13q34 terminal deletion; 
Figure 5: arrow) was indeed reported as pathogenic in the literature.¹

Figure 2:  Examples of the span 
values and gene content for 
chromosomes 4 and 5. Gray regions 
indicate the common 4p16 and 5p15 
microdeletions.

Conclusion
Novel microdeletions could be evaluated for their gene density and duplication:deletion 
ratio to determine possible pathogenicity. Either metric in isolation might fail to identify 
certain pathogenic variants.
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Figure 3:  The deletion and 
duplication spans are correlated. 
2D histogram of the deletion and 
duplication spans (Pearson r = 
0.73, p < 0.05) with their respective 
1D histograms above and at right. 
The duplication span was generally 
larger than the deletion span: more 
duplications are observed to cover a 
a typical 10 Mb window compared to 
deletions.

Figure 4:  The dup:del ratio alone 
does not suffice in discriminating 
pathogenic CNVs. The dup:del 
ratios of common microdeletions 
(red triangles) are plotted relative 
to a histogram of dup:del ratios of 
10Mb moving windows across the 
autosomes.

Figure 5:  The dup:del ratio in combination with the gene content can be used to discriminate pathogenic 
CNVs. Common microdeletions and most other pathogenic ICCG2 microdeletions (purple diamonds) are 
outliers in either their gene density or dup:del ratio compared to 10Mb windows (2D histogram in background; 
dark: more density / light: less density). Arrow indicates an observed pathogenic 13q34 maternal terminal 
microdeletion that is an outlier in both parameters, while other observed maternal deletions (yellow circles)—
expected to be benign—had low values.
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