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Unit I 

 

Mendelian genetics: Mendel’s experimental design, monohybrid, di-

hybrid and tri hybrid crosses, Law of segregation & Principle of 

independent assortment.  
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                                                           INTRODUCTION 

Genetics began with the study of how the characteristics of organisms are passed from parents to 

offspring—that is, how they are inherited. Genetics is rooted in the research of Gregor Mendel, a 

monk who discovered how traits are inherited. The molecular basis of heredity was revealed when 

James Watson and Francis Crick elucidated the structure of DNA. The Human Genome Project is 

currently engaged in the detailed analysis of human DNA. Today, when the word ―genetics‖ is 

mentioned the mind is at once occupied with terms like cloning, PCR, the genome project, and 

genomics. Just a few decades ago, however, the word genetics conjured up a very different set of 

terms including crossing, segregation, Punnett square, and binomial expansion.  

 

Every living things-plant or animal, microbes or human being has a set of characteristic inherited 

from his parents. Since the beginning of recorded history, people have wanted to understand how 

the inheritance is passed from generation to generation 

 

                                                                    HISTORY 

 

Gregor  Johann mendel was an Austrian monk who is also known as FATHER OF GENETICS. 

The life of Gregor Johann Mendel (1822–1884)spanned the middle of the nineteenth century. 

He worked in a monastery of St. Thomas in Brunn, Czech republic. He was a teacher in addition to 

that he was incharge of monastery garden where he conducted several experiment. 

Mendel performed experiments with several species of garden plants, and he even tried some 

experiments with honeybees. His greatest success, however, was with peas. He completed his 

experiments with peas in 1864. In 1865, Mendel presented the results before the local Natural 

History Society 

Unfortunately, this paper remains unknown until 1900, when it was rediscovered by three 

botanists—Hugo de Vries in Holland, Carl Correns in Germany, and Eric von Tschermak-

Seysenegg in Austria. 

 



                  MENDEL’S EXPERIMENTAL ORGANISM, THE GARDEN PEA 

One reason for Mendel‘s success is that he chose his experimental material astutely. 

1. The garden pea, Pisum sativum, is easily grown in experimental gardens or in pots in a 

greenhouse. 

2. They reproduce quickly.  The flowers of this plant are bisexual.  

3. They can reproduce hundred of offspring 

4. They are capable of self-pollinating because the petals of the flower close down 

tightly, preventing pollen grains from entering or leaving. If allowed to self -pollinate 

they will produce offspring identical to themselves 

5. He choose the plant which have seven contrasting character 

 

                   

The reasons for Mendel’s success are as follows: 

1. Mendel studied the inheritance of one character at a time unlike his predecessors who 

considered the organism as a whole. 

2. Lie carried out his experiments upto F2 and F3 generations. 

3. His knowledge in statistics helped him to maintain accurate records of all the experiments of 

findings and analyzed them carefully. 

4 He grew pure lines in separate plots and conducted experiments by crossing two plants from 

pure strains. 

5. The parent plants undergoing crossing belonged to pure lines and had sharply visible contrasting 

characters. 

6. He selected genetically pure plants for his experiments by performing a series of sell crossing 

tests. 

7. All this genetic experiments were conducted with utmost care and meticulous planning. 

 

MONOHYBRID CROSSES: THE PRINCIPLES OF DOMINANCE AND SEGREGATION 

A monohybrid cross involves true-breeding strains that differ in a single trait. To determine 

whether  both parents contribute equally to the phenotype of a particular trait in offspring – a set of 

reciprocal crosses is performed(tall male with dwarf female or dwarf male with tall female and 

vice versa) In Mendelian genetic, offspring  of a monohybrid  cross will exactly  resemble only 

one of the parents. 

 



                                 
 

 Mendel noted that traits that disappear in the F1 reappear in the F2. The F2 has a ratio of 

about three individuals with the phenotype of the F1 to one individual with the 

―reappearing‖ phenotype – 3:1 ratio – 3/4 to 1/4.  Mendel reasoned that information to 

create the trait was present in the F1 in the form of ―factors‖ – now called genes 

 By convention, convention, letters may be used to designate alleles, – with the dominant a 

capital letter (D) – and the recessive in lowercase (d). 

