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Abstract Genetic mosaicism is the state in which there are two or more different sets of cells
in a single individual because of one or more postzygotic mutations, and its importance in
clinical genetics has long been recognized (Hall, Am J Hum Genet 43: 355 [1988]). In this
Perspective, a paper in this special issue on mosaicism from Cook et al. (Cold Spring
Harb Mol Case Studies 7: a006125 [2021]) is discussed.

Even before we had the ability to detect genetic mosaicism, clinical features such as hemi-
hypertrophy or patchy skin findings were recognized as physical clues suggesting an under-
lying somatic mosaic variant. Karyotype analysis of cultured cells was one of the first tests that
allowed the identification of mosaic chromosomal abnormalities. Clinical observations such
as segmental neurofibromatosis suggested single-gene somatic variation, later confirmed
by analysis of affected tissue when Sanger sequencing developed. Similarly, germline (go-
nadal) mosaicism for a single-gene disease in an unaffected parent was first suggested by
the rare clinical observation of multiple affected children with a severe, presumably domi-
nant disorder when both parents were phenotypically normal.

Fast-forward to 2021. The suite of tools that can be used to detect genetic mosaicism—
and their sensitivity—has grown substantially. Sanger sequencing confirmed many of the
early predictions about mosaicism made by clinical observations, but levels of mosaicism be-
low ~10%—-20% are difficult to reliably detect. Over the past decade, much more sensitive
tools have emerged. Next-generation sequencing (NGS) offers the advantage over
Sanger sequencing of producing discrete sequence reads that can be counted, and the frac-
tion of reads with a specific variant can be calculated, reflecting the proportion of variant-car-
rying cells in the affected tissue. Furthermore, the depth of coverage—or total number of
reads generated—can be adjusted to increase sensitivity. Droplet digital polymerase chain
reaction (ddPCR) is a method to interrogate specific variants and allows the detection of ex-
tremely low levels of mosaicism. Single-nucleotide polymorphism (SNP) microarrays can
detect mosaic copy-number variants. Application of these tools in research and clinical set-
tings over the past decade has established an important role for mosaicism in clinical
genetics.

In this issue, Cook et al. (2021) report the frequency of mosaic pathogenic variants in a
cohort of 500 individuals with suspected genetic disease who had trio exome or genome se-
quencing for diagnostic purposes through the CAUSES study. They identify 12 (2.4%; 4.6%
of families who received a genetic diagnosis) families in which the causative genetic variant is
mosaic in the proband (n=3) or in a parent (n=9). Their results highlight the various ways
that mosaicism can present in families with genetic disease. Although they only identified
three mosaic probands, their results confirm that the level of mosaicism detected by clinical
sequencing of accessible tissue (often blood or saliva) cannot be used to predict severity. Of
the three probands with mosaic pathogenic variants, one presented with physical asymmetry
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suggestive of mosaicism and had a milder overall presentation of disease than expected
(46% variant allele frequency [VAF] for X-linked CASK variant in a male). In the other two cas-
es, the phenotype of the mosaic individual was not distinguishable from the expected phe-
notype; one individual had a fairly low level of mosaicism (VAF of 13% in autosomal gene
TRIO), whereas the other had a high level of mosaicism (VAF of 90% in X-linked SLC6A8
in a male). Nine parents (1.8% of families; 3.4% of families with a diagnosis) were found to
harbor the same pathogenic variant as their affected child, with VAFs ranging from 1.6%
to 18%. Only one parent had mild manifestations of disease, whereas the other eight had
no clinical features.

The frequency of mosaicism in genetic disorders is likely underestimated in this study for
several reasons. First, the study was not designed specifically to detect mosaicism. Clinical
genome sequencing is performed at approximately one-third the sequence coverage of
exome sequencing. This limits the detection of low-level mosaicism; indeed, 9/12 mosaic
variants in this study were detected by exome sequencing. Exome sequencing may still
miss very low-level mosaicism, depending on sequence depth. Second, the sequence
data were generated using blood-derived DNA, which would prevent detection of any dis-
ease-causing variant that is only present in affected tissue(s). There are numerous examples
of mosaic variants limited to affected tissues, including Proteus syndrome (Lindhurst et al.
2011), PIK3CA-related overgrowth syndrome (Mirzaa et al. 2016), hemimegalencephaly
(Lee et al. 2012), and vascular malformations (Luks et al. 2015) among others. Germline mo-
saicism is a special consideration of mosaicism that may be tissue-restricted (Yang et al.
2021). In this study, a mosaic parent was identified in 3.4% of families with a genetic diagno-
sis, a rate similar to several other studies (Myers et al. 2018; Mgller et al. 2019), but a parent
with mosaicism restricted to the germline would be missed.

Identifying mosaicism in a proband or a parent has important implications for recurrence
risk counseling in the clinical setting. Families who have a child with a de novo pathogenic
variant have traditionally been counseled that recurrence risk is ~1%. This is an empirical
risk estimate that takes into account the infrequent possibility of germline parental mosai-
cism, but detection of the same pathogenic variant in a parent can significantly increase
the recurrence risk (up to 50%). On the other hand, if the de novo pathogenic variant arose
postzygotically in the proband, the recurrence risk truly is ~0%. Differentiating between
these two scenarios can have significant clinical impact.

The ongoing challenge for clinicians and genetic testing providers is to determine when
to suspect mosaicism and which test to use to detect it. The study by Cook and colleagues
was not designed specifically to detect mosaicism, but their approach is representative of
current diagnostic genetic testing using NGS and clearly shows the importance of consider-
ing mosaicism when interpreting sequence results. Mosaicism may play an even greater role
in genetic disease than we are able to detect today. Combining clinical judgment to select
potentially mosaic individuals with innovative genetic approaches to detect variants will re-
veal the full spectrum and impact of mosaicism in genetic disease.
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