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Knowing the etiology of hearing loss in a person has
implications for counseling and management of the
condition. More than 50% of cases of early onset,
nonsyndromic sensorineural hearing loss are attrib-
utable to genetic factors. However, deafness is a ge-
netically heterogeneous condition and it is therefore
currently not economically and practically feasible to
screen for mutations in all known deafness genes. We
have developed a microarray-based hybridization bio-
chip assay for the detection of known mutations. The
current version of the hearing loss biochip detects
nine common mutations in the connexin 26 gene,
four mutations in the pendrin gene, one mutation in
the usherin gene, and one mutation in mitochondrial
DNA. The biochip was validated using DNA from 250
people with apparent nonsyndromic, moderate to
profound sensorineural hearing loss. The hearing
loss biochip detected with 100% accuracy the muta-
tions it was designed for. No false-positives or false-
negative results were seen. The biochip can easily
be expanded to test for additional mutations in
genes associated with hearing impairment or other
genetic conditions. (J Mol Diagn 2006, 8:483–489; DOI:
10.2353/jmoldx.2006.050147)

Approximately one child in 1000 is born with a prelin-
gual hearing loss that can have significant impact on
the infant’s speech, language, and communication
skills, thereby incurring lifelong social, educational,
and economic costs.1 Approximately 10% of the pop-
ulation is affected by hearing loss by the age of 60
years and �50% by the age of 80 years.2 More than
half of prelingual deafness cases have a genetic ba-
sis.3 Mutations in many genes, probably more than
200, can cause deafness.4 So far, more than 40 genes
associated with nonsyndromic hearing loss have
been identified (Van Camp G, Smith RJH: Hereditary
Hearing Loss Homepage. URL: http://webhost.ua.ac.
be/hhh/). Mutations in the connexin 26 gene (GJB2) are
responsible for more than half of autosomal recessive

nonsyndromic hearing loss in some populations.5 Mu-
tations in the pendrin gene (SLC26A4) can cause both
nonsyndromic and syndromic (Pendred syndrome)
deafness and might also contribute to a significant
proportion of genetic hearing losses.6 – 8 The A1555G
mitochondrial 12S rRNA mutation is associated with
aminoglycoside-induced hearing loss. This mutation
has been reported at a high frequency in Spanish and
Japanese families with severe progressive deaf-
ness.9,10 Mutations in the usherin gene (USH2A) are
responsible for the most common form of Usher syn-
drome, which is characterized by congenital deafness
with onset of retinitis pigmentosa in late teens.11

The genetic heterogeneity of deafness has proved a
challenge for genetic testing: analysis of multiple genes
by conventional gel-based or sequencing methods is
both time-consuming and expensive. The DNA microar-
ray, or biochip, is a hybridization-based genotyping tech-
nique that offers simultaneous analysis of many genetic
mutations. The parallelism offered by the microarray plat-
form makes it ideally suited to genotyping of genetically
heterogeneous conditions such as deafness. We have
developed a proof-of-concept hearing loss chip that al-
lows the parallel analysis of 15 common mutations or
polymorphisms in the GJB2, SLC26A4, and USH2A
genes and the mitochondrial (mt)DNA-encoded 12S
rRNA. The chip can relatively easily be expanded to
detect additional known mutations. In this study we have
validated our hearing loss biochip by analyzing 250 pa-
tients with nonsyndromic hearing impairment and esti-
mated the prevalence of these mutations in the Australian
population. Availability of an inexpensive and extensive
mutation screening test for mutations associated with
hearing loss will result in improved diagnosis, more ac-
curate genetic counseling, and eventually in improved
management of hearing loss.
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Materials and Methods

Patients

As part of clinical diagnostic testing for mutations in
known deafness genes, DNA was isolated from the blood
of 250 patients with moderate to profound hearing loss.
All samples were tested for mutations in the GJB2 gene
by DNA sequencing. All samples were also tested for the
specific mutations in the pendrin, usherin, and mtDNA
genes by assays based on restriction enzymes being
able to cleave polymerase chain reaction (PCR) frag-
ments at the mutation sites in PCR-amplified fragments.
Internal restriction enzyme cleavage sites are present in
the PCR fragments to provide positive controls for restric-
tion enzyme cutting. The results of these tests were not
accessible until after the hearing loss biochip analyses
had been performed.