 Individuals with identical alleles are said to be homozygous for that gene. Individuals with 

different alleles are heterozygous  

 When Mendel had conducted experiments for the seven different traits in garden peas  he 

made these conclusions:  

1. Results of reciprocal crosses are always the same. 

 2. The F1 resembled only one of the parents.  

 3. The trait missing in the F1 reappeared in about 1/4 of the F2 individuals.  

 Mendel summarizes of this and other monohybrid crosses by stating two key principles 

that he discovered 

1. The Principle of Dominance: The law of dominance states that whenever the dominant 

allele is present, the dominant allele will express itself. The expression of the recessive 

allele is suppressed in the presence of dominant allele. The recessive allele does not get 

lost. The expression remains masked in the progenies of F1 generation and reappears in 

the next generation 

2. The Principle of Segregation: ―Recessive characters, which are masked in the F1 

from a cross between two true-breeding strains, reappear in a specific proportion in the 

F2.‖  This is because alleles segregate during anaphase I of meiosis – and progeny are 

then produced by random combination of the gametes. 

 

Confirming the Principle of Segregation 

  Mendel observed that plants with the recessive phenotype are all true breeding. Not true 

for the dominant phenotype – When plants with the dominant phenotype are self-crossed 

1. 1/3 are true-breeding, 

2.  2/3 produce progeny with both phenotypes  

 we can determine whether an individual with the dominant phenotype is homozygous or 

heterozygous by self-crossing the individuals 



 A more common way to determine whether an individual with the dominant phenotype is 

homozygous or heterozygous is to perform a testcross – By definition  we must cross the 

individual  with one that is homozygous  recessive 

1. A test cross allows one to determine alleles carried  by the F1 parent:  

2.  because the test cross parent can only contribute  the recessive allele - is ALWAYS 

homozygous  recessive 

3.  The phenotypes of the resulting progeny allow you to determine the genotype of the 

F1 parent.  

                                        
 

           DIHYBRID CROSSES: THE PRINCIPLE OF INDEPENDENT ASSORTMENT 

 Mendel also performed experiments with plants that differed in two traits 

 Mendel conducted a cross between a true breeding Round Yellow plants (RRYY) with true 

breeding Wrinkled Green plant (rryy). Round and Wrinkled are the shapes of seed coat 

whereas Yellow and Green are the colours of the seed coat. 

 Mendel observed the seeds of the F1 plants were all Round and Yellow. This showed 

Round and Yellow were dominant over Wrinkled, Green. 

  In the F2  generation four types of combinations were observed such as Round Yellow, 

Wrinkled Yellow, Round Green and Wrinkled Green.  

 Thus the above types of offspring‘s of F2 generation were produced in the ratio of 9:3:3:1. 

This ratio is called Di-hybrid ratio  

 

                 



The results can be represented as follows: 

 

      
 

 In mendel dihybrid cross experiment Mendel observed round and yellow characters 

are dominant over wrinkled and green so that all the F1offspring‘s are round and 

yellow. In the F2 generation, he noticed an allele (dominant or recessive) of a given 

character freely combines with either one (dominant or recessive) of the alleles of 

another character. Hence, a dominant allele of a character combines, not only with 

the dominant, but also with the recessive allele of another character. 

 Mendel conducted similar experiments with other combinations of traits andin each 

case observed that the genes segregated independently. The results of these 

experiments led him to a third key principle 

 

 3. The Principle of Independent Assortment:  This law states that genes do not influence each 

other with regard to the sorting of alleles into gametes. In the dihybrid cross, allele R (round) of 

seed shape character combines or assorts, not only with the dominant allele Y (yellow) but also 

with the recessive allele y (green) of the seed colour character. Thus, allele R assorts freely with 

either Y or y allele but independent of the allele r (wrinkled shape) and vice versa during 

F2 generation. 

 

Trihybrid Cross: 

    Crosses in which three character are considered. The basic concept is similar with monohybrid 

and dihybrid cross  

 In this each gametes must have one copy of each gene. Random segregation and 

independent assortment still apply. 

