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w i t h i n  t h e  c a n d i d a t e  r e g i o n
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CHAPTER 5

ASSESSMENT OF GENES LOCATED WITHIN THE 

CANDIDATE REGION

5.1 INTRODUCTION

The aim of this chapter is to investigate the relative probability of each gene 

within the critical region being responsible for the bronx waltzer phenotype. 

Each of the 52 genes which have been mapped to the 2.6Mb region between 

the flanking markers established in Chapter 3 is considered to be a candidate 

gene. Based on the approximation by the Mouse Sequencing Consortium of 

30,000 genes in 2.5Gb euchromatic DNA, the average gene density of the 

mouse genome is estimated to be 12 per megabase (Waterston et al. 2002). 

The bronx waltzer candidate region with 20 genes per megabase is thus 

relatively very gene-rich and it would be unwieldy to carry out functional 

studies on each of these genes. Hence it was considered necessary to prioritise 

for further investigation those genes which were thought to have the highest 

likelihood of causing the balance and hearing defects observed in mice 

homozygous for the bronx waltzer mutation. This prioritisation was carried out 

by assessing each gene in a number of different ways, as described below. 

5.1.1 What makes a good candidate gene? 

Before analysing each potential candidate gene it is important to set out what 

we are looking for in such an analysis. The functioning of the mechanisms 

required for hearing has yet to be fully elucidated and it is therefore very 

difficult to completely rule out any gene since it may play an as yet undefined 

role in the ear. However, it is possible to pick out characteristics which may 

suggest a potential role in the ear and hence warrant further investigation. The 
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factors to be considered in making this decision are outlined in the following 

paragraphs. 

5.1.1.1 A potential role in pathways known to be required for hearing 

Through a combination of the cloning of genes responsible for various types 

of genetic deafness and tissue-specific gene discovery, some of the molecules 

and mechanisms required for hearing function have been characterised. Of 

those genes which have been implicated in sensorineural deafness like that 

seen in the bronx waltzer mutants, the roles which they play allow them to be 

grouped into a number of categories which are summarised in Table 5.1.  

With these groupings in mind, candidate genes can be assessed as to whether 

their known or predicted functions might be involved in similar processes. 

For example, given the importance of maintaining ion gradients in the inner 

ear for sound transduction to take place (see Section 1.1.2.2) and the 

discovery of a number of deafness genes involved in ion transport, a gene 

manifesting as an ion transporter or channel might make an interesting 

candidate. Similarly, with the knowledge that stereocilia require highly-

organised actin bundles to maintain the shape so crucial to their function, any 

molecule exhibiting a potential role in cytoskeletal organisation or interaction 

would stand out as one warranting further investigation. The association of 

several genes shown to be involved in actin bundling, as well as a large 

number of unconventional myosins – molecular motors known to interact 

with actin – with forms of genetic deafness lends weight to this proposition. 

However, bronx waltzer possesses a uniquely specific phenotype which makes 

it unlikely that such generic pathways should be seriously disrupted. In the 

organ of Corti only the inner hair cells are affected, and these begin to 

develop at E17.5 as expected but almost immediately degenerate and most are 

reabsorbed shortly after birth. A similar series of events can be observed in 

the maculae and cristae of the vestibular system, where hair cells begin to 

develop but fail to mature and are reabsorbed into the epithelium. This 
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suggests that the mutated gene lies downstream of the cell fate specification 

of hair cells into IHCs and OHCs, and since the outer hair cells appear 

normal, it must represent a factor necessary only for the correct 

differentiation or maintenance of inner hair cells and vestibular hair cells, 

rather than for general hair cell development or function. Even so, it is still 

possible that the phenotype may result from a mutation in a part of a more 

widely expressed gene which is transcribed only in the cell types affected, or 

indeed in a cell-type specific regulatory element associated with such a gene.   
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5.1.1.2 Expression in the inner ear during development 

Since the bronx waltzer phenotype is restricted to the sensory patches of the 

inner ear and is visible from E17.5, the point at which the hair cells begin to 

develop (see Section 1.2.3.6), it might be expected for the mutated gene to be 

expressed at this time point in the tissues affected. Specifically, one might 

anticipate expression of the gene in normal inner hair cells and vestibular hair 

cells at E17.5. However, it is also possible that the gene may be expressed not 

in these cells themselves but in cells nearby which have an inductive influence 

over them. For example, the supporting cells and pillar cells of the organ of 

Corti may secrete some factor necessary for the proper maintenance of inner 

hair cells, or conversely may produce an inhibitory signal which would 

normally be switched off.  

Since the bronx waltzer phenotype so specifically affects IHCs which have 

abundant afferent innervation and not OHCs which are associated primarily 

with efferent nerve fibres, it is important to consider the possibility of the 

mutation affecting primarily neuronal tissue. However, although cochlear and 

vestibular neurons eventually degenerate in the absence of hair cells 

(Schuknecht 1974, pp 333), it has been shown that hair cells are able to 

survive even when the development of neurons is inhibited (Fritzsch et al.

2005) and that normal growth of nerve fibers can occur in the absence of hair 

cells (Fritzsch et al. 2005). Thus it is unlikely that the IHC degeneration seen 

in the bronx waltzer cochlea is a result of disruption to their innervation, unless 

the mutation manifests in a dominant negative manner, actively triggering the 

degeneration of IHCs. 

It should also be considered that a gene may cause developmental defects in 

hearing in the absence of any detectable expression within the ear itself. An 

example of such a gene is the transcription factor Hoxa1. Murphy and Hill 

(1991) found it to be expressed in the neuroectoderm and mesoderm of the 

developing mouse hindbrain, adjacent to site of ear formation. No expression 
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was observed in the otic placode, the otic pit or the otocyst, and yet mice 

homozygous for a targeted deletion of the gene were found to have 

malformed inner ears, in addition to altered rhombomeres 4 and 5 of the 

hindbrain (Lufkin et al. 1991; Chisaka et al. 1992). This was thought to be due 

to the inductive influence of the neural tube on the morphogenesis of the ear 

(Gallagher et al. 1996; Noramly and Grainger 2002). However, this type of 

gross ear abnormality contrasts sharply with the highly tissue-specific nature 

of the bronx waltzer phenotype and it is unlikely that a remotely expressed gene 

could exert such fine control over different cell types. Thus it is relatively 

certain that the bv gene would not be expected to act in this manner, and will 

instead be found to be expressed within or in close proximity to the affected 

tissues of the organ of Corti and vestibular sensory patches. 

