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Focusing on the genetics of hearing: you ain’t heard nothin’ yet
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The genetic complexity of hearing
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Abstract

The complexity of genetic pathways for hearing is beginning to be amenable to unraveling by systematic
functional genomic analysis. Genome-wide mutagenesis studies in the mouse are beginning to shed
further light on the structure and regulation of the machinery of hearing. 
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Figure 1
The complexity of the mammalian auditory system and the process of
mechanotransduction reflects the underlying genetic complexity of
hearing. (a) A cross-section through a mammalian cochlea, illustrating the
fluid-filled scalae that transmit sound impulses to the organ of Corti, the
neuroepithelium where the process of mechanotransduction takes place
and sound is converted into neural signals. The organ of Corti consists of
one row of inner hair cells and three rows of outer hair cells (illustrated
in pink) that are overlaid by the tectorial membrane (yellow). (b) A
scanning electron micrograph (courtesy of Charlotte Rhodes) illustrating
the regular arrays of stereocilia that project from the surface of outer and
inner hair cells in the organ of Corti. (c) As sound impulses travel down
the cochlea, movement of the organ of Corti causes deflection of the
stereocilia. Tip links connect adjacent stereocilia and are believed to link
ion channels in one stereocilium to the tip of the adjacent stereocilium.
Movement of the stereocilia results in an increase in tension on the tip-
links and the gating of the ion channels, leading to cation influx from the
endolymph of the scala media, hair-cell depolarization, and the
transmission of a neural impulse to the brain via the spiral ganglion - the
process of mechanotransduction.
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Figure 2
The array of mouse and human deafness loci and genes. An analysis of the
distribution of identified mouse and human non-syndromic sensorineural
genes or loci and their overlap, on the basis of the identification of
conserved orthologous genes or conserved map positions (in the case of
loci for which the underlying gene has not been identified). A large
number of human sensorineural genes (14) or mapped sensorineural loci
(29) have been identified for which there is no mouse counterpart (right
side of the figure). A corresponding situation exists for the mouse (left
side of the figure). There are 18 loci in three classes, however, for which
common genes or loci have been identified in mouse and human: 10
mutant loci for which genes have been identified in both mouse and
human; 6 mouse mutant loci for which the gene has been identified and
for which there appear to be homologous human loci, on the basis of
conserved map position); and 2 mapped mouse mutant loci for which the
gene has not been identified but there appear to be homologous human
loci (based on conserved map position). Given the number of loci
identified in these overlapping classes, we can make a determination of
the total number of loci in mammals that might lead to non-syndromic
hearing loss. N, the total number of genes in the mammalian set, is given
by: N = M x H / C, where M is the total number of mouse loci assayed,
H the total number of human loci assayed and C the total number of loci
held in common. Thus, with current data, N = 36 x 63/18 = 126. This
estimate is very conservative and is likely to be an underestimate for two
reasons. Firstly, identifying orthologous loci on the basis of conserved
map position is relatively crude and leads to a potential inflation in the
number of overlapping loci. Secondly, mutant loci for which genes have
been identified in both mouse and human are not ascertained on a
random basis. Rather, once a gene has been cloned in one species,
significant effort is expended to identify orthologous genes and mutations
in the other species.
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Table 1

Genes involved in deafness

Class of protein Specific proteins and genes

Myosins Myosin VI (MYO6), myosin VIIA (MYO7A), myosin XV (MYO15), and non-muscle myosin heavy chain gene 9 (MYH9)

Non-myosin cytoskeletal Diaphanous-1 (HDIA1), Espin (Espn)

Extracellular matrix �-tectorin (TECTA), novel protein (COCH), type XI collagen  (COL11A2), and otogelin (OTOG)

Gap junctions/tight junctions Connexin 26 (GJB2), connexin 30 (GJB6), connexin 31 (GJB3), connexin 43 (GJA1), and claudin-14 (CLDN14)

Ion channels/transporters K+ channel (KCNQ4), K+ channel components (KVLQT1 and KCNE1), Na+-K+-Cl- co-transporter (Slc12a2), 
H+-ATPase B1 subunit (ATP6B1), pendrin (PDS, SLC26A4), and Ca2+ pump (ATP2B2)

Signaling molecules Integrin �8�1 (Itga8)

Transcription factors Pou domain transcription factors (POU4F3 and POU3F4), and Eyes absent homolog 4 (EYA4)

Others Transmembrane serine protease (TMPRSS3) and Wolfram syndrome gene 1 (WFS1)

Unknown function Otoferlin (OTOF ), novel protein (DFNA5), stereocilin, harmonin, and transmembrane cochlear-expressed gene 1 (TMC1)

This table does not provide a complete listing of all genes involved with deafness, but rather focuses on those involved with non-syndromic deafness in
human and mouse, with a few exceptions. For a comprehensive and up-to-date listing, see [2]. 
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