








a novel mutation, a one nucleotide deletion at position 1825
in exon 16 of the gene c.1825delG; Figure 3A), which results
in a frameshift and premature termination of the protein
(p.V609WfsX9). Segregation analysis in the family revealed
that the two affected individuals, IV-1 and IV-3, are
homozygous for the mutation, while four healthy persons
(III-2, IV-2, IV-4, IV-7) are heterozygous carriers, and two
healthy persons (IV-5, IV-6) are homozygous for the wild type
allele (Figure 1B and Figure 3A). The c.1825delG mutation
was not identified in 44 probands with retinal dystrophies.
Clinical re-evaluation: As it has previously been reported that
mutations in CNGA3 and CNGB3 are associated with cone
dysfunction [9-11], the clinical status of the affected
individuals from both families was re-evaluated. The affected
individuals of family RP26 (IV-1 and VI-2), who were aged
35 and 11 years, respectively, at the time of fundoscopy,
showed a normal macular region. However, one affected
individual from each family (RP26_V-2 [age 14 years] and
RP44_IV-1 [age 19 years]) showed the beginning of a Bull’s
eye maculopathy (Figure 4), and revealed some residual cone
responses on the photopic ERG on the 30 Hz flicker
stimulation (Figure 5), showing that the disease is progressive
in these patients.

The affected individuals from family RP26 had
congenital nystagmus, photophobia and were color blind. In
addition, the affected individuals (IV-1, V-2, and VI-2) had
low visual acuity of 20/200, 20/400, and 20/200, respectively.
Members of family RP44 could not be revisited for the visual
acuity test because they live in a very remote rural area. In this
family, a detailed telephone interview with both affected
members IV-1 and IV-3 revealed that they also had congenital
nystagmus. In addition, they had photophobia along with low
visual acuity and were found to be color blind, thereby
confirming the molecular diagnosis of ACHM.

In previous studies, affected individuals with cone-
dysfunction have been treated with red colored-tinted glasses
or red contact lenses to reduce photophobia [7,8]. To
determine whether this would also help in family RP26, the
affected individuals (IV-1, V-2) were given pink glasses to
wear. After continuous use of the glasses for two months, a
significant decrease in photophobia was observed in these
patients.

DISCUSSION
In this study, we identified two Pakistani families with
autosomal recessive ACHM. All affected individuals had an
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Figure 4. Fundus photographs of
affected individuals from families RP26
and RP44. Fundus photographs of
affected individual V-2 of family RP26
A, B) and IV-1 of family RP44 (C, D).

Patient RP26_V-2 and patient
RP44_IV-1 show the beginning signs of
a Bull’s eye maculopathy (indicated
with an arrowhead).
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Figure 5. Electroretinogram (ERG) of
the normal and affected members of the
families RP26 and RP44. The photopic
ERGs (A, C) of the unaffected
individuals (RP26_IV:2, RP44_IV:6) of
families RP26 and RP44 indicated
normal cone responses. In comparison,
the affected individuals (RP26_V:2,
RP44_IV:1) of both families had
residual cone responses (B, D).
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early onset of nystagmus, photophobia and low visual acuity
with color blindness. In these two families, novel mutations
were identified in CNGA3 (c.822G>T, p.R274S) and CNGB3
(c.1825delG, p.V609WfsX9).

There are six cyclic nucleotide gated (CNG) channels
present in mammals, and these are divided in two subfamilies,
the A subunits (CNGA1–4) and the B subunits (CNGB1 and
CNGB3). The CNGA3 and CNGB3 channels play a critical
role in cone-mediated vision, which is required for central and
color vision, as well as visual acuity. CNGA3 and CNGB3
encode the cone CNG channel subunits [22] that are able to
form heterotetramers [23], although CNGA3 subunits may
also form homotetramers [24]. Mutations in these two genes
have been shown to result in different forms of ACHM and
cone dystrophy [23].

In CNGA3, the p.R274S mutation is located in a
conserved region (Figure 2B), which is part of the fourth
transmembrane helix (S4) [17]. The arginine residue at this
position is conserved among the CNG alpha subunits of rods
(CNGA1) and olfactory neurons (CNGA2), Shaker K+

channels and HCN channels [25]. Mutations in the S4 domain
have been shown to cause failure in cellular channel
processing. Mutant channel proteins are not glycosylated, and
do not reach the surface plasma membrane; they remain
trapped in the endoplasmic reticulum, and are most likely
misfolded [25].

The c.1825delG mutation in exon 16 of CNGB3 should
in theory give rise to nonsense-mediated decay of the mutant
RNA, and can, therefore, be considered a loss-of-function
mutation. In case there is residual CNGB3 mRNA, the
predicted truncated protein (p.V609WfsX9) lacks the
conserved cyclic nucleotide-monophosphate (cNMP)
domain. The cNMP domain is the binding site for cyclic
nucleotides, and is involved in the cyclic nucleotide mediated
activation of the protein. It is hypothesized that both putative
effects of this variant will lead to the loss-of-function of
CNGB3.

Identification of causative mutations aided in the correct
diagnosis of ACHM in these two Pakistani families, which
had previously been diagnosed to suffer from retinal
dystrophy. After the correct re-diagnosis of the disease, the
use of pink glasses reduced the photophobia to some extent in
the affected individuals of family RP26. Due to the use of
these dark colored pink glasses, the light exposure was
reduced, resulting in increased scotopic vision that helped the
patients to see objects at a distance, even during the day time.
In this study, we report the first genetic screening and use of
dark glasses as supportive therapy for ACHM in Pakistan, a
disease that is often misdiagnosed.
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