














Figure 3. Molecular and clinical details of patient from Family C with a mutation in the MFRP gene. A: The family pedigree is shown. B:
Sequence of MFRP gene in normal control (top panel) and in patient C-1 (bottom panel). The arrows in the top and bottom panels respectively,
mark the SNP c.492C>T (rs36015759) and the position of the single base deletion in patient C-1. C: Fundus montage of the right eye of patient
C-1 (aged 21 years) from Family C with an MFRP gene mutation showing perifoveal pigment deposits, relative parafoveal sparing, diffuse
extensive graying of retina with white flecks extending from arcades to the peripheral retina, and the presence of a peripheral reticular, bone
corpuscular type of pigmentary retinopathy. There is not much disc pallor or arterial narrowing.
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phenotype of early-onset retinal dystrophy with onset at one
and eight years for two patients in the family (Table 2).
Notable features included nyctalopia in early stages, early
macular involvement in one of the siblings, and bright macular
reflexes in both cases. The presence of macular involvement
was also a feature of patients with a mutation in TULP1
reported in our earlier study [12]. Contrary to reports in the
literature in which nystagmus was a feature of patients with
TULP1 mutations [3,15,16], no nystagmus was present in our
patients. Other clinical features were characteristic of RP.

The complex novel mutation in NR2E3 detected in our
study predicts a frameshift in the N-terminal region of the
protein and hence would be expected to result in complete loss
of activity. Several mutations have been reported in NR2E3
with the majority being missense mutations and only a few
deletions or frameshifts [17]. Mutations in NR2E3 have been
associated with a range of overlapping phenotypes, including
ESCS, clumped pigmentary retinal degeneration, Goldman-
Favre syndrome, and dominant as well as recessive RP.
Considerable phenotypic variability is a feature of NR2E3
mutations although features of the NR2E3-linked recessive
disorders include night blindness in early stages, clumped
pigmentary deposits, and a more severe loss of rods than cones
[17]. In addition, the same mutation is reported to be involved
in different phenotypes such as ESCS and ARRP [18,19].
Patients in the present study lacked the more typical features
of RP but had a rod-cone phenotype without the characteristic
clumped pigmentary deposits. The ERGs were of a subnormal
rod-cone type. In addition, notable features seen in our cases
were white flecks in the mid-periphery and sub-retinal scars.
In our patients, the phenotype and ERG were also descriptive
of ESCS. However, the patient did not undergo optical
coherence tomography, and we could not confirm the clinical
description of ESCS.

The single base deletion in the MFRP gene observed in
the present study is interesting in that it represents the fifth
independent occurrence of the same mutation reported, in
patients of different countries of origin. The C residue at
position 498 is part of a stretch of seven C residues from c.
492 onwards that represents a mutational hotspot for this gene,
since the mutation at this site has occurred in patients of
different populations, including Mexican [20,21], Spanish
[22], and Caucasian [23], and patients from the UK [24].
However, different studies have designated the mutations at
this site differently at DNA as well as protein levels; the c.
492delC [23]and c.498delC [21,22] changes as reported are
not really distinguishable from each other based on the DNA
sequence since it is not clear which C residue among the seven
consecutive ones is undergoing deletion. According to recent
nomenclature guidelines (mutnomen), in case of ambiguity,
the 3′ most position is assigned to have the mutation; hence,
we have described it as c.498delC. Interestingly, one of the
mutations at this site is an insertion of C [20]. Nine distinct
mutations have been reported so far in MFRP associated with

variable phenotypes. In Sundin et al.’s study [23], the
phenotype consisted of nanophthalmos, and no retinal
degeneration was observed. In subsequent studies of patients
with MFRP mutations, consistent features frequently reported
are the early onset of visual loss [24], the presence of high
hyperopia, diminished ERG responses with a rod-cone
pattern, and RPE atrophy [20,21]; occasional or inconsistent
features include night blindness, hyperpigmentation of the
retina, foveoschisis, macular cysts, and optic nerve drusen
[22,24]. In the present study, features of RP were seen without
the other features of MFRP-related oculopathy. Affected
siblings in the present study had night blindness, rod-cone
type of ERG, and extensive degeneration of RPE. High
hyperopia was observed in this family though variable; the
presence of macular involvement was also variable (Table 2).

In summary, the data presented here demonstrate the role
of the TULP1, MFRP, and NR2E3 genes causing ARRP in
Indian families, report novel mutations in these genes, and add
to the range of mutations and clinical phenotypes that have
been documented for this heterogeneous group of disorders.
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