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Introduction
Colour is an important component of the information that we gather with 

our eyes. We use colour so automatically that we forget to appreciate how 

important it is in our daily activities. Colour gives us instant information about 

the world around us. We use colour to select our partners or to stop at the 

traffic light. We know when the fruit is ripe, the ripe banana is yellow not green. 

Colour is regarded as important in hunting and to avoid predators.  

Among mammals, trichromatic colour vision is found only in humans and 

in a subset of the primates1-7. Vision begins when a photon is absorbed by a 

visual pigment. Visual pigments are light-absorbing molecules that mediate 

vision. Each pigment is specified by its wavelength of maximal absorption. 

The three pigments that mediate human colour vision have absorption 

maxima at approximately 420 nm (the blue-sensitive pigment), 530 nm (the 

green-sensitive pigment) and 560 nm (the red-sensitive pigment). These 

three pigments are referred to as cone pigments because they reside in those 

photoreceptor cells with cone-shaped outer segment. Normal colour vision 

is mediated by these three classes of cone photoreceptors, hence the name, 

trichromatic colour vision. These cone photoreceptors are commonly known 

as short, medium or middle and long wavelengths of visible light (380-760 nm), 

abbreviated S, M and L, respectively. The majority of the other animals (like that 

found in dogs) have dichromatic colour vision, relying on two classes of cones 

for limited colour discrimination capacity. Some mammals, probably a minority, 

are monochromats that lack colour vision. A fourth pigment, rhodopsin, that 

mediate vision in dim light and absorbs maximally at 495 nm,  is found in those 

photoreceptors with rod-shaped outer segment.  

The visual pigment consists of apoprotein, opsins, which are covalently 

bound to chromophores8-13. Vertebrate pigments utilise only two different 

chromophores, 11-cis-retinal or, in rare instances, 11-cis-dehydroretinal. Each 

cone photoreceptor cell expresses only one of the photopigments. The fovea 

is densely packed with red and green cones. Rods and blue cones are found 

outside the fovea. The photopigment spectra have wide regions of overlap. 

This is critical for colour vision since perception of colour in the brain results 

from comparison between signal outputs from the three classes of cone 

photoreceptors.

Colour vision defects
There is a wide variation in both normal and defective colour vision among 

humans1-13. Until recently, colour vision defects are known to be caused by the 

loss of one kind of cone pigment1-13. Losses in colour vision can be understood 

by considering what is missing to cause perceptual loss. Classes of colour vision 

defects or deficiency include:

1. The red-green colour vision defects
Almost all red-green colour vision defects can be explained as being caused 

by the absence of one class of cone photopigments. The class of defects 

characterised by the absence of M cones is termed with a prefix deutan while 

those defects characterised by absence of L cones are termed with the prefix 

protan. S cone defects are given terms with the prefix tritan. The deutan type 

is caused either by lack of green cone or by replacement of green cones with 

ones that contain anomalous pigments (deuteranomaly). The protan type is 

caused either by lack of red cones (protanopia) or by replacement of red cones 

with ones that contain anomalous pigment (protanomaly). Inherited protan 

and deutan defects are collectively termed red-green colour vision defects/ 

deficiencies and are common, affecting approximately 8-10% of men. In 

contrast, congenital tritan defects are rare (affecting 1 in 10 000 people).

The milder forms of red-green colour defects are called anomalous 

trichromacies. There are two types: protanomaly and deuteronomaly 

that parallel the two dichromatic types (protanopia and deuteranopia). 

Protonomalous trichromats are missing normal L photopigment just like the 

protanope. They have trichromatic colour vision but are not based on L, M 

and S pigments like in those with normal colour vision. 
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Protanomaly trichromats have normal S (blue) and M (green) pigments but an 

abnormal or anomalous L (red) pigment. Deuteranomaly is the most common 

type of anomalous trichromacy. It is the most common of all inherited colour 

vision defects. Deuteranomaly is based on three pigments. It is based on the 

presence of the S cones plus two spectral subtypes of L cones. All persons with 

deuteranomaly have at least two different genes to encode L pigments.  