 Mendel crossed homozygous tall, round and yellow (TT RRYY) with dwarf, wrinkled 

and green (ttrryy). All the F1 plants were tall round and yellow (TtRrYy). 
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  APPLICATIONS OF MENDEL’S PRINCIPLES 

      

 Mendel‘s principles can be used to predict the outcomes of crosse between different strains 

of organisms. Mendel‘s principles can be applied to study the inheritance of traits in 

humans also. 

 There are three general procedures, two relying on the systematic enumeration of all the 

zygotic genotypes or phenotypes and one relying on mathematical insight. 

1. The punnett square method : For situations involving one or two genes, it is possible 

to write down all the gamete and combine them systematically to generate the array of 

zygotic genotypes. Once these have been obtained, the Principle of Dominance can be 

used to determine the associated phenotypes. This procedure, called the Punnett square 

method after the British geneticist R. C. Punnett, is a straightforward way of predicting 

the outcome of crosses. We have used it to analyze the zygotic output of the cross with 

Mendel‘s yellow, round F1 hybrids—a type of mating commonly called an intercross. 

However, in more complicated situations, like those involving more than two genes, 

the Punnett square method is unwieldy 

 

2. The forked-line method 

Another procedure for predicting the outcome of a cross involving two or more genes 

is the forked-line method. However, instead of enumerating the progeny in a square by 

combining the gametes systematically, we tally them in a diagram of branching lines. 

                     
 

3. THE PROBABILITY METHOD 

An alternative method to the Punnett square and forked-line methods—and a quicker 

one—is based on the principle of probability. Mendelian segregation is like a coin 

toss; when a heterozygote produces gametes, half contain one allele and half contain 

the other. The probability that a particular gamete contains the dominant allele is 

therefore 1/2, and the probability that it contains the recessive allele is also 1/2. These 

probabilities are the frequencies of the two types of gametes produced by the 

heterozygote. 

 

CONCLUSIONS 

 Mendel law of segregation and independent assortment lead us a step closer to understand 

the relationship between parental and their offspring. 



 If two allele are separate from each other they will interchange independently 

 Mendel law set the basic terminology in the field of genetics 
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ALLELIC GENE INTERACTION 

Mendel and his coworkers suggested that a character was governed by a single gene. But, it was 

later discovered that many characters are judged by a gene. The phenomena of 2 or more genes 

affecting the expression of each in various firms are known as Gene Interaction. Expression of 

character is produced by interaction between alleles of a single gene. The term gene interaction has 

also been used with reference to direct physical interactions between gene products, most 

usually protein–protein interactions, though protein–RNA, protein–DNA, RNA–RNA, and RNA–

DNA interactions may also be encountered. These physical interactions often involve high-

affinity, stable binding, which can be easily detected by biochemical methods, but may 

http://www.biologydiscussion.com/genetics/mendels-principles-of-genetics/5221
https://www.coursehero.com/file/p5dbnob/Conclusion-Mendels-law-of-segregation-and-law-of-independent-assortment-lead-us/
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alternatively involve transient phenomena, such as protein modification or cleavage. Weak or 

transient interactions may still be biologically important, and can often only be detected by genetic 

methods. Genetic approaches, however, cannot usually distinguish between direct and indirect 

interactions. It may be that the genetic analysis of two genes suggests strongly that their products 

interact, but this interaction may in fact be mediated by some additional factor or factors, so that 

the two products never come into actual physical contact. The genetic data can nevertheless 

provide evidence for involvement in the same pathway or process. The alleles of the same gene 

interacts in such a way to produce a new character is known as allelic interactions. 

INCOMPLETE DOMINANCE 

Scientists have noted the blending of traits back into ancient times, although until Mendel, no one 

used the words "incomplete dominance." In fact, Genetics was not a scientific discipline until the 

1800s when Viennese scientist and Gregor Mendel (1822–1884) began his studies. The law of 

dominance is not always found to be correct as there are many examples where the complete 

dominance is absent. In such cases some traits of F1 phenotype is intermediate between those of 

parental traits.  

In incomplete dominance the genes of an allelomorphic pair are not expressed as dominant an 

recessive but express themselves partially when present together in the hybrid. As a result F1 

hybrids show characters intermediate to the effect of two genes of the parents.  It occurs when 

neither of two alleles is fully dominant nor recessive towards each other. The alleles are both 

expressed and the phenotype, or physical trait, is a mixture of the two alleles. In less technical 

terms, this means that the two possible traits are blended together.  