5.1.1.2.1 Sources of expression data 

For some previously characterised genes the expression patterns may have 

already been published, although it is important to verify that the experiment 

was carried out at an appropriate time point and that the authors looked for 

expression in the ear and at an appropriate time point since for many genes 

the expression may have only been characterised in a small selection of adult 

tissue types.  

A second source of expression data exists in the form of searchable libraries 

or databases containing details of genes or ESTs which have been 

demonstrated to be expressed in a relevant tissue type. In this case, examples 

include the Washington University Inner Ear Protein Database (Thalmann 

and Thalmann) which lists proteins identified from the tissues and proteins of 

the guinea pig inner ear by 1D- and 2D-Polyacrylamide Gel Electrophoresis 

(PAGE), and the Morton human Fetal cochlear cDNA library (Robertson et 

al. 1994) which holds sequences of ESTs identified by a combination of 

subtractive hybridization and differential screening strategies. Other cDNA 

libraries of interest include the full-length mouse subtracted inner ear library 
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prepared by Beisel et al. (Beisel et al. 2004; Pompeia et al. 2004)) and the EST 

database resulting from the screening of the cDNA population from mouse 

Organ of Corti ranging from P5 to P13 to include the maturation of hair cells 

and onset of hearing (Pompeia et al. 2004). In addition, a number of 

microarray studies have identified genes or ESTs differentially expressed in 

the mouse inner ear (Chen and Corey 2002), mouse cochlea (Morris et al.

2005) or the rat vestibular epithelium (Cristobal et al. 2005).  

The expression of individual genes, including those which have only been 

predicted, can also be investigated directly using techniques such as in situ

hybridisation, Northern blotting and RT-PCR. For each of these techniques it 

is necessary only to have access to the sequence of the gene and a sample of 

the tissue to be tested. 

5.1.1.3 The eye and the ear 

Another indicator of a potential role in the ear may be when a gene has a 

known function or expression in the eye. Common features in their 

development have led to the suggestion that the eye and ear share a shared 

evolutionary origin, with the sensory receptors in both organs having evolved 

from a common ancestral ciliated cell (Popper and Fay 1997). This 

proposition is supported by evidence gathered in Drosophila by Jarman et al.

(1994) who showed that Atonal (Ato) is responsible not only for the 

establishment of chordotonal precursors and controlling the differentiation of 

the modified chordotonal organs in the antenna which form Johnston’s 

organ, the auditory organ of the fly, but is also the proneural gene for 

photoreceptors in the compound eye. Niwa et al. (2004) subsequently 

examined whether there exist any similarities in the conditions necessary for 

the formation of these different sensory organs. The development of all three 

organs was found to be initiated by the expression of decapentaplegic (DPP), 

with all of them failing to form when its signalling was blocked by 

overexpression of the inhibitor Daughters Against DPP (DAD). In addition, all 
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three organs form simultaneously and were each shown to rely on the 

presence of the hormonal factor ecdysone at an early third instar larval stage 

for proper development to take place, suggesting that ecdysone represents a 

temporal initiation signal common to the eye, Johnstone’s organ and the 

chordotonal organ. This conservation of early developmental function in 

sensory organ formation suggests that there once existed a primitive sensory 

organ precursor which would differentiate according to the identity of its 

segment of origin. 

A second reason to consider genes expressed in the eye as candidates for a 

deafness phenotype is the existence of single gene disorders which affect both 

the ear and the eye. The most widespread of these are the various forms of 

Usher Syndrome (Keats and Corey 1999) which are characterised by 

congenital sensorineural deafness and progressive retinitis pigmentosa. The 

syndromes are clinically variable and genetically heterogenous, with some but 

not all of the genes responsible having been identified. Many of these interact 

with each other to form the transmembrane complex which binds stereocilia 

bundles together (Ahmed et al. 2003) but for others the functions are unclear. 

The fact that a number of genes are necessary for proper development and 

maintenance of both the ear and the eye points to some overlapping of gene 

function. In addition, the mouse models for Usher Syndrome such as shaker-

1 (Myo7a) and waltzer (Cdh23) exhibit hearing and vestibular defects show 

only minor abnormalities in the retina. Libby et al. (2003) showed that mice 

with mutations in Cdh23 have abnormal retinal function when assessed by 

electroretinography but no anatomical abnormality could be detected, and 

mice with mutations in Myo7a have recently been shown to have abnormally 

distributed melanosomes in the retinal pigmented epithelium (Gibbs et al.

2004). Hence it is feasible that a gene affecting both the ear and the eye may 

initially manifest as solely a hearing phenotype when its function is disrupted 

in the mouse and retinal function is not specifically investigated as in the case 

of bronx walter. It has been suggested that the genes may play different roles in 
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the two species or that a level of functional redundancy may exist in the 

mouse. Other important differences include environmental factors such as 

light exposure since laboratory mice are generally kept in relatively dim light 

conditions, and also the lifespan of the mouse, which may not be long enough 

for the progressive degeneration of the retina to become measurable (Zheng

et al. 2005). More significantly, the diversity in severity of phenotype in 

humans suffering from Usher Syndrome caused by the same mutation 

suggests a strong genetic or stochastic modifying effect (Petit 2001), thus one 

might expect variation to occur when the mutation manifests in a different 

species.  

5.1.2 Assessing genes with known or predicted functions 

Of the 52 genes annotated within the candidate region for bronx waltzer, 31 

have been previously characterised. For these genes a certain amount of 

information is available making it possible to assess their candidacy to an 

extent based on the published literature. For some, a function may be fully 

elucidated and a mouse model may already exist. In these cases the possibility 

of their being responsible for the bronx waltzer phenotype can be investigated 

by enquiring as to whether the mouse model exhibits similar behaviour and 

establishing whether the function of the gene correlates with the phenotype 

of the bv mice. Other genes may have less information available and may have 

been identified only by homology of their protein domains to other, better 

characterised genes. These can be assessed and prioritised based on their 

possible function and on that of related family members but are harder to rule 

out since they may perform an as yet unreported function within the ear. 

