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MINI REVIEW

New light on visual pigment genes

The recent explosion in knowledge about the human
genome, resulting from the application ofthe new methods of
molecular genetics, has extended to our understanding of the
genes encoding visual pigments. This in turn has given us
new insight into the mechanisms of normal and abnormal
colour vision as well as basic mechanisms of evolution.

Visual pigments, which reside in the plasma and disc
membranes of photoreceptor outer segments, consist of an
apoprotein, opsin, covalently linked to 1 1-cis-retinal, the
apoprotein in each visual pigment being encoded by a
different gene. The absorption of a photon by a visual
pigment results in the isomerisation of retinal from the 1 1-cis
to the all-trans configuration, and this ultimately results in
the production of a neural signal.

Recent work by Nathans and his colleagues' 2 started with
the assumption that the rod pigment, rhodopsin, and the
cone pigments all evolved from a common ancestor and, as a
result, would contain similar sequences of nucleotides. Using
a bovine rhodopsin gene as a probe, they found that it bound
strongly to one segment of human DNA and less strongly to
three other DNA segments. The segment to which the
bovine rhodopsin gene bound strongly was shown to be the
gene encoding human rhodopsin which resides on chromo-
some 3.34 The three segments to which it bound less strongly
were shown to be the genes encoding the colour vision
pigments, two (the red and the green colour vision genes)
being on the X chromosome and one (the blue colour vision
gene) on chromosome 7.2 Bovine and human rhodopsin are
approximately 90b/o identical in DNA sequence,56 human
rhodopsin and colour pigments are approximately 40%
identical,6 while the red and green pigments show only 43%
identity with the blue pigment but 96% mutual identity. ' The
fact that the genes encoding the red and green pigments are
96% identical and are located at the end of the long arm of the
X chromosome suggests that they arose by an evolutionarily
recent duplication event.
One unexpected finding was that, while males with normal

colour vision have one red pigment gene on each X chromo-
some, the number of green pigment genes varied from one to
three,' while occasionally there may even be four or more
green pigment genes.7
Nathans and his colleagues then studied people with the

four classes of red and green colour blindness. People with
deuteranopia were found to have a normal red pigment gene
but no green pigment gene(s). Those with protanopia lacked
a normal red pigment gene, which was replaced by a hybrid
red-green pigment gene, and they had no green pigment gene
or a variable number of them. Deuteranomalous trichromats
had a normal red pigment gene, a hybrid red-green gene,
with or without normal gene pigment genes. Protanomalous
trichromats had no normal red pigment gene, a hybrid red-
green pigment gene, and a variable number of green pigment
genes. These findings were explained by unequal crossovers
that resulted in the deletion of a pigment gene or the
production of different fusion genes consisting of varying
portions of the red and green pigment genes.2 8 People with
protanopia and protanomaly appear to have the same geno-
type (one red-green fusion gene and one intact green gene).

These phenotypic differences could be due to slight differ-
ences in the crossover points between the red and green
pigment genes, resulting in protein pigments with different
in-vivo light sensitivity, causing different colour perception.9
Similarly, differences in crossover points could explain the
variations that have been described in the degree of impair-
ment in people with anomalous trichromacy (protanomaly
and deuteranomaly). The molecular methods used up to the
present cannot distinguish between small differences in the
position of crossover points.

It is interesting that the gene for X-linked blue cone
monochromatism maps to Xq28, the site of the red and green
pigment genes. It is possible that this rare disorder, charac-
terised by poor vision, nystagmus, photophobia, and
achromatopsia, results from alteration of these two pigment
genes so that they do not function, or from their deletion.'0
The observation that humans and Old World monkeys

have red and green pigment genes on their X chromosome
while New World monkeys have one long wavelength gene
on their X chromosome"I has led to the suggestion that short
wavelength (blue), long wavelength (red and green), and rod
pigments all diverged from a common ancestor more than
500 million years ago, and that the red and green pigment
genes were generated, after a duplication event, after the split
between New and Old World primates some 30 to 40 million
years ago.' An alternative suggestion is that the rhodopsin
gene and the common ancestor of the colour pigment genes
diverged first, about 800 million years ago, and that the three
different colour pigment genes evolved after that. 12
There is still much to learn about visual pigments, many

questions about colour vision that remain unanswered, but
already the new genetics has produced exciting avenues for
further study.
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