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Abstract
Mutations in MYO15A are associated with deafness in humans, and shaker 2 mice also exhibit a
hearing loss due to defects of unconventional myosin 15a. We ascertained a consanguineous
Pakistani family with recessively inherited moderate to severe hearing loss, which putatively
segregated with markers linked to the DFNB3 locus. Prioritized sequencing of the second exon of
MYO15A from the DNA of all affected individuals of family revealed a duplication of Cytosine in
a stretch of seven repetitive C nucleotides (c.1185dupC). This mutation results in a frameshift and
incorporates a stop codon in the open reading frame of MYO15A (p.E396fsX431). The findings of
less severe hearing loss in families with linkage to DFNB3 are only reported for some individuals
with mutations in exon 2 of MYO15A, which are further supported by this study. Therefore, on
basis of linkage data and the presence of a less severe hearing loss phenotype, sequencing of a
single exon of MYO15A can efficiently identify the causative mutations in patients from these
families.
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1. Introduction
MYO15A is an unconventional myosin and has a role in the formation of stereocilia [1].
Myosins are actin-activated ATPase that use the hydrolysis of ATP to move on actin
filaments. Mutations in MYO15A result in profound deafness in humans [2,3] while the
orthologous gene is found mutated in mice [4]. Affected shaker 2 mice have mutations in
Myo15a and exhibit head tossing and circling behaviour with profound deafness. Electron
microscopic and immunohistochemical studies of inner ear of mutant mice show that hair
cell stereocilia are properly positioned on the apical surface of hair cells of the inner ear, but
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the lengths of stereocilia are shorter than those of wild-type mice [4]. Additionally,
MYO15A is also expressed in the pituitary [3] although no phenotype in humans or mice
have been associated with altered function of this gland.

MYO15A has 66 exons. The second exon encodes a large N-terminal extension in one of the
isoforms of MYO15A. A great number of missense and nonsense mutations have been
identified in exons encoding motor, FERM and MyTH4 domain of MYO15A which cause
profound deafness in humans [3,5–10]. Interestingly, however, three mutations were
recently identified in the alternatively spliced exon 2, which may cause a less severe
phenotype in some of the affected members in these families [6,7]. This suggests that
mutations in exon 2 of MYO15A may be involved in genetics of less severe hearing loss.

2. Family and methods
Family HLRB3 with three affected children in a single consanguineous union was
ascertained from Lahore, Pakistan (Fig. 1A). Institutional review board (IRB) approval was
obtained at School of Biological Sciences, University of the Punjab, Lahore, Pakistan. Blood
samples were collected for DNA analysis after written informed consent from each
participant of family or from parents in case of minor children. DNA was extracted with a
non-organic procedure [11,12]. Audiometry was performed with DANPLEX audiometer
model DA65 (Denmark). Hearing of affected individuals of the family was evaluated at
frequencies of 250Hz, 500Hz, 2000Hz, 4000Hz, and 8000Hz. A medical history was
obtained from all participants of the family in order to minimize the presence of hearing loss
due to medical and environmental causes. Vestibular system was evaluated by Romberg and
tandem gait tests. Additionally, the heights of all affected individuals were also measured.

Eight DNA samples were available for genotyping from family HLRB3. The family was
screened with fluorescently labeled markers for loci known to cause less severe hearing loss
phenotypes. These included DFNB2, DFNB3, DFNB4, DFNB8, DFNB16, DFNB21,
DFNB22, DFNB25, DFNB29, DFNB30, DFNB32, DFNB33, DFNB49, DFNB59, DFNB72
and DFNB79. DFNB1 was excluded by direct sequencing of GJB2. Two point LOD scores
were calculated by using FASTLINK with a disease allele frequency of 0.001. The
phenotype was coded as a fully penetrant autosomal recessive disorder. Primers were
designed to amplify MYO15A exon 2 in 7 overlapping fragments (sequences for
oligonucleotides are available on request). The PCR products were treated with Shrimp
Alkaline Phosphatase and Exonuclease I (Fermentas, Glen Burnie, MD) and sequenced with
Big Dye Terminators V. 3.1 (Applied Biosystems, Foster City, CA).

3. Results
Audiometric assessments revealed moderate to severe hearing loss in all affected individuals
in family HLRB3 at all frequencies (Fig. 1B), classified with respect to the ear with the
better hearing. The loss of hearing was profound in degree at the frequency of 8000 Hz in
the oldest affected individual (V:3). Audiometric assessments held three years apart did not
reveal progression of hearing loss in any of the affected individuals. Clinical and physical
examination suggested that deafness was not due to syndromes and other environmental
factors. Physical measurements of all three family HLRB3 affected individuals (ages 14, 12,
and 10 years) were normal and within the expected range for their age groups [13]. The
patients reported no problem with balance and tandem gait tests and Romberg tests were
normal indicating that vestibular system was not affected. However, ENG could not be
performed to conclusively rule out this possibility. The presence of problems related to
balance is possible in the affected individuals since there is loss of vestibular function in
deaf individuals from Bengkala when the mutation disrupts MYO15A isoform 2 [14].
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The affected children V:3, V:4 and V:5 were homozygous for alleles of three microsatellite
markers at the DFNB3 locus, D17S2196, D17S2206 and D17S2207 spanning and within
MYO15A while the parents were heterozygous for alleles at these markers (Fig. 1A). A
maximum two point LOD score of 2.3 was obtained at recombination fraction θ = 0 with the
marker D17S2196.