5.1.3 Assessing novel and predicted genes 

The remaining 21 uncharacterised genes within the critical region have little or 

no published information associated with them. They may have been 

identified by gene-prediction programs based on conserved structures such as 
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splice sites and homology to known genes as well as the existence of ESTs 

which imply that the region is transcribed (Mathe et al. 2002; Brent and Guigo 

2004).  As a result there may be no information concerning their function, 

although some may have predicted protein domains based on their homology 

to known genes which may provide clues as to their function. In addition, 

since their sequence is known they can be compared to those inner ear 

derived cDNA libraries which have made EST sequences available for 

searching to establish whether or not they have been found to be expressed in 

the expected tissues. 
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5.2 METHODS 

5.2.1 Data mining of inner ear expression databases 

A number of studies have been carried out with the intention of identifying 

genes expressed in inner ear tissues. These have ranged from the 

characterisation of proteins isolated from tissues and fluids within the ear to 

the construction of cDNA libraries from specific inner ear tissue samples, and 

also the use of microarray technologies to identify differentially expressed 

genes. Some of these data are available in a searchable format, and these have 

been used to derive evidence for the expression of some of the bronx waltzer

candidate genes in the tissue one might expect the causative agent for the 

mutation to be found. The databases examined, their origins, locations and 

the methods used to search them are summarised in Table 5.2 

The Washington University Inner Ear Protein Database (Thalmann and 

Thalmann) and Inner Ear Gene Expression Database (Chen and Corey 2002) 

were designed to be searched using gene IDs and descriptions and thus novel 

genes could not be included. The Human Cochlea EST database (Robertson

et al. 1994) was queried using translating BLAST (tBLASTn) in order to 

compensate for differences between the mouse and human gene sequences, 

while the mouse Organ of Corti EST database (Pompeia et al. 2004) was 

queried directly using cDNA sequences and BLASTn (Altschul et al. 1990). 
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5.2.2 Expression studies using inner ear cDNA 

As a means of ascertaining whether the genes lying within the critical region 

for bronx waltzer are expressed within the ear, studies were carried out using 

cDNA prepared from wild type inner ear tissue. Successful amplification of a 

fragment of the expected size from this material can be taken as an indication 

that the gene may be expressed in the tissue of interest. 

5.2.2.1 Obtaining inner ear cDNA 

The inner ear capsules were dissected out from a single litter of ten 

C3HeB/FeJ mice at age P0, with care being taken to remove as much 

extraneous tissue as possible. These were kept briefly in ice cold RNase-free 

Phosphate Buffered Saline (PBS) before being homogenised and incubated at 

room temperature for 5 minutes. RNA was prepared from this tissue as 

described in Section 2.6, including the optional DNase treatment to remove 

any genomic DNA contamination. Reverse transcription was then performed 

as described in Section 2.7. 

5.2.2.2 Primers designed for amplification from cDNA 

In order to make certain that any products amplified from the cDNA material 

were truly representative of an mRNA molecule isolated from inner ear tissue 

rather than from genomic DNA contamination, primers were designed in 

adjacent exons to span the intervening intron. In this manner, products 

resulting from cDNA and from genomic DNA can easily be distinguished by 

their differing sizes, with the genomic product being larger as a result of the 

inclusion of the intron which will have been spliced out in a cDNA template. 

This strategy is illustrated in Figure 5.1 and the primers designed for each of 

the genes within the bv region are given in Table 5.3. Two exceptions to this 

strategy were genes consisting of only one exon where the genomic and 

cDNA expected product lengths will be the same, and genes with no introns 
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small enough to be suitable for PCR amplification where no genomic band 

will be observed. These are indicated in Table 5.3. 

Figure 5.1: Diagram illustrating the strategy used in the design of primers to amplify 
fragments of candidate genes using cDNA obtained from P0 inner ears as the PCR template. 
The different sized products amplified from genomic DNA and cDNA as a result of the 
splicing out of Intron 2 allow the origin of the template to be confirmed by agarose gel 
electrophoresis. 
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5.2.2.3 PCR from cDNA 

Although the PCR method used here was very similar to the standard 

protocol described in Section 2.4.1, the PCR cycles used to amplify from 

genomic and cDNA templates differed in important ways. The cDNA PCR 

cycle (Table 5.4a) had a higher number of total cycles to account for the 

limited amount of template material available, while the genomic PCR cycle 

(Table 5.4b) included a longer extension time to take into account the large 

size of some of the included exons. The PCR programmes used are given in 

the tables below. 

Step PCR phase Temperature Time 
1 Initial denaturation 95oC 2 minutes 
2 Denaturation 95oC 30 seconds 
3 Annealing 55oC (~2oC below TM of primers) 30 seconds 
4 Extension 72oC (ReddyMix™) 30 seconds 
5 Thermocycling Repeat steps 2-4, 39 times – 
6 Cooling 4oC Indefinitely 
A

Step PCR phase Temperature Time 
1 Initial denaturation 95oC 2 minutes 
2 Denaturation 95oC 30 seconds 
3 Annealing 55oC (~2oC below TM of primers) 30 seconds 
4 Extension 72oC (ReddyMix™) 60 seconds 
5 Thermocycling Repeat steps 2-4, 29 times – 
6 Cooling 4oC Indefinitely 
B

Table 5.4: PCR conditions used for amplification from cDNA (A) and genomic DNA (B). 
The differences between the two programmes are highlighted in red. 
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5.3 RESULTS

5.3.1 Assessment of previously characterised genes  

A summary of the published information on each of the 31 characterised 

genes is presented in Table 5.5, including relevant expression data, known or 

predicted functions and any characterised models. Those genes marked by an 

asterisk have been selected as having a potential function or evidence which 

suggests they be involved in the bv phenotype and are discussed in greater 

detail in Section 5.4. 
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5.3.2 Gene expression in the inner ear – published data 

Of the four databases searched, three yielded data suggesting that clones 

contained within the collections represent transcripts of genes within the bronx 

waltzer region. These results are given in Table 5.6. The fourth database used – 

the Washington University Inner Ear Protein Database – was queried for all 

the known genes within the region but did not yield any positive results and is 

not included in the table. 



16
2

T
ab

le
 5

.6
: R

es
ul

ts 
ob

ta
in

ed
 fr

om
 sc

re
en

in
g 

pu
bl

icl
y a

va
ila

bl
e d

at
ab

as
es

 o
f i

nn
er

 ea
r E

ST
s. 

 
Th

e 
In

ne
r 

Ea
r 

G
en

e 
Ex

pr
es

sio
n 

(IE
G

E)
 d

at
ab

as
e 

is 
th

e 
re

su
lt 

of
 a

 m
icr

oa
rr

ay
 s

tu
dy

 a
nd

 th
e 

re
su

lts
 r

ep
re

se
nt

 c
lo

ne
s 

w
hi

ch
 s

ho
w

ed
 e

xp
re

ss
io

n 
in

 th
e 

in
ne

r 
ea

r 
an

d 
m

at
ch

 th
e 

ca
nd

id
at

e 
ge

ne
 b

y 
se

qu
en

ce
 h

om
ol

og
y. 

