
F
rom more than 22000 
genes that we humans have, 
approximately 3000 genes 
are associated with human 

communication. There are tens of 
syndromes which have been identified 
to be accompanied by hearing loss. 
Disorders of almost every organ of the 
body have some sort of connection 
to the hearing system. Syndromic 
hearing loss (SHL) has been reported 
to be associated with cardiac, 
metabolic, gasterointestinal, urinary, 
vision, skeletal and neurological 
disorders, just to name a few.

Genetic mapping
Genetic mapping is defined as a 
series of scientific methods and 
techniques to identify the location 
and possibly function of a gene and its 
interaction with other genes. Genes 
are located on our chromosome 
within the nucleus of our cells (Figure 
1). Chromosomes are made of colied 
DNA strands.

Figure 1 simply illustrates the 
position of a gene on a chromosome. 
Using technologies such as 
fluorescent in situ hybridisation 
(FISH) and sequence tagged site 
(STS) mapping, genetics scientists 
have been able to determine the loci 
of the genes and identify the DNA 
sequence for each of those genes [1]. 
Recent studies have also employed 
exome sequencing and copy number 
variation (CNV) techniques for genetic 
mapping [2]. Mapping of the genes 
helps scientists understand what 
they do for us, both in improving 
our functionality or generating 
new conditions. Genetic mapping 
enables genetics scientists to identify 
mutations and / or ‘private genes’ 
that are causing genetic atypicality 
including genetic  
hearing loss.

When we talk about mapping 
of syndromic hearing loss, we 
are attempting to see where on a 

chromosome a gene is located (i.e. 
its locus), what are the roles of that 
gene and how it works and interacts 
with other conditions or genes. Every 
gene is responsible for at least one 
condition and it works in association 
with other genes in a variety of loci. 
For all of the 23 pairs of chromosomes 
that we have, each of them, including 
X and Y chromosomes, has a gene 
associated with hearing loss [3, 4]. 
Many of those genes contribute to 
both syndromic and non-syndromic 
hearing losses.

Syndromic hearing loss (SHL)
A syndromic hearing loss is a 
condition where one or several 
atypical features are present, in 
addition to hearing loss, in an 
individual. The type and degree of 
hearing loss can vary among different 
types of SHL. In this section we will 
review the gene loci associated with 
several major syndromic hearing 
losses and where they have been 
mapped in our genome. The table 
below depicts a list of some of the 
most common causes of syndromic 
hearing loss and their locations on 
our genetic map [5]. Additionally, 

recent studies have shown the 
mapping of founder mutations which 
are mutations in geographically and 
culturally isolated regions associated 
with syndromic hearing  
loss [6].

Recent advances in mapping 
SHL 
There are many new findings 
associated with the mapping of 
genes and mutations of the common 
syndromes associated with hearing 
loss. In this section four of the most 
prevalent types of SHL are presented. 
Pendred syndrome: This syndrome 
is hallmarked by abnormal thyroid 
function, poor chloride / iodine pump, 
and enlarged vestibular aqueduct. A 
founder mutation of SLC26A4 gene 
was recently discovered and mapped 
showing an isolated mutation, 
c.965insA, that coincides with 
Pendred syndrome [6]. 
Usher syndrome: This syndrome is the 
most clinically observed genetic cause 
of deaf-blindness. The MYO7A gene is 
a motor protein gene. Dysfunction of 
this gene in the sterocilia of the inner 
ear and retinal cells results in Usher’s. 

Figure 1: Illustration of the mapped position of a gene on a chromosome (artwork by Maryam Kaveh, BFA).
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Recently, a nonsyndromic hearing loss 
due to the mutation of USH1G (one 
of the major genes associated with 
Usher syndrome) was reported in a 
Dutch family [7].  
Waardenburg syndrome: The cardinal 
features of this syndrome include 
pigmentation disorders of the skin, 
hair and the eyes. Patches of white 
forelock and multi-coloured eyes 
can be disguised by colour contact 
lenses and application of hair dye. 
This syndrome may also be associated 
with constipation and intestinal 
disorders such as Hirschsprung 
disease. Recently a de novo nonsense 
mutation in SOX10 (p.G39X) was 
discovered and mapped in a young 
female with Waardenburg syndrome, 
chronic constipation and profound 
sensorineural hearing loss [8].
Branchio-oto-renal syndrome: 
Individuals affected by this 
syndrome have deficits on their 
second branchial arch during the 
embryological stage. These deficits 
result in masses in the neck area and 

aural pits. Kidney problems including 
glomerulonephritis are also common. 
Research shows that the EYA1 gene 
in this syndrome has more than 70 
different mutations [9].  

Conclusions 
Presence of hearing loss is a common 
condition in many syndromes. Recent 
advances in genetics and genetic 
mapping have revealed many varieties 
of genes and mutations that result 
in SHL with variable expressivity. 
Our current knowledge has been 
very elegant in finding the genetic 
characteristics of each of these 
syndromes. The ultimate goal of 
most genetic research is to apply 
gene therapy in the management and 
treatment of many genetic disorders 
including SHL. With the advances in 
stem cell therapy, gene therapy and 
hair cell regeneration it is hoped that 
at least some of the causes of genetic 
hearing loss can be treated in the 
future [10, 11]. Stay tuned! We are very 
close to achieving that goal.

“Syndromic hearing loss 
refers to a condition 
where hearing loss 
is associated with an 
atypical appearance or a 
disordered function with 
almost every organ of 
the body.”

TABLE 1: GENETIC CHARACTERISTICS OF MAJOR SYNDROMES ASSOCIATED WITH HEARING LOSS [5].

Syndrome 
name

Accompanying 
conditions in addition to 
hearing loss

Chromosome # Gene loci Gene 
name(s)

Mode of 
inheritance

Pendred Thyroid atypicality 
(goitre), abnormal iodine 
metabolism

7, 5 & 1 7q21-34 
5q35.1 
1q23.2

SLC26A4 
FOXI1 
KCNJ10

AR

Usher  
(consists of 3 
clinical types)

Blindness due to retinitis 
pigmentosa, vestibular 
atypicality

11, 10, 17, 15, 1, 
3, 5, 9

11q13.5 
10q22.1 
17q24-25 …

MYO7A 
CDH23 
SANS

AR

Waardenburg 
(consists of 4 
clinical types)

Pigmentation problems, 
multi-coloured eyes

2, 3, 1, 8, 13, 
20, 22

2q35 
3p14.1-p12.3 
8q11…

PAX3 
MITF 
SNAI2

AD

Branchio Oto- 
Renal 

Kidney problems and 
masses in the neck

8, 19 & 14 8q13.3 
19q13.3 
14q21.3-q24.3

EYA1 
SIX5 
SIX1

AD

Stickler’s Skeletal atypicality, cleft 
palate, visual problems

12, 1 & 6 12q12.11-q13.2 
1p21 
6p21.3

COL2A1 
COL11A1 
COL11A2

AD

Treacher Collins Facial and mandibular 
atypicality

5, 13 & 6 5q32-q33.1 
13q12.2 
6p21.1

TCOF1 
POLR1D 
POLR1C

AD

Jervell & Lang- 
Nielsen

Cardiac abnormalities 
such as sudden syncope

11 & 21 11p15.5 
21q22.1-q22.2

KCNQ1 & 
KCNE1

AR

Alport Hematuria, congenital 
cataracts

X & 2 Xq922 
2q36-q37

COL4A5 
COL4A3

X-linked

AR, autosomal recessive; AD, autosomal dominant.
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