The Hearing Loss Biochip

The hearing loss biochip (version HL7) was designed
to detect the following changes: the GJB2 W24X,
35delG, M34T, V37I, L90P, R143W, 167delT, 235delC,
and 313del14 mutations or polymorphisms; the
SLC26A4 L236P, E384G, T416P, and IVS8 � 1G�A
mutations; the mtDNA A1555G mutation; and the
USH2A (Usher2A syndrome) 2299delG mutation. The
15 mutations were selected based on basis their con-
firmed12 or predicted high prevalence in Australia, a
country with large groups of immigrants, especially-
from Europe, the Middle East and Asia. The GJB2
35delG, M34T, W24X, L90P, and R143W mutations are
common in Caucasians.13–22 V37I and 167delT are
common in Asians and Ashkenazi Jews, respective-
ly.23,24 The mtDNA change A1555G is common in
people from Southern Europe.25 The Usherin 2299delG
mutation is common in people of European back-
ground.26 The pendrin mutations L236P, IVS8 � 1,
E384G, T416P are frequently found in Caucasian
patients.27

Allele-specific oligonucleotides to the normal and
mutant sequences (Table 1) were printed on epoxy-
coated glass slides (MWG Biotech, Ebersberg, Ger-
many) using a MicroGrid Compact printer (BioRobot-
ics, Apogent Discoveries, Hudson, NH). The 35delG
deletion has occurred in a run of six guanine residues,
which could make it difficult to detect by hybridization.
For this reason, two sets of oligonucleotide were de-
signed for this mutation to maximize the chance of
effective allelic discrimination. The oligonucleotides
were printed in duplicate spots with the mutation oli-
gonucleotide printed directly below its corresponding
normal oligonucleotide for each specified change.
Each such set was printed in duplicate so that for each
mutation there were four normal and mutation oligonu-
cleotide spots. Six such blocks of 16 � 8 oligonucleo-
tides were printed on each slide thereby allowing the
testing of DNAs from six different people per slide
(Figure 1).

Multiplex PCR Amplification

To test for the mutations using the hearing loss biochip
the 250 patient DNAs were each amplified in three 25-�l
multiplex PCR reactions using HotStarTaq polymerase
(Qiagen, Valencia, CA) as recommended by the manu-
facturer. Biotin was incorporated into the probes by using
a nucleotide mix in the PCR reactions to make the final
concentrations of 0.2 mmol/L each of dATP, dCTP, and
dGTP, 0.15 mmol/L dTTP, and 0.05 mmol/L biotin-dUTP.
The primers are listed in Table 2. Reverse primers were
made with phosphorothioate bonds to prevent degrada-
tion during T7 gene 6 exonuclease treatment when gen-
erating single-stranded probes (see below). PCR con-
sisted of one cycle of denaturation for 5 minutes at 94°C
followed by 40 cycles of denaturation for 30 seconds at
94°C, annealing for 30 seconds at 58°C, and extension
for 30 seconds at 72°C, followed by a final extension step
for 5 minutes at 72°C. The three multiplex PCR reactions
were pooled and purified on a Qiagen MinElute column
according to the manufacturer’s instructions. The frag-
ments were eluted in 12 �l of 10 mmol/L Tris-Cl, pH 7.5,
made single stranded by adding 3 �l of 5�T7 gene 6
exonuclease buffer and 0.5 �l of T7 gene 6 exonuclease
(USB Corp., Cleveland, OH), followed by a 20-minute
incubation at 37°C and heat inactivation at 90°C for 10
minutes. Products were stored at �20°C until use.