Si
nc

e 
th

e 
da

ta
ba

se
 is

 s
ea

rc
he

d 
by

 g
en

e 
de

sc
rip

tio
n,

 o
nl

y 
pr

ev
io

us
ly 

ch
ar

ac
te

ris
ed

 g
en

es
 c

ou
ld

 b
e 

sc
re

en
ed

 a
nd

 n
ov

el 
ge

ne
s a

re
 th

er
ef

or
e l

ef
t b

lan
k.

  
Th

e 
hu

m
an

 fe
ta

l c
oc

hl
ea

 an
d 

m
ou

se
 o

rg
an

 o
f C

or
ti 

da
ta

 se
ts 

ar
e 

th
e 

re
su

lt 
of

 c
D

N
A

 li
br

ar
y 

co
ns

tru
ct

io
n 

an
d 

se
qu

en
cin

g. 
Th

e r
es

ul
ts 

re
pr

es
en

t c
lo

ne
s w

ith
in

 th
e 

lib
ra

rie
s 

w
hi

ch
 s

ho
w

 s
tro

ng
 s

eq
ue

nc
e 

ho
m

ol
og

y 
to

 th
e 

ca
nd

id
at

e 
ge

ne
.  

In
 e

ac
h 

ca
se

 th
e 

let
te

r N
 in

di
ca

te
s 

a 
ne

ga
tiv

e 
re

su
lt 

in
 q

ue
ry

in
g 

th
e 

da
ta

ba
se

. T
he

 h
um

an
 fe

ta
l c

oc
hl

ea
 

lib
ra

ry
 w

as
 s

cr
ee

ne
d 

by
 d

es
cr

ip
tio

n 
an

d 
by

 t
BL

A
ST

n,
 w

hi
le 

th
e 

m
ou

se
 o

rg
an

 o
f 

Co
rti

 li
br

ar
y 

w
as

 s
cr

ee
ne

d 
by

 d
es

cr
ip

tio
n 

an
d 

by
 B

LA
ST

n 
to

 a
llo

w
 in

clu
sio

n 
of

 
un

ch
ar

ac
te

ris
ed

 g
en

es
. 

G
en

es
 w

hi
ch

 s
ho

w
 h

om
ol

og
y 

to
 s

eq
ue

nc
es

 w
ith

in
 m

or
e 

th
an

 o
ne

 d
at

ab
as

e 
ar

e 
hi

gh
lig

ht
ed

 in
 re

d,
 th

os
e 

w
hi

ch
 s

ho
w

 h
om

ol
og

y 
to

 s
eq

ue
nc

es
 in

 o
nl

y 
on

e 
da

ta
ba

se
 a

re
 

hi
gh

lig
ht

ed
 in

 b
lu

e,
 an

d 
th

os
e s

ho
w

in
g 

no
 h

om
ol

og
y a

re
 sh

ow
n 

in
 b

la
ck

.

G
en

e 
ID

 
A

lt
er

na
te

 
na

m
es

 
In

ne
r 

E
ar

 G
en

e 
E

xp
re

ss
io

n 
da

ta
ba

se
 

(C
he

n 
&

 C
or

ey
) 

H
um

an
 fe

ta
l c

oc
hl

ea
 c

D
N

A
 li

br
ar

y 
(M

or
to

n)
M

ou
se

 o
rg

an
 o

f C
or

ti
 c

D
N

A
 li

br
ar

y 
(P

om
pe

ia
) 

A
ca

cb
 

A
cc

2,
 A

cc
b 

N
 

N
 

N
 

F
ox

n4
 

N
 

N
 

N
 

N
M

14
61

63
 

M
yo

1h
46

31
40

1O
15

Ri
k 

N
 

N
 

N
 

K
ct

d1
0

 
N

 
N

 
N

 
U

be
3b

 
sim

ila
r?

 
A

W
02

14
15

 B
I4

92
36

8 
N

 
M

m
ab

 
N

 
N

 
N

 
M

vk
 

W
50

18
1,

 A
A

10
97

21
 

N
 

gi
98

d1
2 

E
41

93
0

 
N

 
N

 
N

 
T

rp
v4

 
N

 
N

 
gi

11
9c

11
, g

i2
15

a1
1 

G
lt

p 
 

A
A

38
88

75
 

BI
49

55
79

 B
I4

95
58

0 
gi

62
b0

4 

N
M

02
99

92
 

A
93

00
31

F1
8R

ik
 

 
N

 
gi

14
7h

04
 

G
it

2 
 

N
 

N
 

N
 

N
M

17
51

20
 

 
 

N
 

N
 



16
3

G
en

e 
ID

 
A

lt
er

na
te

 
na

m
es

 
In

ne
r 

E
ar

 G
en

e 
E

xp
re

ss
io

n 
da

ta
ba

se
 

(C
he

n 
&

 C
or

ey
) 

H
um

an
 fe

ta
l c

oc
hl

ea
 c

D
N

A
 li

br
ar

y 
(M

or
to

n)
M

ou
se

 o
rg

an
 o

f C
or

ti
 c

D
N

A
 li

br
ar

y 
(P

om
pe

ia
) 

Q
9D

1S
6

11
00

00
1D

10
Ri

k 
 

BI
49

44
34

, B
I4

94
43

5 
gi

21
2h

02
, g

i1
4c

04
 

N
M

18
10

75
 

 
 

N
gi

43
g0

2,
 g

i1
7h

10
, g

i1
06

f1
1,

 g
i2

03
c0

7 
N

M
02

62
63

 
 

 
N

N
Q

8C
86

4 
 

 
N

N
O

as
l2

 
 

N
 

N
N

O
as

l1
 

 
N

 
N

N
N

M
02

82
11

 
 

 
N

gi
17

0c
01

, g
i1

93
e0

4 
T

cf
1

 
N

 
N

N
E

44
80

4 
 

 
N

gi
10

0d
09

, g
i1

93
e0

9,
 g

i1
93

e1
1,

 g
i2

59
b0

2 
U

sm
g3

 
N

 
N

gi
33

c1
0,

 g
i9

7c
07

, g
i1

38
f1

0 
R

pl
37

 
A

A
01

53
77

, A
A

01
39

42
, A

A
52

99
15

 
N

gi
18

0f
07

, g
i1

59
c0

4,
 g

i1
59

a0
4,

 g
i7

6c
07

, 
gi

10
g1

1,
 g

i5
1f

12
, g

i1
49

a0
5 

   
A

ca
ds

 
 

N
 

N
gi

17
8g

07
 

N
M

17
53

52
 

 
 

N
N

N
M

17
54

03
 

24
10

01
4A

08
Ri

k 
 

BI
49

64
18

, B
I4

96
41

7 
gi

10
7f

05
, g

i1
84

g0
6,

 g
i2

10
g0

8 
C

ab
p1

 
 

