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Abstract 

Most of the characteristics found in human beings are controlled by one or more genes. 

There are certain characters of which we know the exact number of genes that are 

involved. The variation shown by a character determined by a single gene is usually easily 

distinguishable as opposed to the variation shown by a character determined by two or 

more genes. There is very little evidence of research done using statistical techniques to 

determine the number of genes controlling human height. As such, the aim of my research 

work is to obtain an approximate estimate of the number of genes involved. 

The basic Hardy-Weinberg equation can be used only when we wish to 

calculate the allelic and genotypic frequencies for a character determined by a single gene 

having two alleles. Therefore it becomes necessary to have a more general equation 

relating allelic frequencies in order to perform calculations when we consider a polygenic 

trait. A generalized Hardy-Weinberg equation for polygenic inheritance too has been 

derived as part of my research work. 
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Chapter 1 

Introduction 

1.1 	Genetics 

The theory of genetics is concerned with the study of the manner in which 

parental characteristics are being passed onto their offspring. Consequences of the 

studies carried out with regard to the mechanism of inheritance have made it 

possible to completely prevent certain diseases and some undesirable characters 

from being passed on genetically from the parents to their offspring in 

reproduction. These studies have also enabled geneticists to produce genetically 

modified plants and animals to gain economic advantage. So we, as humans, would 

generally like to know what characters in what proportions, relative to the 

population concerned, are passed on from one generation to another. The study of 

genetics was originally initiated by Gregor Mendel of Austria. He formulated two 

laws of genetics after carrying out numerous experiments on plants. The two laws 

are as follows. 

Mendel's first law (law of segregation) 

Each organism contains two factors for each trait, and the factors 

segregate during the formation of gametes so that each gamete contains only one 

factor from each pair offactors. When fertilization occurs, the new organism will 

have two factors for each trait, one from each parent. 

Mendel 's second law (law of independent assortment) 

Members of one pair of factors segregate ( assort  ) independently of 

members of another pair offactors. Therefore, all possible combinations offactors 

can occur in the gametes. 
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1.2 	Hardy-Weinberg principle 

A mathematical model to study the allelic frequencies of a gene responsible 

for a particular character was devised by a British mathematician G.H. Hardy and a 

Gernian physician Wilhelm Weinberg. The Hardy-Weinberg principle is as 

follows. 

The frequencies of alleles of a gene in a population will remain the same 

in every succeeding generation as long as the following conditions are satisfied; 

Large population with random mating 

No selection or mutation 

No migration 

Given below are the brief explanations of the conditions of the Hardy-Weinberg 

principle. 

Large population with random mating 

Large population is to ensure that small changes in the allelic 

frequencies will not significantly affect genetic composition of the population from 

one generation to the next. Mating among the individuals of a population is said to 

be random if every individual of the population has an equal chance to reproduce 

with any other individual in the population. 

Random mating among the individuals of a population does not mean 

haphazard mating that is found in many animals and birds. It is the selection of a 

mate for reproduction without regard to any genotype. 
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in other words, the selection of a mate for reproduction should not have any genetic 

basis, for the existence of a population with random mating. 

Consider a random sample of people for a study of the genetic basis of 

their heights. If the height of an individual is not used as a criterion in selecting a 

partner for marriage, then the children of such parents can be considered to have 

come as a result of random mating with respect to height. If the marriages of the 

parents of the individuals in the random sample were not influenced by their 

heights, the random sample can be considered to have come from a population with 

random mating. 

The height of an individual is generally not used as an important 

characteristic in selecting a partner for marriage, although it may be the case in 

certain extreme cases. Race, religion, language and the ethnic group of an 

individual are the most, among many others, widely used criteria in selecting a 

partner for marriage. Therefore, it is a reasonably good assumption to say that the 

height of an individual does not play a vital role in selecting a partner for marriage. 