Table 1. Allele-Specific Oligonucleotides to the Normal and
Mutant Sequences

Name Sequence

35delG1-N 5�-TTTTTTTTTTGATCCTGGGGGGTGTGAA-3�
35delG1-M 5�-TTTTTTTTTTGATCCTGGGGGTGTGAA-3�-3�’
35delG2-N 5�-TTTTTTTTTTATCCTGGGGGGTGTGAAC-3�
35delG2-M 5�-TTTTTTTTTTATCCTGGGGGTGTGAAC-3�
W24X-N 5�-TTTTTTTTTTGAAAGATCTGGCTCACCGT-3�
W24X-M 5�-TTTTTTTTTTGAAAGATCTAGCTCACCGT-3�
M34T-N 5�-TTTTTTTTTTCGCATTATGATCCTCG-3�
M34T-M 5�-TTTTTTTTTTCGCATTACGATCCTCG-3�
V37I-N 5�-TTTTTTTTTTGATCCTCGTTGTGGCT-3�
V37I-M 5�-TTTTTTTTTTTGATCCTCATTGTGGCTG-3�
167delT-N 5�-TTTTTTTTTTCAACACCCTGCAGCCAGG-3�
167delT-M 5�-TTTTTTTTTTCAACACCCGCAGCCAGG-3�
235delC-N 5�-TTTTTTTTTTTATGGGCCCTGCAGCT-3�
235delC-M 5�-TTTTTTTTTTTATGGGCCTGCAGCT-3�
L90P-N 5�-TTTTTTTTTTCAGCGCTCCTAGTGGCCAT-3�
L90P-M 5�TTTTTTTTTTAGCGCTCCCAGTGGCCA-3�
313del14-N 5�-TTTTTTTTTTAGGAAGTTCATCAAGGGGGA-3�
313del14-M 5�-TTTTTTTTTTGAAGAAGAGGGGAGATAAAG-3�
R143W-N 5�-TTTTTTTTTTTCTTCTTCCGGGTCATC-3�
R143W-M 5�-TTTTTTTTTTATCTTCTTCTGGGTCATCT-3�
A1555G-N 5�-TTTTTTTTTTTTATAGAGGAGACAAGTCGTAA-3�
A1555G-M 5�-TTTTTTTTTTTTATAGAGGAGGCAAGTCGTAA-3�
2299delG-N 5�-TTTTTTTTTTGGGCAGTGTGAGTGCAAAAA-3�
2299delG-M 5�-TTTTTTTTTTGGCAGTGTAGTGCAAAA-3�
L236P-N 5�-TTTTTTTTTTGTCTCACAGCTAAAGATTGTC-3�
L236P-M 5�-TTTTTTTTTTGTCTCACAGCCAAAGATTGTC-3�
IVS8 � 1-N 5�-TTTTTTTTTTCCAAGGGGGTGAGTGTG-3�
IVS8 � 1-M 5�-TTTTTTTTTTCCAAGGGGATGAGTGTGG-3�
E384G-N 5�TTTTTTTTTGCTTCCTTAGGAATTCATTGCC-3�
E384G-M 5�-TTTTTTTTTTTTCCTTAGGGATTCATTGC-3�
T416P-N 5�-TTTTTTTTTTCAGGAGAGCACTGGAGGAA-3�
T416P-M 5�-TTTTTTTTTTCAGGAGAGCCCTGGAGGAA-3�

Oligonucleotides to wild-type sequences are indicated by a -N and
to mutant sequences by a -M.
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Hybridization