A
A

11
12

77
, W

63
87

4 
A

W
02

34
90

, A
W

02
35

96
 

N
 

P
op

5
 

 
N

N
R

nf
10

 
N

 
N

gi
13

5c
05

, g
i2

20
e0

5 
D

5E
rt

d3
3e

 
 

N
gi

17
2d

11
 

D
nc

lc
1 

 
A

A
49

77
76

, A
A

18
45

81
, A

A
10

64
42

, 
A

A
26

04
35

, A
A

26
04

35
 

A
W

02
02

45
, B

I4
91

30
3,

 B
I4

91
36

0,
 B

I4
94

00
5,

 
BI

49
40

38
, B

I4
94

99
9,

 N
66

47
6 

gi
14

0d
06

, g
i1

85
e0

9,
 g

i1
86

e0
9,

 g
i2

51
g0

6 

Sf
rs

9 
 

N
 

A
W

02
15

15
, A

W
02

27
94

, A
W

02
25

64
, 

BI
49

24
75

, B
I4

96
91

7,
 H

91
55

4,
 N

67
42

0 
gi

13
1d

02
 

N
M

02
96

45
 

 
 

N
N

Q
8C

4H
9 

 
 

N
N



16
4

G
en

e 
ID

 
A

lt
er

na
te

 
na

m
es

 
In

ne
r 

E
ar

 G
en

e 
E

xp
re

ss
io

n 
da

ta
ba

se
 

(C
he

n 
&

 C
or

ey
) 

H
um

an
 fe

ta
l c

oc
hl

ea
 c

D
N

A
 li

br
ar

y 
(M

or
to

n)
M

ou
se

 o
rg

an
 o

f C
or

ti
 c

D
N

A
 li

br
ar

y 
(P

om
pe

ia
) 

15
E

1_
m

ou
se

 
 

 
N

N
C

ox
6a

1 
 

L0
64

65
, A

A
52

90
06

, A
A

47
20

81
 

BI
49

50
01

, B
I4

95
00

2 
gi

10
1d

12
, g

i1
33

d0
4,

 g
i1

36
f0

9,
 

gi
19

9a
01

,gi
19

9b
11

, g
i2

04
b0

8 
M

si
2h

 
 

D
49

65
4 

A
W

02
25

64
, H

88
01

0 
N

 
Q

9D
2I

7
 

 
N

N
P

la
2g

1b
 

 
N

 
N

N
Si

rt
4 

 
N

 
N

 
N

 
N

M
13

39
15

 
Pa

xi
lli

n 
alp

ha
 

A
A

17
27

49
, W

34
24

4 
 

A
W

02
32

19
 

gi
13

5e
01

 
G

cn
1l

1 
 

N
 

N
 

N
 

N
M

19
81

63
 

 
 

BI
49

48
30

, B
I4

97
45

2,
 H

89
15

2 
gi

06
f0

2 
Q

8R
1D

2 
22

10
40

3N
09

Ri
k 

 
N

 
gi

13
f0

6 
R

pl
29

 
A

A
27

10
49

, X
05

02
1,

 A
A

07
30

78
, A

A
03

87
51

, 
A

A
18

22
48

, A
A

10
39

15
 

N
 

gi
16

9g
01

, g
i1

64
c0

7,
 g

i7
5d

07
, g

i1
21

c0
2,

 
gi

18
9g

07
, g

i2
19

f1
2,

 g
i1

2d
07

, g
i2

55
g1

0 
C

it
ro

n 
 

U
39

90
4 

BI
49

28
98

, A
W

02
21

77
 

N
 

P
rk

ab
1 

 
A

A
09

83
32

, W
71

24
2,

 A
A

13
78

21
 

N
gi

10
5g

11
, g

i1
30

e0
6 

N
M

17
77

59
 

 
 

N
N

Q
9D

4T
7

49
30

56
2A

09
Ri

k 
 

N
N

H
sp

b8
 

 
 

N
N

N
M

02
68

86
 

15
00

00
1A

10
Ri

k 
 

N
N



165

5.3.3 Gene expression in the inner ear – RT-PCR data 

Primers in adjacent exons of candidate genes were designed to amplify the 

intervening intron, giving different sized products when PCR was performed 

with genomic DNA and inner ear cDNA templates. Primers which gave the 

expected product sizes can be taken as an indication that the gene to which 

they are designed is represented as an mRNA transcript in the tissue obtained 

from P0 inner ears. Any which give a product of expected size with a genomic 

template but fail to produce a product from the inner ear cDNA library may 

indicate that the gene is not expressed in the ear at stage P0, making it less 

likely that they would be responsible for the bv  phenotype. 

For some genes, such as those with only one exon or large introns, it was not 

possible to design primers which would give differently sized products when 

amplified from genomic DNA and cDNA to provide confirmation that the 

cDNA product was genuine. However, none of the other cDNA 

amplifications gave products of the size expected from a genomic template, 

suggesting that the cDNA used was free of genomic DNA contamination. 

This should mean that any bands amplified from the cDNA are truly 

representative of an mRNA molecule extracted from inner ear tissue. 

The agarose gel images resulting from this experiment are presented in 

Figures 5.2a-d and the sizes of the expected and observed products are given 

in the accompanying Tables 5.7a-d. The results for each gene are summarised 

in Table 5.8. 
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Figure 5.2a: Agarose gel electrophoresis showing the sizes of PCR products amplified from 
genomic DNA and inner ear cDNA templates using primers designed within adjacent exons 
of candidate genes. The differing sizes of genomic and cDNA products reflects the splicing 
out of introns in the cDNA material and serves as confirmation that a positive result 
represents a true transcript rather than genomic DNA contamination. 
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GENE Expected 
genomic 
size (bp) 

Observed 
genomic size 
(approx bp) 

Expected
cDNA size (bp) 

Observed 
cDNA size 
(approx bp) 

Acacb 226 220 82 80

Trpv4 400 400 171 170

Foxn4 204 190 115 Negative

Gltp 2301 Too large 241 240

NM146163 237 230 98 100

NM029992 193 290 (190) 24 130 (100)

Kctd10 649 650 103 100

Git2 276 270 167 170

Ube3b 377 380 129 130

NM175120 238 230 238 Negative

Mmab 385 380 143 140 (270)

Q9D1S6 802 800 191 180

Mvk 490 490 211 160 (200, 180)

