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Defining and expanding the phenotype of QARS-associated developmental
epileptic encephalopathy

Objective The study is aimed at widening the clinical and genetic spectrum and at assessing genotype-
phenotype associations in QARS encephalopathy.

Methods Through diagnostic gene panel screening in an epilepsy cohort, and recruiting through Gene-
Matcher and our international network, we collected 10 patients with biallelic QARS variants. In addition, we
collected data on 12 patients described in the literature to further delineate the associated phenotype in a total
cohort of 22 patients. Computer modeling was used to assess changes on protein folding.

Results Biallelic pathogenic variants in QARS cause a triad of progressive microcephaly, moderate to severe
developmental delay, and early-onset epilepsy. Microcephaly was present at birth in 65%, and in all patients at
follow-up. Moderate (14%) or severe (73%) developmental delay was characteristic, with no achievement of sitting
(85%), walking (86%), or talking (90%). Additional features included irritability (91%), hypertonia/spasticity
(75%), hypotonia (83%), stereotypic movements (75%), and short stature (56%). Seventy-nine percent had
pharmacoresistant epilepsy with mainly neonatal onset. Characteristic cranial MRI findings include early-onset
progressive atrophy of cerebral cortex (89%) and cerebellum (61%), enlargement of ventricles (95%), and age-
dependent delayed myelination (88%). A small subset of patients displayed a less severe phenotype.

Conclusions These data revealed first genotype-phenotype associations and may serve for improved
interpretation of new QARS variants and well-founded genetic counseling.
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Critical exon indexing improves clinical interpretation of copy number variants in
neurodevelopmental disorders

Objective To evaluate a new tool to aid interpretation of copy number variants (CNVs) in individuals with
neurodevelopmental disabilities.

Methods Critical exon indexing (CEI) was used to identify genes with critical exons (CEGs) from clinically
reported CNVs, which may contribute to neurodevelopmental disorders (NDDs). The 742 pathogenic CNVs
and 1,363 variants of unknown significance (VUS) identified by chromosomal microarray analysis in 5,487
individuals with NDDs were subjected to CEI to identify CEGs. CEGs identified in a subsequent random series
of VUS were evaluated for relevance to CNV interpretation.

Results CEI identified a total of 2,492 unique CEGs in pathogenic CNVs and 953 in VUS compared with 259
CEGs in 6,965 CNVs from 873 controls. These differences are highly significant (p < 0.00001) whether compared
as frequency, average, or normalized by CNV size. Twenty-one percent of VUS CEGs were not represented in
Online Mendelian Inheritance in Man, highlighting limitations of existing resources for identifying potentially
impactful genes within CNVs. CEGs were highly correlated with other indices and known pathways of relevance.
Separately, 136 randomVUS reports were reevaluated, and 76%of CEGs had not been commented on. Inmultiple
cases, further investigation yielded additional relevant literature aiding interpretation. As one specific example, we
discuss GTF2I as a CEG, which likely alters interpretation of several reported duplication VUS in the Williams-
Beuren region.

Conclusions Application of CEI to CNVs in individuals with NDDs can identify genes of potential clinical
relevance, aid laboratories in effectively searching the clinical literature, and support the clinical reporting of
poorly annotated VUS.
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