Six 10-mm diameter round glass coverslips were
mounted with glue onto a plain 64 � 24 mm-glass cov-
erslip to match the regions of the six oligonucleotide
blocks. The hybridization reaction contained 2 �l of
pooled single-stranded PCR products and 2 �l of hybrid-
ization buffer (5�SSPE, 0.01% Triton X-100). It was
heated to 90°C for 5 minutes and snap-cooled in ice. Six
such hybridization mixtures (2.5 �l each) were pipetted
onto the six 10-mm diameter coverslips. We have deter-
mined that 2.5 �l is sufficient to give good coverage of
the hybridization grid without spreading beyond the cov-
erslips, thereby avoiding cross-contamination. The hear-
ing loss biochip slide (print side down) was then lowered
onto the probe-containing coverslips with the array grids
aligned to coverslips. The hybridization mixes were al-
lowed to spread to the edges of the coverslips and the
slide was carefully flipped over so that the coverslips
were on top of the hearing loss biochip arrays. The hear-
ing loss biochip was placed in a hybridization cassette

containing 2� standard saline citrate (SSC) in the humid-
ification wells and incubated in a 45°C water bath for 30
minutes. After hybridization the coverslips were removed,
and the hearing loss biochip was washed at 45°C as
follows: 2� SSC/0.1% sodium dodecyl sulfate (3 min-
utes), 0.5� SSC/0.1% sodium dodecyl sulfate (5 min-
utes), 2� SSC (1 minute), and 4� SSC/0.2% Tween (1
minute).

During the washing steps, 20 �l of streptavidin-Cy5
diluted 1:250 in blocking solution (4� SSC, 0.2% Tween
20/1% bovine serum albumin) was pipetted onto a 64 �
24-mm coverslip. After washing, the hearing loss biochip
was drained briefly (but not allowed to dry out). The
hearing loss biochip was placed on the streptavidin-
containing coverslip and the solution allowed to spread to
the edges of the coverslip. The slides were then incu-
bated in a damp chamber in the dark at room tempera-
ture for 30 to 60 minutes. The coverslips were removed,
and the hearing loss biochip washed twice in 4� SSC,
0.2% Tween at 45°C for 3 minutes and once in 0.1� SSC

Figure 1. A: Layout of the Hearing Loss Biochip (version HL7) showing the six identical blocks of 16 � 8 oligonucleotide spots. B: Organization of
oligonucleotides in each block. Oligonucleotides to wild-type sequences are indicated by a -N and to mutant sequences by a -M.

Table 2. Oligonucleotide Primers Used in Multiplex PCR Reactions

Gene (size of PCR product) To detect mutation(s) Forward primer Reverse primer

10� Primer mix 1

Cx26 (286 bp) W24X, 35delG, M34T, V37I 5�-TCTTTTCCAGAGCAAACCGC-3� 5�-GsAsCsAsCsGAAGATCAGCTGCA-3�

MtDNA 12 S RNA (137 bp) A1555G 5�-CGTCACCCTCCTCAAGTATACTTC-3�

(2 �mol/L)

5�-GsCsTsTsTsGTGTTAAGCTACACTCTGG-3�

(2 �mol/L)

10� Primer mix 2

SLC26A4 (249 bp) L236P 5�-GGTTTCTATCTCAGGCAAACAT-3� 5�-AsTsTsGsTsTTCTGGAATGAACAGTGACC-3�

SLC26A4 (139 bp) IVS8 � 1G�A 5�-TTCAGACGATAATTGCTACTG-3� 5�-GsAsCsTsGsACTTACTGACTTAATG-3�

SLC26A4 (215 bp) E384G, T416P 5�-GTAGGATCGTTGTCATCCAG-3� 5�-CsGsAsGsCsCTTCCTCTGTTGC-3�

10� Primer mix 3

GJB2 (311 bp) L90P, R143W, 167delT,

235delC, 313del14

5�-CTGCAGCTGATCTTCGTGTC-3� 5�-AsCsAsAsAsGCAGTCCACAGTGTT-3�

USH2A (159 bp) 2299delG 5�-ATGTGAGCCCTGCCAGTGTA-3� 5�-TsCsAsCsAsGGCCTTACAATTGGTG-3�

The 10� primer mixes are 4 �mol/L of each primer unless indicated. s, phosphorothioate bond.
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at room temperature for 2 minutes. The hearing loss
biochip was drained briefly, dried by centrifugation at
50 � g for 3 minutes in a 50-ml Falcon tube (Benton
Dickinson Labware, Franklin Lakes, NJ) with tissue pad-
ding in the bottom and stored in a dark, dry place until
scanning.