NM181075 849 850 262 260

E41930 16545 Too large 179 180

NM026263 582 600 129 180

Table 5.7a: Comparison of expected and observed sizes of fragments obtained by PCR 
amplification using either genomic DNA or inner ear cDNA as template. The expected sizes 
are based on sequence data, while observed sizes are taken from the gel images shown in 
Figure 5.2a. Genomic fragments marked as “Too large” are beyond the scope of the PCR 
protocol used which will only amplify fragments up to approximately 1000bp. cDNA 
fragments marked as “Negative” gave no product on amplification. Observed sizes which 
differ significantly from expected sizes are highlighted in red.
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Figure 5.2b: Agarose gel electrophoresis showing the sizes of PCR products amplified from 
genomic DNA and inner ear cDNA templates using primers designed within adjacent exons 
of candidate genes. The differing sizes of genomic and cDNA products reflects the splicing 
out of introns in the cDNA material and serves as confirmation that a positive result 
represents a true transcript rather than genomic DNA contamination.
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GENE Expected 
genomic 
size (bp) 

Observed 
genomic size 
(approx bp) 

Expected
cDNA size (bp) 

Observed 
cDNA size 
(approx bp) 

Q8C864 483 190 483 Negative

Acads 397 400 185 190

Oasl2 1403 Too large 194 200

NM175352 4184 Too large 283 300

Oasl1 1745 Too large 229 Negative

NM175403 245 230 164 160

NM028211 288 280 114 120

Cabp1 398 400 190 190

Tcf1 298 300 188 Negative

Pop5 385 380 224 220

E44804 181 (400) 180 181 180

Rnf10 300 300 226 230

Usmg3 590 600 164 170

D5Ertd33e 250 250 163 160

Rpl37 181 (400) 180 181 180

Dnclc1 1899 210 220 220

Table 5.7b: Comparison of expected and observed sizes of fragments obtained by PCR 
amplification using either genomic DNA or inner ear cDNA as template. The expected sizes 
are based on sequence data, while observed sizes are taken from the gel images shown in 
Figure 5.2b. Genomic fragments marked as “Too large” are beyond the scope of the PCR 
protocol used which will only amplify fragments up to approximately 1000bp. cDNA 
fragments marked as “Negative” gave no product on amplification. Observed sizes which 
differ significantly from expected sizes are highlighted in red.
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Figure 5.2c: Agarose gel electrophoresis showing the sizes of PCR products amplified from 
genomic DNA and inner ear cDNA templates using primers designed within adjacent exons 
of candidate genes. The differing sizes of genomic and cDNA products reflects the splicing 
out of introns in the cDNA material and serves as confirmation that a positive result 
represents a true transcript rather than genomic DNA contamination. 
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GENE Expected 
genomic 
size (bp) 

Observed 
genomic size 
(approx bp) 

Expected
cDNA size (bp) 

Observed 
cDNA size 
(approx bp) 

Sfrs9 489 500 203 190

Sirt4 663 700 245 240

NM029645 5521 Too large 250 250

NM133915 364 350 269 270

Q8C4H9 250 250 250 250

Gcn1l1 383 380 164 160

15E1 1444 Too large 187 180

NM198163 244 240 162 160

Cox6a1 324 330 193 190

Q8R1D2 1028 Too large 240 250

Msi2h 232 230 133 130

Rpl29 235 240 235 240

Q9D2I7 177 180 177 180

Cit 525 530 255 250

Pla2g1b 1283 Too large 232 230

Prkab1 391 400 136 140

Table 5.7c: Comparison of expected and observed sizes of fragments obtained by PCR 
amplification using either genomic DNA or inner ear cDNA as template. The expected sizes 
are based on sequence data, while observed sizes are taken from the gel images shown in 
Figure 5.2c. Genomic fragments marked as “Too large” are beyond the scope of the PCR 
protocol used which will only amplify fragments up to approximately 1000bp. cDNA 
fragments marked as “Negative” gave no product on amplification. Observed sizes which 
differ significantly from expected sizes are highlighted in red.
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Figure 5.2d: Agarose gel electrophoresis showing the sizes of PCR products amplified from 
genomic DNA and inner ear cDNA templates using primers designed within adjacent exons 
of candidate genes. The differing sizes of genomic and cDNA products reflects the splicing 
out of introns in the cDNA material and serves as confirmation that a positive result 
represents a true transcript rather than genomic DNA contamination. 
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GENE Expected 
genomic 
size (bp) 

Observed 
genomic size 
(approx bp) 

Expected
cDNA size (bp) 

Observed 
cDNA size 
(approx bp) 

NM177759 728 750 149 150

Q9D4T7 1618 Too large 229 Negative

Hspb8 6113 Too large 197 190

NM026886 424 430 245 250

Lnfrg 298 310 195 190

B-actin 332 330 (180) 207 200

Table 5.7d: Comparison of expected and observed sizes of fragments obtained by PCR 
amplification using either genomic DNA or inner ear cDNA as template. The expected sizes 
are based on sequence data, while observed sizes are taken from the gel images shown in 
Figure 5.2d. Genomic fragments marked as “Too large” are beyond the scope of the PCR 
protocol used which will only amplify fragments up to approximately 1000bp. cDNA 
fragments marked as “Negative” gave no product on amplification. Observed sizes which 
differ significantly from expected sizes are highlighted in red.
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GENE Notes Genomic 
result

cDNA
result

Outcome 

Acacb Positive

Foxn4 No band Negative 

NM146163 Positive

Kctd10 Positive

Ube3b Positive

Mmab ( ) Positive

Mvk ( ) Positive

E41930 Large intron No band Positive

Trpv4 Positive

Gltp Large intron No band Positive

NM029992 ( ) Inconclusive 

Git2 Positive

NM175120 Only 1 exon No band Negative 

Q9D1S6 Positive

NM181075 Positive

NM026263 Inconclusive 

Q8C864 Only 1 exon No band Inconclusive 

Oasl2 Large intron No band Positive

Oasl1 Large intron No band No band Inconclusive

NM028211 Positive

Tcf1 No band Negative 

E44804 Only 1 exon Positive

Usmg3 Positive

Rpl37 Only 1 exon Positive

Acads Positive

NM175352 Large intron No band Positive

NM175403 Positive

Cabp1 Positive

Pop5 Positive

Rnf10 Positive
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GENE Notes Genomic 
result

