
We proposed a specific workflow to consider potential missing novel variants in our MD
WES cohort according to GATK and gnomAD standards. After prefiltering, we increased
the yield of potential novel variants when compare with only VQSR filtering. From a
selection of 21 high impact novel variants and 86 moderate impact novel variants, we
kept 8 potential new candidate novel variants for MD (Table 1) after functional
annotation priorization.
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An immense genetic heterogeneity is
underlying more common markers,
being ultra-rare variants that have gone
unnoticed in prioritization and discovery
protocols important players in complex
disorders. Therefore, ultra-rare variants
are difficult to find recurrent between
individuals sharing a similar phenotype
in a complex disease background. In
this study, we selected novel variants in
a cohort of unresolved patients with
Ménière's disease (MD), in order to
expand the genetic architecture
associated with the disorder.

1. Cohort: 407 whole-exome sequenced
MD patients.

2. Calling quality filtering: 1) Prefiltering
by AB, GQ, DP, and VQSR; 2) No
prefiltering VQSR (Figure 1).

3. Annotation: VEP for population
frequencies, pathogenicity scores and
ACMG criteria.

4. Novelty filtering against CSVS,
gnomAD and TOPMED.

5. Priorization of damaging variants:
CADD, constraint from gnomAD.

6. Validation: IGV and Sanger
sequencing (Figure 2).
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Figure 1. Proposed workflow 
for novel variant discovery. 
Two parallel VQSR filtering, 
with and without allele 
balance hard-prefiltering 
(right) were performed. 
Overlapping of resultant 
potential true positive 
variants can be observed in 
the attached Venn diagram 
(down) for Loss-of-Function 
(LoF) and Missense variants.

1. We have detected and validated
different multiplex novel variants
for unresolved MD patients from a
WES cohort.

2. Potential false negative novel
variants may be missed during
quality filtering, so allele balance
and genotype quality pre-filtering
should be included for future
analysis of candidate variants for
MD to improve the yield after VQSR
quality filtering.
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Gene name Position REF ALT

CADD 

PHRED LOEUF Alelle Count

NIN chr14:50758457 C T 40 0.43 2

NALCN chr13:101057938 C T 33 0.52 2

COG4 chr16:70481763 C T 34 0.71 2

ACAN chr15:88868225 A C 21.9 1.03 4

FAM193A chr4:2596130 C T 23.8 0.96 2

FAM193A chr4:2646782 G A 19.73 0.96 2

DOCK4 chr7:111769578 C T 28.9 0.83 3

DOCK4 chr7:111915875 C T 27.1 0.83 2
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Table 1. Multiplex novel variants found in MD WES cohort for
missense and LoF variant categories. These variants were evaluated
as potential pathogenic through CADD and LOEUF scores. All these
genes were found to be differentially expressed in inner ear.

Figure 2. Validation of multiplex novel 
variants found in different unresolved MD 
patients through IGV visualization (right). 
All the variants found were heterozygous 
for each carrier.  Variants were also 
validated through Sanger sequencing (data 
not shown).
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