Analysis of Results

The hearing loss biochips were scanned in a Gene Pix
4000B (Axon Instruments; Molecular Devices Corp.,
Sunnyvale, CA) scanner using the red Cy5 channel (635
nm). Examples are shown in Figure 2. Spot intensities
were quantitated using the Gene Pix Pro4.1 scanner soft-
ware and the data imported into Microsoft Excel (Mi-
crosoft Corp., Redmond, WA). We have written a small
software program to analyze the data and automatically
call the genotype. Using the background subtracted me-
dian pixel intensity as the spot value (SV), the genotype
index (GI) for each normal and mutant spot pair was
calculated by the following program: GI � SVN/(SVN �
SVM), where SVN � normal SV and SVM � mutant SV. GI
values for replicate spot pairs were averaged and used to
call genotype for each mutation. Cutoff GI values for
genotypes for individual mutations are based on being
within 2 SDs of the GI values determined after more than
20 hybridizations to samples with no or known mutations.
Cutoff GI values are shown in Table 3. The signal-to-noise
ratios for all mutations were better than 5:1.

Results

The coding region of the human connexin 26 gene is
contained within exon 2. This exon and its intron bound-
aries were sequenced in 250 patients with hearing loss
as part of diagnostic investigations for a genetic cause of
their hearing loss. DNA from these 250 patients was used
to validate the hearing loss biochip. Of these 250 people,
30 had two GJB2 mutations, 46 had one GJB2 mutation,
two had a single USH2A mutation, and one had a single
SLC26A4 mutation (Table 4).

Mutations on the chip were detected with 100% ac-
curacy. Both oligonucleotide sets designed to detect
the GJB2 35delG mutation performed well. Of 30 peo-
ple with two GJB2 mutations (based on sequencing)
the hearing loss biochip detected both mutations in 24
people and one of the two mutations in six people. This
version of the hearing loss biochip was not designed to
detect the five mutations that were not identified: R32H,
V95M, W77R (present in two patients), T186A, and
H100Y.

Of 46 people with one GJB2 mutation (based on se-
quencing) the hearing loss biochip detected the single
mutation in 39 people. Seven mutations were not on the
hearing loss biochip: W77R, R143Q (present in two pa-
tients), 112-113delGT, M151L (present in two patients),
and 269insT (Table 4). One person had a single SLC26A4
L236P mutation. Two people had a single USH2A
2299delG mutation. These results were confirmed by

PCR followed by mutation-specific restriction enzyme di-
gestion or DNA sequencing.

Discussion

Hearing loss is caused by genetic and/or environmental
factors. A timely diagnosis of the genetic etiology for
congenital deafness expedites early intervention (such
as teaching sign language, fitting hearing aids or co-
chlear implants) and aids in management decisions and
genetic counseling. However, the genetic heterogeneity
of deafness has proved a challenge for genetic testing.
Searching for causative mutations is in many cases not
financially or practically feasible, because the mutations
can be in one of several hundred genes, many of which
are not yet identified. Demand for genetic testing for
deafness has risen sharply, partly because of the identi-
fication of some of the genes associated with hearing loss
and partly because of the introduction of Universal Neo-
natal Hearing Screening Programs in many countries.
There is therefore a need for simpler, cheaper, and more
comprehensive tests for mutations that cause hearing
loss.

We have explored an oligonucleotide-array based ap-
proach to the analysis of mutations. This allows for the
simultaneous screening for a large number of specific
mutations in known genes. A screen can be done in less
than 2 days. The mutations that are detected by the chip
can easily be expanded or changed. Recurrent new mu-
tations can be added or chips can be designed to detect
common mutations in different ethnic populations. Se-
quence analysis of the relatively small and simple GJB2
gene is simple and might therefore be the preferred first
test in searching for mutations in genes associated with
deafness. The hearing loss biochip could therefore be
designed to detect common mutations in genes other
than GJB2 and used to screen samples in which no GJB2
mutations were found. In this study we have used the
approach to investigate 15 known mutations in genes
associated with deafness.