2. Tritan colour vision defects
Tritan or blue-yellow colour vision defects/ deficiency are due to defective blue 

cones. It is characterized by blue-yellow colour confusion. It is a rare autosomal 

dominant trait with severe tritanopia and mild tritanomaly forms.

3. Blue cone monochromacy 
Blue cone monochromacy (BCM), also known as X-chromosome-linked 

monochromacy is an incomplete achromatopsia. BCM is an inherited colour 

vision defects in which functional red and green cones are absent, but 

preserve blue cones and rods. Under photopic conditions, BCM individuals 

experience total blindness, while at intermediate light levels, interactions 

between rods and blue cone signals allows for crude hue discrimination. BCM 

is a rare X-linked ocular disorder, characterized by poor visual acuity, infantile 

nystagmus (which diminish with age) and photodysphobia.

4. Achromatopsia
Achromatopsia, also referred to as total colour blindness or rod monochromacy, 

is an autosomal recessive congenital and stationary ocular disorder. 

It is characterised by severe photophobia under daylight conditions and 

nystagmus. Visual acuity is strongly reduced and colour discrimination is 

impossible. This is a genetic dysfunction of all three types of cones.

5. Red-green colour vision defects (dichromacy)
Dichromats base colour vision on just two pigments (two types of cones). 

Protanopes have lost L pigment and deuteranopes have lost M pigments. 

Dichromacy is much rare in women, but this should be not interpreted to mean 

that it does not ever occur in them. In most cases, the direct cause is the loss of 

the genes that encode one class of cone photopigments. For protanopes, it is 

the loss of L cone pigment genes that cause the colour vision defects. Two cases 

have been reported in which a protanope was found to have an apparently 

intact L pigment gene in addition to M pigment genes. It is assumed that in 

these rare cases there is a genetic defect associated with the L opsin gene that 

interferes with the expression or function of the encoded L pigment. Like the 

protanopes, many deuteranopes, who lack M cone function, have lost all 

M opsin genes.  

Neural mechanisms for seeing colour
The machinery of biological system for seeing colour is composed of two 

stages: the first consists of light-sensitive receptors and the second consists of 

the neural components needed to process, partition and encode information 

about the wavelengths that the photoreceptors collect14-16. Hue is the property 

that allows us to perceive colours as ranging from red through yellow, green 

and blue. It is determined by wavelength content of colours. In the human 

visual system, the stage for encoding hue has two components. One hue 

system is responsible for perceiving the hue-pair blue and yellow and the 

other is responsible for the hue-pair red and green. Each of these two systems 

is believed to share properties with black-white system. The blue-yellow and 

red-green systems are different and separate. Together, the two systems extract 

information used for colour from the three classes of cone photoreceptors: 

short-, middle- and long-wavelength-sensitive. However, the two systems 

diverge at the level of cone photoreceptor output. One system draws output 

from the S cones, comparing it to the L plus M cone responses, the other extract 

wavelength information from a comparison of the relative L and M 

cone responses. 
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Genes and photopigments
Colour vision is concerned with the mechanisms responsible for the appearance, 

detection and discriminability of stimuli of varying wavelength composition14-16. 

Elucidating the neural machinery underlying normal and defective colour 

perception is a difficult problem. It requires an understanding of the mechanism 

and events at the level of genes, proteins, neurons and circuits, which are 

relatively inaccessible. The genes for human long-wavelength (L) and the middle-

wavelength (M) cone opsins are located to the X-chromosome at Xq28 and the 

gene for the short-wavelength (S) cone opsin to the autosome chromosome 

7 at 7q32. Alterations in the cone opsin genes underlie inherited colour vision 

deficiencies. Red-green colour vision defects are inherited as X-chromosome 

linked recessive traits. The genetic designations for L, M and S opsin genes 

are OPNILW, OPN1MW and OPN1SW, respectively.  OPNILW and OPN1MW are 

arranged in a cyclic array. Among individuals with normal colour vision there is 

variability in the number of OPNILW and OPN1MW genes per X-chromosome array 

with more variability in the number of OPN1MW than in OPNILW gene. 

Most people with normal colour vision do not have just one L and one M gene. 

