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Mendelian Genetics and its Extension 

(Principles of inheritance) 
 

Genetics is the study of heredity. It is an ancient discipline. At least 4000 years 

ago, in Sumeria, Egypt and other parts of the world, farmers recognised that they 

could improve their crops and their animals by selective breeding. Their 

knowledge was based on experience and they recognised that many features of 

plants and animals were passed on from generation to generation. Furthermore, 

they were aware that desirable traits - such as size, speed and weight of animals 

could sometimes be combined by controlling mating, and that in plants, crop yield 

and resistance to arid conditions could be combined by cross pollination, The 

ancient breeding programmes were not based on experimental studies because 

nothing was known of genes or any of the principles of heredity. 

 

Birth of Genetics: 

Modern genetics originated with Gregor Mendel's (Fig. 1.1) work. It is based 

on this paper entitled "Experiments in Plant Hybridisation” published in 1866 in 

the Proceedings of the Society of Natural History in Bmo. Mendel carried out 

detailed investigations of inheritance in garden pea. He performed elaborate plant 

hybridisation experiments and kept accurate pedigree records of his results. With 

the data obtained, he was able to formulate the basic principles of inheritance. 

Mendel proposed the concept of hereditary units. According to him equal 

number of these units (factors) inherited from each parent determined the 

observable characters of the offspring. This was the first conceptualisation of what 

is now referred to particulate inheritance. Characteristics themselves are not 

inherited but the particles, units or factors that determine or control the observable 

traits are transmitted from parents to offspring. The appearance of the character in 

the offspring is determined by the particular combination of factors inherited from 

the two parents. This was the beginning of the concept of a gene, which is the 

modern term for the hereditary units or particles originally described by Mendel. 

Mendel's work was not appreciated by the rest of the scientific community 

until 1900, when three botanists Carl Correns in Germany, Hugo de Varies in the 

Netherlands and Erich von Tschermak in Austria, rediscovered his work after each 

had independently reached similar conclusions. They all found Mendel's report 

while scanning the literature for related work and cited it in their own publications. 
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William Bateson, an English scientist, coined the term "genetics" in 1905 for this 

developing science. The term was derived from Greek word which means 'to 

generate". Many consider Bateson as the real founder of genetics as he was the first 

to have Mendel's papers translated into English and the first one to show that 

Mendel's theory was also applicable to animals. 

 

Mendel was born in a small village and was the only son of a peasant family. 

He had all insatiable curiosity about the natural and the physical world and was 

keen interested in the diversity of living beings. His parents could not afford his 

higher education. He joined monastery of St. Thomas, which was at that time in 

Austria and now in Czechoslovakia. His interest in Botany began early in life, as 

farming and the development of new varieties of apples were his family's chief 

occupation. His early interest was further stimulated by his formal education which 

centred round mathematics, physics, botany and zoology. The monastery provided 

him a stimulating environment, as it was a centre of cultural, intellectual and 

religious life, and its members and visitors included many notable scholars and 

scientists of that period. In 1851, he joined the University of Vienna and upon 

completing his course he returned to his teaching responsibilities at Brno. His 

experiments in plant hybridization were carried out in the monastery garden for 

several years. Beginning from 1826 Mendel combined his talent, background and 

interests in a series of experiments with garden peas. His experiments are now 

recognised as classic example of carefully planned and executed scientific 

research. 
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Growth of Genetics: From Mendel to Genetic Engineering 

Genetics has come a long way and at present is a mature and dynamic 

science. The science of genetics was built on the foundation laid by Mendel but is 

owes its present stature to the contributions of a large number of scientists. In fact, 

the history and development of genetics is a subject worthy of study. We will be 

studying about the important contributions of various researchers in different units 

of this course. Nevertheless, a list of salient developments/contributions in the field 

has been compiled in Table 1.1 to give you some idea of their chronology. 
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SOME BASIC GENETIC TERMINOLOGY: 

1. Genes and Alleles: 

The inheritance of any character can be studied only when there are 

two contrasting conditions, such as yellow versus green seed colour (as 

observed by Mendel in peas), normal pigmentation versus absence of 

pigmentation (albinism) in humans and other animals, and brown versus 

black coat colour in guinea pigs. An individual expresses one or the other, 

but not both contrasting conditions at the same time. Genes that govern 

variations of the same characteristic and that occupy corresponding loci 

on homologous chromosomes are termed alleles. 

 

Geneticists use the term allele to emphasise that there are two or more 

alternative forms of a gene that can occur at corresponding specific loci. The 

possible variants of a gene at any given locus are known as alleles, each of which 
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is assigned a single letter (or a group of letters) as its symbol. In the example 

below, we shall consider the trait - height of pea plant. Tall forms are denoted by T 

and the short ones are denoted by t. T and t are alleles of the same gene. Since they 

are present in pairs they are represented as TT, tt or Tt. 

 

2. Homozygous and heterozygous: 

In an individual two identical alleles may exist or a given character 

and, hence, the individual is referred to as Homozygous (e.g. AA and aa). If 

there are two non-identical or different alleles for a given character, the 

individual is referred to as heterozygous (e.g. Aa). 

Let us examine a situation where both the parents’ are homozygous. 

The male is homozygous recessive aa, and female is homozygous dominant 

AA. During meiosis in the male the two 'a' alleles separate from each other 

so that each sperm has only a single 'a' allele. Similarly, in the female parent 

each egg has one 'A' allele. The fertilisation of the 'A' egg by 'a' sperm 

results in heterozygous animal with 'Aa'. 

The form of gene which occurs in an individual in nature is called the 

'wild type' while a 'mutant type' is the one in which the genetic material is 

somewhat altered. The alleles which express themselves in both 

homozygous and heterozygous conditions are known as the dominant 

alleles. For example, TT represents tallness (homozygous). The individuals 

having the alleles TT, and Tt would be tall as T is a dominant allele and it 

can express itself in both homozygous and heterozygous conditions. Some 

alleles express themselves only in homozygous condition and are referred to 

as recessive alleles. In the height characteristic, dwarfness can be seen in 

individuals that have the alleles 'tt', i.e., recessive alleles are expressed in 

homozygous condition only. 
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3. Phenotype and Genotype: 
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MENDEL’S LAWS OF INHERITANCE: 

 

1. Law of Uniformity: 

Mendel’s first law states that when plants with two contrasting 

characters are crossed (mated), the characters do not blend. If any character 

does not express in the first generation, it may reappear without any change 

in subsequent generations. 

 

2. Law of Segregation: 

The second law states that in a heterozygote the dominant and 

recessive factors (genes or alleles) remain together throughout life without 

contaminating or mixing with each other and finally separate or segregate 

from one another so that each gamete receives only one factor either 

dominant or recessive. For explanation, see the following figures. 
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3. Law of Independent Assortment: 

The law of independent assortment or recombination states that the 

members of different pairs of factors (genes) assort independently of each 

other when the gametes are formed. Because of that new combinations (or 

all possible combinations) of characters are produced in the offspring. 
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Back Cross and Test Cross: 

When F1 individuals are crossed with one of the parents from which they are 

obtained, such cross is called back cross. In such back crosses, when F1 is back 

crossed to the parent with dominant phenotype, no recessive individuals are 

derived in the offspring. But when F1 progeny is back crossed with its recessive 

parent, both phenotypes (i.e. dominant and recessive) appear in the progeny. While 

both of these crosses are back crossed, only the cross with the recessive parent is 

called Test Cross. 
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