We have validated the hearing loss biochip on DNA
from 250 deaf people. Sequencing had shown that 30 of
these (12%) carried two GJB2 mutations. Ten people
(4%) were homozygous, and nine patients (4%) were
compound heterozygous for the 35delG mutation. The
common 35delG mutation accounted for 29 of 60 alleles
(48%) in the patients with two known GJB2 changes. The
hearing loss biochip currently allows detection of nine
GJB2 mutations or polymorphisms. The V37I, M34T, and
L90P changes appear to be mutations associated with
slight/mild to moderate hearing loss,14 although their
contributions to hearing losses are still in dispute. All
patients with two GJB2 mutations carried at least one
mutation detectable by the biochip. However, six patients
were compound heterozygotes with one mutation not
represented on the hearing loss biochip. The T186A and
112-113delGT changes have not been reported before.
The hearing loss biochip could be relatively easily ex-
panded to include these and additional mutations. Iden-
tification of just one mutation in a patient using the hear-
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Figure 2. Examples of hybridization signals. A–F: Shown are some of the connexin 26 mutations in panels. The GIs calculated from the hybridization signals of
mutant spots are also shown.
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ing loss biochip could also justify sequencing the gene in
question to search for a possible second mutation.

The incidence of deaf people with only one GJB2
mutation was 18% (46 of the 250 patients). This number
is higher than previously observed in the Australian pop-
ulation.12 The hearing loss biochip detected 39 of these
patients. In seven instances the mutation was not in-
cluded on the hearing loss biochip. The M151L change
has not previously been reported. The R143Q mutation

has been associated with dominantly inherited hearing
loss,19 but we did not have family histories from the two
individuals with this mutation. Again the missed mutations
could be added to the testing regime. Of the 46 patients
in which only one GJB2 mutation was detected, 27 (59%)
carried the 35delG mutation.

It has recently been shown that deletions in or near
the GJB6 (connexin 30) gene combine with monoallelic
GJB2 mutations to cause deafness.28 The patients
were tested for the GJB6-D13S1830 deletion near the
GJB6 gene. This deletion was not found in any of the 46
GJB2 carriers. The relatively large group of deaf peo-
ple with only one detectable GJB2 mutation creates a
significant problem when counseling the affected fam-
ilies because it is not clear if the mutation is part of the
etiology of the hearing loss. Alternatively, the affected
person might be a carrier of the recessive mutation and
the hearing loss caused by environmental or other
genetic factors.

The current version of the hearing loss biochip also
detects four common mutations in the SLC26A4 gene,
one mutation in the USH2A gene and the mitochondrial
A1555G mutation. One of the patients carried the
SLC26A4 L236P mutation and two patients carried
the USH2A 2299delG mutation. One of the samples that
was heterozygous for the USH2A 2299delG mutation is
also a compound heterozygote for GJB2 mutations
35delG/M34T.

The GJB2 313del14, the SLC26A4 IVS8 � 1G�A,
E384G, T416P, and the mtDNA A1555G mutations were
not present in any of the 250 patient samples. However,
we have subsequently shown that the hearing loss bio-
chip reliably detects these mutations using DNA from
patients known to carry the changes.

This oligonucleotide-based test can relatively easily
be expanded to a much larger number of mutations
and is of course not restricted to genes associated with
hearing loss. Testing for mutations in the GJB2 gene is
often the only diagnostic test available for genetic
hearing loss, because the gene is small and can there-
fore be easily and inexpensively analyzed. Using the
hearing loss biochip it will be possible to quickly
screen for known mutations in other genes implicated
in hearing loss. Of special importance are genes in-
volved in syndromic deafness for which knowledge
about mutations in these genes may have implications
for management of the patient, such as genes for
Usher syndrome or Jervell and Lange-Nielsen syn-
drome. In cases in which only one mutation is detected
in a deafness gene, further analysis will be needed to
confirm the presence or absence of a second reces-
sive mutation. All of our 30 patients with two GJB2
mutations had at least one mutation detected by the
current version of the hearing loss biochip. By adding
oligonucleotides for the detection of additional muta-
tions in other deafness genes to the hearing loss bio-
chip it is possible to reduce the number of patients
missed because more mutations can be detected.