People with normal colour vision just have one L and one M gene share the same 

L and the same M pigment but there is variation in the amino acid sequences of 

both L and M opsins. There are no known disadvantages or advantages of having 

extra genes in addition to one L and one M. however, the reduction of genes to 

less than the required one L and one M leads to colour vision defects.

Individuals with protanopia (dichromatic colour vision) have M- and S-cone 

photoreceptors, and those with protanomaly have S-, M- and anomalous M-like 

pigment that differ from the normal M. Deutaranopia have only L- and S-cone 

photoreceptors. Deutaranopia results from deletion of the M-pigment gene. 

Tritan colour vision is due to defective S-cone and is characterised by blue-yellow 

colour confusion. It is an autosomal dominant trait in the severe (tritanopia) and 

mild (tritanomaly) forms. Mutations in the blue-pigment gene, located 

on chromosome 7, have been implicated in causing tritanopia.

Achromatopsia, also referred to as total colour blindness or rod monochromacy, is 

an autosomal recessive, congenital and stationary ocular disorder1-13. Mutations in 

a third gene, GNAT2, located on chromosome 1p13 were found to be associated 

with achromatopsia. GNAT encodes the cone photoreceptor-specific α-subunit 

of transducing, a G-protein of the phototransduction cascade. These proteins are 

essential for mediating hyperpolarization of the cell membrane and generating an 

electric signal that is initiated by absorption of light by the photopigment.    

Benefits of colour vision
Colour vision is a behavioural capacity that permits individuals to discriminate 

variations in the spectral composition of light irrespective of the variation in 

intensity. Humans and animals detect and recognise objects in conditions of 

patchy and changing illumination8-13. This is done by comparing the signals of 

receptors tuned to different parts of the spectrum (chromatic vision). Patchy 

illumination is common in forest and in shallow water, where refraction of light 

on the surface of water yields strong variations in the illumination. Colour vision 

in the vertebrates could have appeared as an adaptation to patchy light in their 

shallow aquatic habitat. Animals dwelling in the forest use colour vision to 

segregate detect and discriminate unevenly illuminated objects. In the case of 

uniform illumination, colour vision helps us to detect objects against dappled 

backgrounds, such as fruits on the background of differently oriented leaves. 

Colour also serve for the identification of objects properties, for example, fruits 

can be categorised according to their colour. Surface colour depends on surface 

reflectance and on spectral distribution of the illumination. To identify objects we 

need to perceive colours constantly by ignoring colour changes caused by the 

spectral variation of the illumination.

Clinical colour vision tests
There are many clinical colour vision tests that have been developed but we will 

limit the tests that are commonly available. The form of colour vision test may be 

classified as: 
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1.Pseudoisochromatic plate test
The patient is required to identify a number, letter or shape embedded 

in a background and differentiates it on the basis of colour only.

2. Arrangement test
The patient is required to arrange a set of colours into an ordered 

sequence based on hue.

3. Matching test
The patient is required to adjust two colours until they match.

4. Naming test
The patient must name the colour correctly.

Screening for colour vision deficiencies
Colour vision screening should be done if colour vision deficiency is 

present. The problem is that most colour vision tests for screening are 

limited to protan and deutan congenital colour vision deficiencies. 

Tritan colour vision deficiencies are relatively uncommon. Acquired 

blue-yellow colour vision deficiencies have at least the same prevalence 

as red-green, so any screening for colour vision deficiencies should be 

designed to detect both red-green and blue-yellow deficiencies.   

Available test
1. Ishihara test
The figures on each plate are embedded in a random pattern of 

variably-sized dots. The test comprises of a demonstration plate, 

disappearing, alternating, hidden and diagnostic plate. The most used 

one contains numericals and tracing plates. Currently available are 38- 

and 24-plate editions.

2. Farnsworth Munsell dichotomous D-15 or panel D-15 (D15)
This is very sensitive in assessing colour vision but takes long to perform 

as a routine test. The test comprises one fixed colour and 15 movable 

colours. The patient is required to arrange the moveable colours in 

order, starting with the fixed one.

3. Anomaloscope  
This is considered to be the gold standard for the diagnosis of protan 

and deutan colour vision deficiencies. It is based on the Rayleigh 

equation: Red + Green = Yellow.
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