cDNA
result

Outcome 

D5Ertd33e Positive

Dnclc1 Large intron ( ) Positive

Sfrs9 Positive

NM029645 Large intron No band Positive

Q8C4H9 Only 1 exon Positive

15E1 Large intron No band Positive

Cox6a1 Positive

Msi2h Positive

Q9D2I7 Only 1 exon Positive

Pla2g1b Large intron No band Positive

Sirt4 Positive

NM133915 Positive

Gcn1l1 Positive

NM198163 Positive

Q8R1D2 Large intron No band Positive

Rpl29 Only 1 exon Positive

Cit Positive

Prkab1 No band Positive

NM177759 Positive

Q9D4T7 Large intron No band No band Inconclusive 

Hspb8 Large intron No band Positive

NM026886 Positive

Lnfrg Positive control Positive

Actb Positive control ( ) Positive

Table 5.8: Summary of the data resulting from amplification of fragments of candidate genes 
from genomic DNA and inner ear cDNA templates. In the Genomic result and cDNA result 
columns a green tick ( ) indicates the obtained band was of the expected size, a bracketed 
tick indicates that bands of other sizes were also obtained and a red cross ( ) indicates that 
the band obtained was not of the expected size.  
Where no band was obtained in the genomic sample, this is often explained by the large size 
of the intervening intron which prevented amplification by PCR.  
Where no band was obtained in the cDNA sample but amplification in the genomic sample 
was successful, this is interpreted as a negative outcome and highlighted in red. Where a 
genomic band was also absent or where the cDNA product was not of the expected size, this 
is interpreted as an inconclusive outcome and highlighted in blue.
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5.4 DISCUSSION

5.4.1 Analysis of inner ear expression data 

5.4.1.1 Inner ear expression databases 

The searching of four inner ear gene expression databases gave positive 

results in three, with none of the bronx waltzer candidate genes matching those 

described in the Washington University Inner Ear Protein Database 

(Thalmann and Thalmann). This is a relatively small database comprising 52 

genes compiled by PAGE purification of fluids and tissues from the guinea 

pig inner ear, with identification of proteins carried out by amino acid 

sequencing, mass spectrometry and immunohistochemistry. This method is 

not especially sensitive and it might be expected that genes expressed at low 

levels could be missed, thus it is not remarkable that none of the 52 genes 

investigated here were found to be included.  

The Inner Ear Gene Expression Database (Chen and Corey 2002) resulted 

from a microarray study where cochlear mRNA was extracted from mice at 

ages P2 and P32 and hybridised to Genechip oligonucleotide arrays. The 

effects of the bronx waltzer mutation can be observed from the beginning of 

hair cell development at E16.5 and hair cells can be seen to be degenerating 

until P1, after which point the observations are of disorganisation and missing 

hair cells. It is therefore possible, though not certain, that the gene responsible 

for the bronx waltzer phenotype may be down-regulated or even turned off by 

P2 and thus would not be present within this database. The microarrayed 

samples were associated with known genes and ESTs by sequence homology 

and it is these descriptions and gene IDs which are searchable in the database. 

However, since the data dates from 2001, many new transcripts have been 

reported and some gene IDs have altered, making effective querying of the 

database difficult. Therefore a negative result when screening this database 

may be less informative and the total number of genes found to be positive 
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might be expected to be lower than for the databases queried on the basis of 

sequence homology.  

The Mouse organ of Corti EST database (Pompeia et al. 2004) and the 

Morton Human Fetal Cochlea EST database (Robertson et al. 1994) both take 

the form of cDNA library sequences which have been matched to published 

gene sequences using BLAST (Basic Local Alignment Search Tool). These 

matches can be searched by gene description, but it is also possible to directly 

screen the EST sequences by BLAST. This second approach greatly augments 

the sensitivity of the screen, since it allows the inclusion of novel genes which 

cannot be identified by description and bypasses the problem of fluidity in 

gene IDs. The limitations incurred are those found when using any sequence 

homology approach, namely that conserved regions and gene families may 

lead to false matches. This is particularly problematic when BLASTing against 

ESTs because the sequences are by nature relatively short and thus the 

differences between similar sequences which may emerge in longer sequence 

reads are not apparent. When searching the Mouse organ of Corti EST 

database this problem could be avoided by using a high cut-off value since the 

query sequence and database sequences originate from the same organism and 

might be expected to show a high level of homology in the case of a true 

match. When querying the Human Fetal Cochlea EST database, divergence 

between the two organisms necessitates the use of lower cut-off in order to 

detect orthologues. This carries the risk of identifying a different member of 

the same gene family, although one could argue that the expression of a close 

family member within the inner ear should contribute towards the potential 

candidacy of a gene. One solution to this problem would be to query the EST 

database not with the mouse protein sequences but instead with their human 

orthologues. However, very few orthologues have been directly confirmed by 

means other than sequence similarity, thus introducing the same uncertainty 

as regards conservation of function. In addition, this approach would not 

allow the inclusion of novel genes since few of these possess verified 
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orthologues. Once again, in the case of these EST libraries the age of the 

analysed tissue must be taken into account. The Mouse Organ of Corti ESTs 

were derived from tissue of mice between P5 and P13, once again introducing 

the possibility that the bv gene may have been turned off or down-regulated in 

the samples studied if it required only for the maintenance of hair cells. The 

tissue used in the preparation of the Human Fetal Cochlea Library was 

obtained from foetuses between the ages of 16 and 22 weeks. Although the 

maturation of the hearing process has not been widely studied in humans, it is 

thought that cochlear anatomy is grossly mature by 22-26 foetal weeks but 

that hair cells may continue to mature beyond this stage (Larsen 1997). Thus 

the mRNA molecules represented in this library are likely to represent those 

present in the developing ear at the appropriate stage. 

Given the advantages and drawbacks of the different databases as outlined 

above, it was considered when evaluating these data that greater significance 

should be given to those genes which are represented in more than one of the 

databases screened.  

5.4.1.2 RT-PCR data 

Of the 52 candidate genes tested for expression in P0 inner ear tissue by PCR 

amplification, 42 gave a positive result where bands of the expected size were 

observed in both the genomic and cDNA amplifications. Two – Mmab and 

Mvk – were probably positive, with additional bands other than that of the 

expected size being observed. This may be a reflection of other gene family 

members, repeat regions or alternative transcripts. However, since the 

question being addressed here is the presence or absence of a specific band, 

its presence even in the company of other bands can be interpreted as a 

positive result. Five genes gave an inconclusive result, with two of these – 

Oasl1 and Q9D4T7 – being primers which gave no product with either 

genomic or cDNA templates where the genomic product was too large for 

amplification. It is thus possible that these represent a negative result, but may 
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also be the result of primer failure. The remaining three inconclusive results 

were those where the bands obtained in either the genomic or cDNA assay 

were not of the expected size. This may represent non-specific amplification, 

but since each of these genes – NM029992, NM026263 and Q8C864 – are 

novel predictions, it is also possible that their coding regions have not been 

correctly annotated and that the observed sizes are representative of the actual 

gene product. Only three genes were found to be negative, giving a genomic 

product of the expected size but no product when amplified from the cDNA 

sample. These genes – Foxn4, NM175120 and Tcf1 - represent the most 

interesting data from this study. Given that the great majority of genes tested 

were found to be present in the cDNA sample, the apparent absence of these 

genes can be interpreted as significant evidence that they are not expressed in 

the P0 inner ear.    