Based on array technology and oligonucleotide hy-
bridization we have designed a novel method for analyz-
ing patient DNAs for known mutations in deafness genes.

Table 3. Genotype Index (GI) Values Used to Determine
Genotypes for the 15 Mutations

Mutation Normal Heterozygous
Homozygous

mutation

35delG 0.75 to 1.00 0.40 to 0.65 0.01 to 0.17
W24X 0.89 to 1.00 0.48 to 0.80 0.09 to 0.33
M34T 0.81 to 1.00 0.33 to 0.55 0.07 to 0.25
V37I 0.82 to 1.00 0.38 to 0.59 0.00 to 0.28
167delT 0.80 to 1.00 0.36 to 0.58 0.00 to 0.18
235delC 0.81 to 1.00 0.46 to 0.62 0.00 to 0.36
L90P 0.87 to 1.00 0.38 to 0.60 0.00 to 0.28
313del14 0.82 to 1.00 0.63 to 0.80 0.00 to 0.58
R143W 0.80 to 1.00 0.41 to 0.67 0.00 to 0.31
A1555G (0.65 to 1.00) (0.00 to 0.14)
2299delG 0.91 to 1.00 0.53 to 0.85 0.21 to 0.37
L236P 0.70 to 1.00 0.27 to 0.65 0.00 to 0.17
IVS8 � 1 0.82 to 1.00 0.29 to 0.63 0.00 to 0.19
E384G 0.91 to 1.00 0.50 to 0.81 0.00 to 0.40
T416P 0.90 to 1.00 0.37 to 0.80 0.00 to 0.27

The values for the mitochondrial A1555G mutation are in paren-
theses because the level of this mutation can vary from 0 to 100%
(heteroplasmy).

Table 4. Mutations Detected in the 250 Individuals

Genotype Gene
Number of
individuals

35delG/35delG GJB2 10
W24X/W24X GJB2 3
35delG/M34T GJB2 2
235delC/V37I GJB2 2
35delG/(W77R) GJB2 2
V37I/V37I GJB2 2
M34T/V37I GJB2 1
35delG/235delC GJB2 1
35delG/R143W GJB2 1
35delG/167delT GJB2 1
35delG/(T186A) GJB2 1
167delT/(R32H) GJB2 1
V37I/(V95M) GJB2 1
35delG/(H100Y) GJB2 1
235delC/235delC GJB2 1
35delG/N GJB2 27
M34T/N GJB2 6
V37I/N GJB2 3
L90P/N GJB2 2
167delT/N GJB2 1
L236P/N SLC26A4 1
2299delG/N USH2AI 2
(W77R)/N GJB2 1
(R143Q)/N GJB2 2
(112-113delGT)/N GJB2 1
(M151L)/N GJB2 2
(269insT)/N GJB2 1

Mutations in parentheses were not on the Biochip and therefore only
identified by DNA sequencing. All other mutations were detected both
by the Biochip and by DNA sequencing.
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The current version of the hearing loss biochip detects 15
mutations, but it can easily be expanded to test a much
larger number of mutations. It is also possible to use a
multiarray slide system so that, for example, 16 DNAs can
be screened on one slide. Furthermore, the PCR and
hybridization procedures have the potential to be auto-
mated on commercial microarray or lab-on-a-chip plat-
forms and therefore become part of routine genetic
screening procedures. We did not find any false-posi-
tives or false-negative results in our validation of the
hearing loss biochip. This microarray-based method
therefore provides a relatively inexpensive, robust, and
rapid approach to testing for known mutations.
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