A less severe hearing loss due to mutations in MYO15A has only been reported if mutations
lie in the second exon of this gene, which has a total of 66 exons. We therefore prioritized
the second exon of MYO15A for sequencing analysis. Sequencing of the amplicons from
exon 2 of MYO15A revealed a duplication of a Cytosine in a stretch of 7 repetitive C
nucleotides, (c.1185dupC) in the DNA of all affected individuals in family HLRB3 (Fig.
1C). Other unaffected individuals were carriers for the mutation.

4. Discussion
DFNB3 is the third common locus for recessively inherited profound deafness in the
Pakistani population and mutations in MYO15A account for 5% of recessively inherited
severe to profound deafness [5]. Mutations of MYO15A are also a significant contributor to
profound deafness in many other world populations [3,6–10]. However, a less severe
hearing loss due to mutations of MYO15A has been reported only in a few members of two
Pakistani and a single Turkish family [6,7] and all of these mutations are in exon 2 of
MYO15A (summarized in Table 1). The hearing loss in family HLRB3 was not found to be
progressive and was of similar severity in all three affected individuals. In the two
previously reported families from Pakistan with mutations in exon 2 of MYO15A [6],
affected individuals had slight retention of hearing at low frequencies while the loss of
hearing was profound at high frequencies in all except one individual. One affected
individual in the Pakistani family, with p.G1112fsX1124 mutation, suffered from moderate
to severe hearing loss involving all frequencies. Interestingly, in the family from Turkey [7],
three affected individuals had similar hearing loss as in those in the Pakistani families (Table
1). However, their affected mother had moderate to severe hearing loss at 47 years of age
and her hearing was considerably better than the affected children, one of whom was 24
years old. Additionally, she reported that her hearing had gotten worse in the past eight
years, suggesting that hearing loss was progressive in nature. The degree of hearing loss of
her 28 year old affected offspring was not determined by audiometry but was reported to be
residual due to his good oral skills.

The mutation c.1185dupC identified in family HLRB3 results in a frameshift and introduces
an eventual stop codon in the MYO15A open reading frame (p.E396fsX431). It is possible
that this mutant transcript will be degraded by the mRNA surveillance system [15] due to
presence of a premature stop codon in the transcript. However, even if the transcript is
translated it is predicted to produce a short 430 amino acid protein with 35 wrongly
incorporated amino acid residues and will lack most of the domains of MYO15A, which
have been shown to be necessary for its activity and function

Genotype-phenotype correlations of MYO15A mutations and degree of hearing loss suggest
that mutations in all 66 exons cause profound deafness while those in exon 2 can also result
in some residual hearing at low frequencies or moderate to severe hearing loss. A role of
modifier genes in determining the level of deafness is also suggested since individuals with
identical mutations in exon 2 of MYO15A may exhibit different degrees of hearing loss
(Table 1). A mouse model with targeted disruption of long isoform of Myo15a will be
helpful in understanding the role of this isoform in the inner ear.

In Pakistan, seventeen missense, nonsense, and splice site mutations (p.Q1229X, c.8486G
>A, IVS4+1G>T, p.T1253fsX1277, p.Y1392X, p.K1557E, p.G1706V, p.L1730P,
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p.G2018R, p.Q2021X, p. T22051, p.G2244E, p.V2266M, p.2720H, p.V2940fsX3034,
p.L3160F and p.Q3492X) in exons encoding motor and first FERM domains of MYO15A
have been reported which cause profound deafness [5,6]. Identification of additional mutant
alleles and the prevalence of MYO15A mutations in less severe hearing loss remain to be
determined in a large subset of families with a similar phenotype from Pakistan.

The identification of a new mutation in exon 2 of MYO15A in family HLRB3 together with
less severe hearing loss of the affected individuals supports the hypothesis that mutations in
exon 2 may have less debilitating effects on hearing, in at least some affected individuals. It
also facilitates rapid identification of mutations in MYO15A when linkage of less severe
hearing loss to DFNB3 is detected.
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Figure 1. Phenotypic and genetic analysis for family HLRB3
A) Pedigree of HLRB3 along with haplotypes for markers on chromosome 17p11.2. Genetic
distances of markers in cM are taken from Rutgers’ human genetic map. Affected
individuals are homozygous for alleles of markers D17S2196, D17S2206 and D17S2207.
The gray bar highlights the haplotype carrying the disease allele. Different sizes of alleles
are denoted by letters (A, B and C).
B) Audiograms for all affected family members of family HLRB3. Audiometry was
conducted at two different age groups (11, 9, 7 and 14, 12, 10) for the affected children V: 3,
V: 4 and V: 5 respectively. “O” indicates air conduction for right ear, while “X” indicates air
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conduction for left ear. Audiograms of all affected individuals in family HLRB3 revealed
moderate to severe hearing loss at two different time intervals.
C) A single base pair homozygous duplication of cytosine (c.1185dupC) in a stretch of
seven “C” nucleotides was identified in DNA of affected individuals of family HLRB3
segregating with the phenotype. The duplication is underlined in the trace from the affected
individual.
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