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A genotypic ascertainment approach to refute the
association of MYO1A variants with non-syndromic
deafness

John Patton1,3, Carmen Brewer2, Wade Chien2, Jennifer J Johnston1, Andrew J Griffith2

and Leslie G Biesecker*,1

Variants in the unconventional myosin gene, MYO1A, have been reported to cause non-syndromic sensorineural hearing loss with

a pattern of autosomal dominant inheritance. Others have challenged this association. We used a genotypic ascertainment study

design to test the association of MYO1A variants with hearing loss. We evaluated MYO1A variants from a cohort of 951

individuals with exome sequencing who were not ascertained for hearing loss. Five individuals had one of two variants claimed to

be associated with sensorineural hearing loss in a prior study and 33 individuals had one of 13 predicted deleterious variants.

We obtained audiology evaluations for 12 individuals with these variants of interest. The hearing acuity of the participants was

compared with age- and sex-matched controls and published age- and sex-specific reference ranges from a large population of

otologically screened adults. None of the participants had bilateral sensorineural hearing loss of moderate or greater severity.

These data do not support a causal relationship of variants in MYO1A to sensorineural hearing loss. We suggest that the

genotypic ascertainment method is useful to objectively evaluate gene-phenotype associations.
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INTRODUCTION

Hearing impairment is common—one in two individuals develop an
auditory deficit of greater than 25 dB HL by 80 years of age.1 Hearing
loss is attributable to genetic and environmental factors. Currently,
mutations in 33 genes have been associated with autosomal dominant
non-syndromic hearing loss (ADNSHL, Hereditary Hearing Loss
Homepage, URL: http://hereditaryhearingloss.org June 2015). One of
the genes that has been claimed to be associated with ADNSHL is
MYO1A.2 The authors of that report wrote ‘MYO1A is the first
myosin I family member found to be linked to human hereditary
deafness…’ and ‘Finally, the identification of at least six different
mutations suggests that this gene may be a significant contributor to
autosomal dominant cases.’ In North America, this would be
considered an assertion of pathogenicity for these variants. However,
it is unclear whether this is valid.3,4 We set out to test this hypothesis
using a distinct approach.
Human genetic research studies commonly apply a phenotype-first

paradigm with individuals (and matched controls) ascertained for a
phenotype who subsequently undergo molecular characterization. This
can lead to erroneous associations.5 To address the challenges and
limitations of the phenotype ascertainment paradigm,6,7 we applied a
novel genotype-ascertainment approach to genetic association. In this
approach, exome or genome sequencing of a broadly ascertained
cohort is performed first. Genotype results are then used to select a
subset of individuals and controls for targeted phenotype character-
ization. We applied this to individuals who were not ascertained for,
nor excluded for, hearing loss, for whom exome data were available.

We selected individuals who hadMYO1A variants and then performed
post hoc phenotyping for hearing loss. In this way, we hoped to reduce
one of the components of ascertainment bias and test the association
of variants in this gene with hearing status.

MATERIALS AND METHODS

Participant enrollment
The participants were enrolled through the ClinSeq project.8 They
ranged in age from 45 to 65 years at enrollment and were selected
for a range of atherosclerosis phenotypes, but not for personal or
family histories of hearing impairment, nor were individuals with
hearing loss excluded. The ClinSeq study has been reviewed and
approved by the NHGRI IRB and included written informed
consent for the primary study. Blood samples were obtained for
exome sequencing. Massively parallel sequencing procedures have
been described.9 Twelve individuals with variants of interest (see
below) in MYO1A (cases) and twelve individuals without MYO1A
variants (controls) were invited to the NIH to receive an audiology
evaluation including measurement of pure-tone thresholds, tym-
panometry, and a hearing-focused history interview. The controls
were selected by identifying the closest age- and sex-matched
individual within the ClinSeq data set to the cases who agreed to
participate. Five of these participants (three with variants of
interest and two controls) opted to submit an outside audiology
evaluation and participated in the history interview over the
phone. Informed consent for this substudy was obtained by
telephone conversation. The mean age of cases was 61.8 years
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and the mean age of controls was 62.5 years. Seven (58%) of the 12
case-control pairs were male and five (42%) were female.

