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Mendel’s Model of Heredity 
    Mendel proposed a simple model. It has become one of the most famous models in the 

history of science, containing simple assumptions and making clear predictions. The model 

has five elements: 

 

1. Parents do not transmit physiological traits directly to their offspring. Rather, they 

transmit discrete information about the traits, what Mendel called “factors.” These factors 

later act in the offspring to produce the trait. In modern terms, we would say that information 

about the alternative forms of characters that an individual expresses is encoded by the 

factors that it receives from its parents. 

 

2. Each individual receives two factors that may code for the same trait or for two 

alternative traits for a character. We now know that there are two factors for each 

character present in each individual because these factors are carried on chromosomes, and 

each adult individual is diploid. When the individual forms gametes (eggs or sperm), they 

contain only one of each kind of chromosome, the gametes are haploid. Therefore, only one 

factor for each character of the adult organism is contained in the gamete. Which of the two 

factors ends up in a particular  gamete is randomly determined. 

 

3. Not all copies of a factor are identical. In modern terms, the alternative forms of a factor, 

leading to alternative forms of a character, are called alleles. When two haploid gametes 

containing exactly the same allele of a factor fuse during fertilization to form a zygote, the 

offspring that develops from that zygote is said to be homozygous; when the two haploid 

gametes contain different alleles, the individual offspring is heterozygous. 

In modern terminology, Mendel’s factors are called genes. We now know that each gene is 

composed of a particular DNA nucleotide sequence  The particular location of a gene on a 

chromosome is referred to as the gene’s locus (plural, loci). 

 

4. The two alleles, one contributed by the male gamete and one by the female, do not 

influence each other in any way. In the cells that develop within the new individual, 

these alleles remain discrete. They neither blend with nor alter each other. (Mendel referred 

to them as “uncontaminated.”) Thus, when the individual matures and produces its own 

gametes, the alleles for each gene segregate randomly into these gametes, as described in 

element 2. 

 

5. The presence of a particular allele does not ensure that the trait encoded by it will be 

expressed in an individual carrying that allele. In heterozygous individuals, only one allele 

(the dominant one) is expressed, while the other (recessive) allele is present but unexpressed. 

To distinguish between the presence of an allele and its expression, modern geneticists refer 

to the totality of alleles that an individual contains as the individual’s genotype and to the 
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physical appearance of that individual as its phenotype. The phenotype of an individual is 

the observable outward manifestation of its genotype, the result of the functioning of the 

enzymes and proteins encoded by the genes it carries. In other words, the genotype is the 

blueprint, and the phenotype is the visible outcome. 

 

     These five elements, taken together, constitute Mendel’s model of the hereditary process. 

Many traits in humans also exhibit dominant or recessive inheritance, similar to 

the traits Mendel studied in peas (table 13.1). 

 

     When Mendel crossed two contrasting varieties, he found all of the 

offspring in the first generation exhibited one (dominant) trait, and none 

exhibited the other (recessive) trait. In the following generation, 25% were 

pure-breeding for the dominant trait, 50% were hybrid for the two traits 

and exhibited the dominant trait, and 25% were pure-breeding for the 

recessive trait. 
  

How Mendel Interpreted His Results 

 
     We will assign the symbol P to the dominant allele, and the symbol p to the recessive 

allele In this system, the genotype of an individual that is truebreeding for the recessive trait 

would be designated pp. Similarly, the genotype of a true-breeding would be designated PP, 

and a heterozygote would be designated Pp (dominant allele first). Using these conventions, 

and denoting a cross between two strains with ×, we can symbolize Mendel’s original cross 

as pp × PP. 

 The F1 Generation refer to first filial ( filius is Latin for “son”).  
     The union of an egg and a sperm from these parents can produce only heterozygous 

Pp offspring in the F1 generation. Because the P allele is dominant, all of these F1 

individuals are expected to have the same dominant trait . The p allele is present in these 
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heterozygous individuals, but it is not phenotypically expressed. This is the basis for the 

latency Mendel saw in recessive traits. 

 

The F2 Generation 

      When F1 individuals are allowed to self-fertilize, the P and p alleles segregate randomly 

during gamete formation. Their subsequent union at fertilization to form F2 individuals is 

also random, not being influenced by which alternative alleles the individual gametes carry. 

What will the F2 individuals look like? The possibilities may be visualized in a simple 

diagram called a Punnett square, clearly predicts that the F2 generation should consist of 3⁄4 

dominant trait and 1⁄4 recessive trait, a phenotypic ratio of 3:1. 