. No selection or mutation 

No individual should have a greater chance of reproductive success over 

another. Selection is said to take place when the selection of mate for reproduction 

has some genetic basis. We may have a sample of individuals, chosen on the basis 

of a character which is genetically determined, with random mating among the 

individuals. Selection is used in plant and animal breeding. Selection, in general, 

does not exist in human populations. 



Introduction 
	

4 

As the selection of a partner for marriage is not generally affected by the height of 

the partner, we may conveniently assume that a sample of randomly selected 

individuals have come from a population where there is no selection. 

Mutation is a change in the genetic material (DNA). Mutation may occur 

spontaneously due to natural causes or man-made radiation and chemical pollutants 

of the environment. Mutations are very infrequent and hence they alone will not 

alter the allele frequencies in a population radically. As such, mutation can be 

assumed to have no influence on any particular character being studied. 

No migration 

Migration is the movement of individuals into and out of a population. 

Immigration or emigration may alter the genetic composition of the population. 

Migration will have an effect on the allele frequencies only if a comparably large 

number of individuals of a population with different allele frequencies move into 

the receiving population. Movement of individuals, in relatively small numbers, 

into and out of a population will not alter the allele frequencies to a greater extent. 

Effect of migration in the study of a particular character of individuals chosen 

randomly from a population can be assumed to be minimum if all the individuals 

chosen have lived in that population for a major part of their life time. 
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1.3 	Hardy-Weinberg (H-W) equation 

A mathematical equation, involving the allelic frequencies of a gene, was 

developed by G.H. Hardy and W. Weinberg for calculating the genotype 

frequencies when the frequency of one of the alleles of the gene is known. It should 

be noted that the number of alleles involved in the development of the equation has 

been assumed to be two although a gene may have more than two alleles. The 

following are the steps involved in the derivation of the Hardy-Weinberg equation. 

Suppose that a gene has alleles A (dominant) and a (recessive). Let the 

frequencies of the alleles in a given population be as follows. 

A - p (p is the frequency of the allele A) 

a - q ( q is the frequency of the allele a ), where p + q = 1. 

A(p) 	a(q) 

A (p) 	AA (p) 	Aa (pq) 

a (q) 	Aa (pq) 	aa (q2) 
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Using the fact that sum of the frequencies of all the genotypes is one, we get the 

equation, 

p 2  + 2pq + q2 = 1, where p + q = 1. 	 (1.1) 

This is known as the Hardy-Weinberg equation. 

1.4 	Applications of H-W equation 

Example 1 	Tongue-rolling in humans. The ability to roll the tongue is caused by 

a single gene. Presence of the dominant allele is responsible for the ability to roll 

one 's tongue into a "U" shape. Suppose that in a certain population 84% of the 

people can roll their tongues whereas the remaining 16% cannot. Find the 

percentages of the people having dfferent genotypes. 

Solution 

Let R and r denote the dominant and recessive alleles of the genes 

responsible for one 's ability to roll his/her tongue. 

Individuals having the genotypes RR and Rr are tongue rollers and those having 

the genotype rr are non-tongue rollers. 
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It is clear from the information given that 16% of the individuals have the genotype 

rr. 

q2 =O.16=q=O.4 

p0.6sincep+q1 

Now the percentage of individuals having the genotype RR = 100p2% = 36% 

The percentage of individuals having the genotype Rr 	= 100(2pq)% = 48% 

Example 2 ABO blood group in humans are determined by a gene having three 

alleles. The four blood groups are generally known as A, B, AR and 0. Let 11, 1B 

and i be the three alleles of the gene. I' and 1B  are the dominant alleles and i is the 

recessive allele. The possible genotypes are 1A1A 1B18 JAi 1B ,  14JB and ii. The 

following table gives the type of blood group and the genotype associated with it. 

Genotype Blood group 
,All, IAi A 

jBjBjB B 

1A1B AB 

ii 0 

Let the frequencies of P, jB  and i be p, q and r respectively, where p + q + r = 1. If 

the percentage of the individuals having at least two dfferent types of blood group 

are known from the population, then all the allelic and genotypic frequencies can 

be calculated. 


