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ABSTRACT:                                                             

Red-green Color vision deficiency (CVD) has a high prevalence and is often a handicap in 

everyday life. The fact that most of the students do not know they have CVD due to non testing 

of color vision. All Science faculty students of the ASC Rahuri College in the age range of 17-19 

were screened for Red-green CVD by using Ishihara test plates from 2001 to 2010. Thus total 

654 males and 292 female students were screened during 10 years. The collected data were 

analyzed for frequency estimation among males and females and then estimating mating types by 

using the Hardy-Weinberg Principle. Frequency of color blindness in males was 0.303 and that 

in females 0.288. Predicted mating types show a higher contribution of carrier females, and 

homozygous color blinds than expected. Estimated normal mating type is only 35.35%. 

Prevalence of Red-green CVD was found considerably high among science students and 

specifically among females which is unusual. Mating types involving carrier females, colorblind 

females, and colorblind males together show a very high contribution than normal ones. 
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INTRODUCTION: 

Color vision deficiencies are a group of conditions that affect the perception of color. Color is 

specifically associated with electromagnetic radiation of a certain range of wavelengths visible to 

the human eye. Color is perceived by red, green and blue cone cells lining the retina and signals 

are generated. All these signals are mixed by the brain to create wide spectrum of colors that we 

perceive. Clinically color vision deficiency is classified in to 1) protan 2) deutan and 3) tritan 

types. Protan and Deutan defects are caused by recessive mutations of the genes located on the 

long arm of the X-chromosome within Xq 28 band. Tritan defects are caused by mutations of the 

gene encoding blue retinal cone pigment present on the autosome number 7.
 
Tritan defect is 

autosomal dominant and transmitted with incomplete penetrance (Deeb and  Motulsky, 2005).
 

The molecular nature of normal red-green color vision pigments and their defects were first 

revealed in 1986. Males with normal color vision have one red pigment gene and one or more 

green pigment genes. Red-green color vision defects from mild to severe are formed due to 

homologous recombination between red and green pigment genes leading either to deletions in 

green pigment genes or to full length hybrid or fusion genes (Nathans et al. 1986). Protan and 

Deutan defects can be unequivocally predicted by molecular analysis (Deeb et al. 1992). There 

are some reports of narrower foveal pit in subjects with congenital red-green CVD (Gupta et al. 

2011). Studies on the prevalence of red-green color vision deficiencies are carried out worldwide 

and show variations between male and female sexes as well as between different populations
 

(Tagarelli et al. 1999). In India the frequency of red-green CVD is variable and goes as high as 

0.231 in some areas. Its frequency is estimated at 0.1 in the Maharashtra state
 
(Bhasin, 2006).

 

Individuals with defective color vision experience many problems with color in everyday life 

and at work. They take longer time for color identification than normal individuals (Cole 2004, 

Ramaswamy and  Hovis  2009). It is therefore important for students to know the color vision 

status while molding their career in life. Some data are available for the prevalence of red-green 

CVD in different occupations. In Malaysia, 8.4 % and 0.3 % males and females are found color 

blind in the medical and paramedical profession (Balasundaram and Reddy 2006). In Nepal 5.8 

% medical students were observed color weak (Pramanik et al. 2010).
 
A CVD of 6.3 % was 

found among the practicing Nigerian dentists
 
(Bamise et al. 2007)

 
while 2.4% paramedical 

employees are found red-green color defective in Iran (Dargahi et al. 2010). Medical 

professionals encounter many difficulties due to color blindness in the practice of medicine
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(Spalding and Antony  2004). Only 3.2 % male and 1.81 % female population was found to be 

CVD in Pune district of the Maharashtra state. The same survey had found family aggregation of 

colorblindness in 28 families
 
(Natu, 1987) The present study was undertaken for Science faculty 

students of the college, since colors play an important role in all disciplines of basic Sciences. 

For example in cytochemistry, histology, qualitative analysis, spectroscopy, chromatography etc. 

colors are important and hence normal vision is required. In many physiological experiments and 

dissections colors play a significant role in understanding.  

 

MATERIALS AND METHODS:   

Screening of students for red-green color deficiency is a regular theory and practical syllabus of 

Zoology at undergraduate level in the University of Pune.  Naturally it leads to screening of 

students by using Ishihara plates available from the local practical text book of Biology and 

printed plates downloaded from the web site http://www.toledo-bend.com.These 8 plates help 

spot the most common red-green colorblindness even though the full test consists of a set of 38 

plates. Every consenting student was informed that the collected data will be used for research 

purpose only and it will be maintained strictly confidential for protecting the privacy of 

everyone. The protocol was reviewed and approved by the research ethics committee of the 

college which functions independently as per the guidelines of the Helsinki declaration. The 

plates were held at about 75 cms from the student and tilted at right angle to the line of vision. 