Variant analysis
Exome data were generated from 951 participants enrolled in ClinSeq,
who had among them 2 456 493 unique variants. The data were
filtered for quality and frequency. A Most Probable Genotype score10

of ≥ 10 and a minor allele frequency of ≤ 0.01 were set as threshold
values for inclusion. Participants with variants in MYO1A reported as
pathogenic and variants predicted to be pathogenic were invited to
participate in the study. Predicted pathogenicity was evaluated by a
Combined Annotation Dependent Depletion11 score of ≥ 20. Muta-
tion nomenclature conforms with HGVS recommendations and is
referenced to NM_005379.3 or NC_000012.12. Exome data have been
deposited into dbGAP (phs000971.v1.p1 NHGRI ClinSeq) and the
variants have been submitted to ClinVar.

Audiology analysis
Hearing thresholds of each participant were compared with the 95th
centile age- and sex-based reference ranges from the ISO 7029
(International Standards Organization) cohort of otologically screened
adults.12 The better-hearing ear was determined based on the four-
frequency (500, 1000, 2000, and 4000 Hz) pure-tone average or, in the
case of equal pure tone averages, the 4000 Hz threshold was used to
select the better-hearing ear. Air conduction thresholds were used
unless there was a conductive (middle ear) hearing loss (bone
conduction thresholds better than air conduction thresholds by
410 dB). In this case, bone conduction thresholds were used to
represent sensory hearing acuity. The clinical degree of hearing loss
was categorized as follows: ≤ 20 dB HL=normal, 420–40 dB HL=
mild, 440–70 dB HL=moderate, 470–95 dB HL= severe, and
495 dB HL= profound.13

RESULTS

There were 40 distinct variants in MYO1A among 951 participants (See
Supplementary Table 1). Two variants were excluded because they had
a MAF of 0.0799 and 0.0374, which failed our frequency filter. We
invited all individuals harboring a variant described by Donaudy et al2

as associated with hearing impairment and all those with combined
annotation dependent depletion scores ≥ 20 to participate.
Twelve individuals, heterozygous for one each of six variants of

interest, participated in the study (Supplementary Table 1) and were
matched with 12 controls. Auditory testing results for the 24 tested
individuals (12 cases and 12 controls) are shown in Supplementary
Table 2.
Five of the 12 participants had variants previously claimed by

Donaudy et al to cause ADNSHL. Four of these five had c.277C4T
p.(Arg93*). Of the four with p.(Arg93*), two (participants 185517 and
136069) had hearing acuity within the ISO age- and sex-based 95th
centile ranges. The other two (160088 and 129395) had mild low-
frequency hearing loss thresholds that were outside the 95th centile. Of
the five with previously reported variants, one had the c.2021G4A p.
(Gly674Asp) variant. He was a 66-year-old man (132986) with hearing
within ISO norms.
Seven additional individuals had variants predicted to be deleterious

based on combined annotation dependent depletion scores ≥ 20.
A c.1011+2T4G predicted loss-of-function variant was found in a 63-
year-old woman (153417) whose hearing was within ISO norms. The
c.640+1G4C predicted loss-of-function variant was found in a 62-
year-old woman (125959) whose hearing was normal. The c.235G4T
p.(Ala79Ser) missense variant was identified in a 71-year-old man