The 42 genes which were found to be positive in the course of this simple 

expression screen compare to the total of 26 genes which were identified as 

being positive in at least one of the published gene expression databases (see 

Table 5.5). This discrepancy is most likely to be a reflection of the 

comparative impurity of the starting material. Although care was taken when 

dissecting out the inner ears for RNA extraction to remove as much 

extraneous tissue as possible, it is likely that a small amount of brain and 

muscle tissue was processed with it. This would result in mRNA populations 

from these tissues being represented at low levels in the cDNA sample which 

was later screened with gene-specific primers, thus increasing the likelihood of 

a positive result. Since the amplification from cDNA was not quantitative, it is 

not possible to infer whether a positive band suggests that a gene is either 

strongly or weakly represented in the sample. In any case, this would not be 

informative since a gene required only in a very specific cell type would 

appear to exhibit low level expression but could still play an important role in 

ear development, while a ubiquitously expressed muscle gene might show a 
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high level expression despite the relatively low number of muscle cells in the 

total tissue. 

In order to rectify the issue of contamination with other tissue, more of the 

inner ear could be dissected away before processing. Since it is expected the bv

gene should be detectable in inner hair cells during development, it might 

seem sensible to generate cDNA purely from the organ of Corti. However, 

this procedure is not a simple one. The mouse organ of Corti is extremely 

small at P0, making it very difficult to dissect and also necessitating the 

collection of tissue from a large number of mice in order to obtain sufficient 

RNA to carry out the study. By way of an example, in the construction of the 

mouse organ of Corti library, Pompeia et al. (2004) finely microdissected OCs 

from mice aged P5 to P13 and even with the larger size of the ear at this age, 

four hundred ears were required to obtain sufficient tissue. Another solution 

would be to carefully dissect the organ of Corti from a small number of ears 

and use an RNA amplification technique such as T7-based linear 

amplification (Van Gelder et al. 1990; Baugh et al. 2001) in order to generate 

sufficient material. This was the approach used by (Morris et al. 2005) in their 

study of genes differentially expressed in the lateral wall, organ of Corti and 

spiral ganglion. If sufficient time and expertise were available, this method 

would have been employed and the PCR screen repeated using the same sets 

of primers with the new material as template. 
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5.4.2 Assessment of candidacy based on the evidence gathered 

The various sources of information described in this chapter are intended to 

allow the prioritisation of candidate genes for further investigation. To this 

end, the data available for each gene are summarised in Table 5.11 in order to 

simplify the process of comparison. In addition, a scoring system has been 

developed to allow a relatively objective method of selecting those genes with 

the most evidence in their favour for inclusion in further studies. The criteria 

for scoring are described in Table 5.9. The allocation of points was weighted, 

with stronger evidence contributing +1 or -1 point depending on whether it 

strengthened or weakened the case for the gene in question, while less strong 

evidence contributed +0.5 or -0.5 points. For example, when assessing the 

published literature available for a given gene, information concerning a 

mouse model was weighted more strongly than that arising from a human 

disorder or other model organism since disruption of the gene in the mouse 

might be expected to give a phenotype more closely resembling that of bronx 

waltzer. In the case of the inner ear cDNA screen, negative results were rare 

and positive ones may have been the result of contamination with other tissue 

as discussed in Section 5.4.1.2. Therefore negative results were considered to 

have more significance and were weighted +1, while a positive result 

contributed +0.5 points.   
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Data source Criteria Points 
Expression described in the ear or retina +1 
Involvement in pathways known to be important in 
hearing

+1

Gene function extensively studied and no evidence 
reported of involvement in hearing 

-1

Knockout mouse model lacking a hearing or vestibular 
phenotype

-1

Published 
literature 

Human condition or other model organism not 
showing a hearing or vestibular abnormality 

-0.5

Represented in no queried database 0 
Represented in one queried database +0.5 

Inner ear gene 
expression
databases Represented in more than one queried database +1 

Inconclusive result 0 
Positive result +0.5 

Inner ear cDNA 
PCR screen Negative result -1 

Table 5.9: System used for the allocation of points to candidate genes from the bronx waltzer
region in order to quantify the evidence for and against their being responsible for the 
phenotype.

These scores were then used to establish a candidacy rating ranging from 

“Very low” to “Very high” using the cut-off values shown in Table 5.10. The 

points awarded to each candidate gene along with their total scores and 

assigned level of candidacy are given in Table 5.11. 

Total points Candidacy rating
 2.5 Very high 

1.5 – 2 High 
1 Medium 
0 – 0.5 Low 

 -0.5 Very low 

Table 5.10: Cut-off values used in the assignment of candidacy ratings to genes from the 
bronx waltzer region 
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5.4.3 Selection of candidate genes for further analysis 

Of the 54 genes examined, twelve scored greater than 1.5 points using the 

weighted scale and obtained a candidacy rating of either “High” or “Very 

high”. Of these twelve, three were the novel genes Q9D1S6, NM175403 and 

NM198163 which each scored 1.5 points. Their points were accrued via 

expression data which was not dissimilar from that of many of the known 

genes, with the difference being that the lack of specific literature meant that 

no negative points were assigned to them. Therefore these genes were not 

initially prioritised but may be investigated at a later date. The remaining nine 

genes in the “High” or “Very high” candidacy categories were Myo1h, Kctd10, 

Ube3b, Trpv4, Git2, Cabp1, Dnclc1, Paxillin and Citron. These genes were all 

selected for further analysis. One other gene, Foxn4, was included in later 

studies. At the time the assessment was carried out this gene appeared to 

represent an interesting candidate but in September 2004, data regarding the 

phenotype of a knockout mouse (Li et al., 2004) was published and personal 

communication confirmed that the mouse did not exhibit any hearing or 

vestibular phenotype.  

Taken together, these ten genes represent a manageable subset of genes from 

within the bronx waltzer candidate region for which further investigation is 

justified on the merit of the evidence considered. All ten of them have been 

previously described to some degree, with none of the novel genes having 

been selected. It is very possible that the bronx waltzer gene could be as yet 

undescribed, however it is very difficult to select which of the 23 

uncharacterised genes to investigate when there is so little information to go 

on. It would be beneficial in this case to carry out more detailed expression 

studies using sections or whole mount in situ hybridisations to determine 

whether they are expressed in the expected tissues of the inner ear. This work 
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was beyond the scope of the current project, but should be considered in 

further pursuance of the bv gene.