The test was performed in a white painted room full of natural day light. However direct sunlight 

was avoided since it alters appearance of shades of the color. The time of 10 seconds was given 

to each student for reading the number. An assessment of the reading of plates determines the 

normality or defectiveness of color vision. In total of 8 plates, if 6 or more plates were read 

correctly, the color vision was regarded as normal. If 5 or less plates were read correctly, the 

color vision was regarded as red-green deficient. In this study, students were also given options 

to identify the numbers by observing them for longer time periods by holding plates in daylight 

as per their desire and relaxing the distance limit of 75 cms. This was to make sure beyond 

doubts we are not missing any colorblind student due to hasty inspection of Ishihara chart within 

10 seconds.  It is beyond our capacity to measure a degree of CVD as mild, moderate or severe 

and other sub classifications. In 10 years from 2001 to 2010, total 654 male and 292 female 

students of the age 17 to 19 admitted in the Science faculty of the ASC College at Rahuri were 

http://www.toledo-bend.com/
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screened. It was also ensured that a student was not having any serious ophthalmic problem. The 

frequency of color blinds was estimated in males and females from a data obtained. The same 

data were further analyzed for predicting mating types by using the Hardy-Weinberg Principle.  

 

RESULTS:  

Table 1:  Frequency of Red-green color vision deficiency among science students 

               Status                            Males                                       Females 

                                        Number        Proportion         Number        Proportion             Expected 

              Colorblind            198            0.303 = q               084           0.288 =q²               0.0918 

               Normal                456            0.697 = p               208           0.712 

               Total                    654                                          292  

 

Table -1 shows the frequency of colorblindness among males and females. The observed 

frequency of colorblindness in males and females is 0.303 and 0.288, respectively. Since males 

being hemizygous, the 'q' gene frequency in them would be the same as the proportion of 

colorblindness which is 0.303. Therefore the frequency of  'p' gene is 0.697. The expected 

frequency of colorblind  females would be 0.0918 i.e. (0.303)² whereas the observed frequency 

in females is 0.288 which is very high. There is a significant difference between expected and 

observed values of colorblind and normal females ( ᵡ2
=132.59, df =1, p <0.001). The Hardy-

Weinberg law enables the frequencies of different mating types to be predicted. Figure-1 is a 

prediction of different mating types using the Hardy-Weinberg law. In this figure the percentage 

of both the normal mating type is lesser than expected (35.35%). Mating types between both 

colorblind (2.512%) and normal male-colorblind female (6.07%) are unexpectedly high. The 

commonest mating type is the normal male and carrier female (29.29%). 

 

DISCUSSION:  

From Table-1 the frequency of colorblind males is 0.303 which is a direct measure of this 

affliction since males are hemizygous due to a single X-chromosome. The frequency of 

colorblind females (q²) is 0.288 and the q is 0.536 which is an indirect estimate. Based on the                                                                                                                                                                 

male frequency the expected number of afflicted females is (0.0918 ×292) = 26.80 i.e. 27. 
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Actually the observed number of colorblind females is 84! It is expected that number of affected 

females is much lesser than that of the males but the quantitative agreement shows a very high 

deviation. The maximum likelihood estimate of q is 0.29 and this figure is closer to the male 

estimate and it is obvious because the male ratio is a direct measure of the allele frequency. This 

result indicates that in females, homozygous, carriers and compound heterozygotes must be 

contributing largely in the next generation. Table-1 already shows a high proportion of 

colorblind females (0.288). The same result is reflected in histograms of mating types (Figure-1).  

 

Figure 1: Prediction of mating types using Hardy-Weinberg law 

Mating types of both male and female colorblind and colorblind female –normal male together 

constitute a large proportion than expected. The mating types between 1) normal male-carrier 

female and 2) colorblind male –carrier female together surpass the percentage of normal mating 

type. This result shows that mating types involving the defective gene are more than the normal 

ones. One cannot rule out the possibility of compound heterozygote females in 35.35% normal 

mating as well as colorblind male- normal female mating. Color vision of compound 
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heterozygote females cannot be distinguished from that of the normal vision
 
(Carroll 2006)

 
and 

for that family history investigation and genetic analysis are the only reliable ways. This primary 

investigation of colorblindness emphasizes the need for family history analysis and genetic 

analysis and the use of anamoloscope, flicker photometric electro retinogram for spectral 

sensitivity of the proband and modified Cambridge color tests.  It is very difficult to explain the 

result of unusual high frequency of colorblind females but the possible explanation may lie in the 

theory of evolution. Small colonies of common surnames are everywhere in this area. The 

endogamy is common in India due to intra community marriages within castes. Gene flow 

between communities is restricted in many societies or castes and nearby villages. In such 

circumstances recessive founder or de novo mutation spreads rapidly showing higher frequency 

within a particular community
 
(Bittles and Black, 2010). In the Founder effect relatively rare 

alleles have two possibilities i.e. they are either lost or they disperse throughout the population. 

Thus this may be the reason for high frequency of colorblindness in this population in both the 

sexes. 
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