(150934) with hearing within the ISO norms. Four individuals had
c.1882C4G p.(Arg628Gly). All four (169143, 166357, 128503, and
153663) had thresholds within the ISO 95th centiles bilaterally.
The pure-tone averages of the 12 individuals described above were

compared with the pure-tone averages of the controls. A multivariate
linear regression showed no significant association of hearing loss and
the presence of a MYO1A variant, controlling for age and gender. The
presence of a MYO1A variant yielded a coefficient of 4.342± 2.899,
P= 0.151. Age had a coefficient of 0.577± 0.300, P= 0.070. Gender
had a coefficient of 3.665± 3.016, P= 0.245. The four-frequency pure-
tone average for participants with putative pathogenic variants was
18.75 dB HL± 7.19. Controls from the cohort had a four-frequency
pure-tone average of 14.79 dB HL± 7.01, and the age- and sex-
matched ISO 7029 controls had a four-frequency pure-tone average of
12.39 dB HL± 2.93. The pure-tone averages of participants with
variants were not different from those of cohort controls (paired t-
test, P= 0.163) but did differ from those of ISO 7029 controls
(P= 0.0156), however, a difference of 6 dB is not clinically significant.
The exomes of the participants described here were also screened

for reported or predicted loss-of-function variants in the 99 genes
associated with non-syndromic deafness in the hereditary hearing loss
homepage (http://hereditaryhearingloss.org/ accessed June 2015). No
pathogenic variants in these alternate genes were found.

DISCUSSION

Our goal was to evaluate the effect of heterozygous deleterious variants
inMYO1A on sensorineural hearing using the genotypic ascertainment
approach to clinical research. By leveraging the ClinSeq resource, we
were able to identify a cohort of individuals with rare and predicted
deleterious variants inMYO1A for post hoc evaluation of their hearing
acuity. This approach to genotype–phenotype correlation reduces the
ascertainment bias of the conventional phenotypic ascertainment
approach.
None of our study subjects with MYO1A variants had a hearing loss

phenotype resembling that was originally claimed2 to be associated
with variants in this gene. Although Donaudy et al2 did not publish
audiograms, the hearing losses were described as sensorineural, mostly
moderate to profound with variable age of onset from congenital to
late onset. Individual patients were described as having bilateral severe
hearing loss p.(Val306Met) and p.(Ser910Pro); moderate to severe
bilateral sensorineural hearing loss p.(Arg93*), c.349-350insCTT, and
p.(Gly674Asp); moderate to severe unilateral sensorineural hearing
loss with early onset p.(Glu385Asp); moderate sensorineural hearing
loss p.(Ser797Phe); and mild sensorineural hearing loss p.(Gly662-
Glu). Our dataset includes five individuals with the same mutations
reported to be pathogenic in the original report2 and seven individuals
with predicted pathogenic variants, including two putative null
variants. Two individuals did have hearing worse than the 95th centile
of the ISO norms, and both were very mild low-frequency losses,
which is not considered to be clinically significant hearing loss
(Supplementary Table 2). Our data cannot exclude the hypothesis
that these MYO1A variants are genetic modifiers that increase
penetrance, instead of acting as primary disease-causing variants.
The existence of such modifiers has been suggested for other disorders,
such as hereditary breast and ovarian cancer.14 Alternative hypotheses
could include that MYO1A variants predispose to a peculiar sensitivity
to environmental noise or pharmacologic toxicity, or that penetrance
is dependent upon interaction with variants in other genes.15,16 Future
studies to evaluate this hypothesis, such as interactome analyzes, could
be fruitful.
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Other studies have failed to support the original MYO1A ADNSHL
report.2 Although Myo1a is expressed in the mouse cochlea, it is
not essential for hearing.4 In another study, deafness-associated
genes were evaluated in a cohort of 109 hearing-impaired
individuals.3 Three individuals had variants in MYO1A, including
c.2220T4G p.(Tyr740*), c.784T4C p.(Arg262*), and c.1985G4A
p.(Gly662Glu), but none of the variants co-segregated with hearing
loss in the pedigrees. Additionally, p.(Arg262*) was homozygous in
one patient with normal hearing.
In summary, we have employed a genotype ascertainment study

design that refutes the conclusion that mutations in MYO1A cause
ADNSHL. When combined with published mouse data and other
human data that fail to support this hypothesis, there are now more
studies arguing against pathogenicity, as opposed to the single initial
study in favor of pathogenicity. Our research groups have removed
MYO1A from the list of genes associated with ADNSHL and we
encourage others to consider doing the same.
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