














generated. The protein would be nonfunctional as exon 2
codes for a major part of the opsin. The mutant protein product
would lack part of the N-terminal extracellular domain,
transmembrane helix I, cytoplasmic loop I, transmembrane
domain II, extracellular loop I and part of transmembrane
helix III. We hypothesize that this mutant partial “opsin”
protein could accumulate in L and M cone photoreceptors that
express this hybrid gene product over time, leading to gradual
cone cell loss and a slowly progressive phenotype as observed
in Family 2.

In addition to Family 2 there are a small number of other
families with BCM in which slow disease progression has
been documented [7,9,17,25]. Molecular genetic studies in
three of the families have shown an LCR deletion in two
families [9,17] and a single L–M hybrid with an inactivating
C203R mutation in the third family [7]. Progression was not
reported in the Danish family in whom exon 4 of an isolated
L opsin gene had been deleted [18]. Our findings in Family 2
provide further evidence of intragenic heterogeneity even
among families with a slowly progressive BCM phenotype. It
is difficult to postulate a molecular mechanism underlying
disease progression in the families with either LCR deletions
or single inactive hybrid genes. These genotypes are the most
commonly identified mutants in BCM, yet most of the
affected individuals in these families have a stationary
disorder. It is possible, however, that unidentified modifying
genes or environmental factors may account for this observed
phenotypic heterogeneity. It is also probable that if more
detailed phenotyping, including psychophysical testing, were

employed over time in more patients with BCM, progression
might be detected more commonly than expected.
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Figure 6. Sequence analysis of L and M
opsin genes in Family 3. Reference
sequences of the L and M genes are
shown on top of the electropherograms
generated from an affected male (4.2) in
Family 3. Nucleotides marked with an
arrow indicate known differences
between the L and M genes or a patient
mutation. A shows sequence 5′ to the
start codon (capitals) of exon 1. Note
presence of single sequence peaks at
positions of known nucleotide variation
between L and M opsin sequences
(arrows), indicating absence of M exon
1. B shows exon 2 sequence with single
peaks representing the presence of L
nucleotides but absence of M
nucleotides at sites of known variation
between L and M opsin genes. C shows
exon 3 sequence in which M exon 3 only
is present. D shows exon 4 sequence in
which only M exon 4 sequence is
present. E shows exon 4 sequence with
a T>C nucleotide substitution (arrow)
resulting in C203R missense mutation.
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