 

 
 

Mendel’s First Law of Heredity: Segregation 

     Mendel’s first law–the law of segregation is also known as law of purity of gametes. The 

law states that the hybrids or heterozygotes of F1 generation have two contrasting 

characters or allelomorphs of dominant and recessive nature. These alleles though remain 

together for long time but do not contaminate or mix with each other and separate or 

segregate at the time of gametogenesis, so that each gamete receives only one allele of a 

character either dominant or recessive. 

The Testcross 

Mendel crossed heterozygous F1 individuals back to the parent homozygous for the 

recessive trait. He predicted that the dominant and recessive traits would appear in a 1:1 ratio 
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Alternative 1: unknown individual homozygous 

dominant (PP). PP × pp: all offspring have purple flowers (Pp) 

 

Alternative 2: unknown individual heterozygous(Pp). 

Pp × pp: 1⁄2 of offspring have white flowers (pp) and 

 1⁄2 have purple flowers (Pp). 

 

    Testcrosses can also be used to determine the genotype of an individual when two genes 

are involved Thus, an F2 individual showing both dominant traits (A_ B_) might have any of 

the following genotypes: AABB, AaBB, AABb, or AaBb. By crossing dominant-appearing 

F2 individuals with homozygous recessive individuals (that is, A_ B_ × aabb). 

 
AABB trait A breeds true            trait B breeds true 

AaBB ________________         trait B breeds true 

AABb trait A breeds true            ________________ 
AaBb ________________          ________________ 

Mendel’s Second Law of Heredity: 

Independent Assortment 
     To formulate the law of dominance and law of 

segregation Mendel considered monohybrid crosses in 

which single pairs of contrasting characters were 

considered at a time. But he tried to find out how 

different characters would behave in relation to each 

other in their inheritance from generation to generation. 

For this purpose Mendel crossed two varieties of pea 

plants which were differing in two pairs of contrasting 

characters. Because such crosses yielded dihybrids and 

at a time two pairs of contrasting characters had been 

considered in them, therefore, these crosses were known 

as dihybrid crosses. 

 

     Mendel’s discovery is often referred to as Mendel’s 

Second Law of Heredity, or the Law of Independent 

Assortment. Genes that assort independently of one 

another, like the seven genes Mendel studied, usually do so because they are located on 

different chromosomes, which segregate independently during the meiotic process of gamete 

formation. A modern restatement of Mendel’s Second Law would be that genes that are 

located on different chromosomes assort independently during meiosis 

(9:3:3:1 phenotypic ratio)) 
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Multihybrid Cross 

      The parents which differ in more than two pairs of contrasting characters then the cross 

between them is known as polyhybrid or multihybrid cross. The F1 hybrids in these cases 

are known as polyhybrids or multihybrids. The law of independent assortment is also 

applicable to these crosses. 

 

Mechanism of Dominance 
 

     The chromosomes are specific in number, shape and size to a particular species. A diploid 

cell has two sets of chromosomes which come from two different parents (male and female) 

via gametes (sperm and ova). The chromosomes of similar size and nature often form pairs 

during meiotic cell division and such identical chromosomes are known as homologous 

chromosomes. Each character of a pair of contrasting characters is represented by an allele. 

(When a gene for a unit character contains two or more alternative forms, they are called 

allelomorphs or alleles. All alleles of a gene are produced due to mutation of a wild gene (or 

normal gene). Thus, homozygous tall pea plant has two identical alleles TT on both gene loci 

of the homologous chromosomes; likewise, homozygous dwarf During the gametogenesis, 

the homologous chromosomes with TT or tt genes are separated and each chromosome with 

T or t gene is passed to the gamete. The gametes of both parents unite during the process of 

fertilization and produce a new individual containing both tall (T) and dwarf (t) characters. 

This new individual of first generation (F1) contains two different genes (i.e., alleles) of a 

contrasting pair of characters, therefore, it is known as heterozygote or hybrid. Because the 

hybrids of F1 have tall stems so the character of tallness (T) is considered as dominant and 

because the character for dwarfness could not express itself in F1generation, therefore, it is 

considered as recessive. 

 

P                         ♂                       ♀ 

           TT                      tt 

 

G                         T                        t 

 

 F1                                   Tt    (100%) Tall 

 

Example// A human disease known as cystic fibrosis is inherited as a recessive trait .A 

normal couples have affected child .what is the ratio of affected and un affected children. 

 

 

 