It has being noted, that most observable traits in any living thing are caused by more than one 

gene. Incomplete dominance is specific to traits that occur on just one gene. However, there are 

many such traits, and incomplete dominance occurs in every sort of organism that has genes, 

including plants, animals and even human beings.  

Examples of incomplete dominance:  

 Incomplete Dominance in Animals  

1. Chickens with blue feathers are an example of incomplete dominance. When a black 

and a white chicken reproduce and neither allele is completely dominant, the result is a 

blue-feathered bird.  



2. When a long-furred Angora rabbit and a short-furred Rex rabbit reproduce, the result 

can be a rabbit with fur longer than a Rex, but shorter than an Angora. That's a classic 

example of incomplete dominance producing a trait 1different from either of the 

parents.  

 Incomplete Dominance in Plants - The science of genetics began with plants. People 

have been interbreeding plants for particular traits since we first started farming more than 

11,000 years ago. Gregor Mendel, one of the founders of genetic science, began his studies 

by recording the ways he planted his garden.   

1. Four-o-clocks are flowering plants that get their funny name from their inclination to 

bloom in the late afternoon. Wild four-o-clocks tend to have red flowers, while "pure" 

four-o-clocks with no coloration genes are white. Mixing the two results in pink flowers, 

just like Dr. Kolreuter's carnations. Those pink flowers are a result of incomplete 

dominance. However, mixing the pink flowers results in 1⁄4 red, 1⁄4 white and 1⁄2 pink. 

That 1:2:1 ratio - a quarter like one parent, a quarter like the other, and the remaining half 

different from either - is common in cases of incomplete dominance.  

2. The fruit color of eggplants is another example of incomplete dominance. Crossing deep 

purple eggplants with white eggplants results in eggplants of a light violet color.  

 Incomplete Dominance in Humans - Incomplete dominance is rare in humans; we're 

genetically complex and most of our traits come from multiple genes. However, there are a 

few examples. Incomplete dominance is just part of what makes our species so complicated 

and iinteresting.  

1. The disease familial hypercholesterolemia (FH) is an example of incomplete 

dominance. One allele causes liver cells to be generated without cholesterol 

receptors, while another causes them to be generated normally. The incomplete 

dominance causes the generation of cells that do not have enough receptors to 

remove all dangerous cholesterol from the bloodstream.  

2. When one parent with straight hair and one with curly hair have a child with wavy 

hair, that's an example of incomplete dominance.  

3. Eye color is often cited as an example of incomplete dominance. In fact, it's a little 

more complicated than that, but hazel eyes are partially caused by incomplete 

dominance of multiple genes related to green and brown eye color. 

                                                    

 



   CO-DOMINANCE 

Co-dominance is a form of inheritance wherein the alleles of a gene pair in a heterozygote are 

fully expressed. As a result, the phenotype of the offspring is a combination of the phenotype of 

the parents. Thus, the trait is neither dominant nor recessive. Co-dominance in humans is 

exemplified by individuals with type AB blood. A person inheriting the alleles I
A 

and I
B 

will have a 

type AB blood because I
A 

and I
B 

are co-dominant and therefore will be expressed together. Other 

co-dominance examples are the white-spotted red flower in plants and the black-and-white- coated 

mammals. The best example of co-dominance is ABO blood group. ABO blood grouping is 

controlled by gene I which has three alleles A, B, and O and show co-dominance. An O allele is 

recessive to both A and B. The A and B alleles are co-dominant with each other. When a person 

has both A and B, they have type AB blood. In co-dominance, it does not matter whether the 

alleles in the homologous chromosomes are dominant or recessive. If the homologous 

chromosome consists of two alleles that can produce proteins, then both will be produced and 

forms a different phenotype or characteristics to that of a homozygote.  

                                               

                                                FIG- Example of co-dominance. 

Co-dominance vs polygenic inheritance –Co-dominance is a different concept from polygenic 

inheritance. While both of them do not conform to the Mendelian inheritance, they differ in a way 

that in polygenic inheritance multiple genes are involved to produce cumulative effects. In co-

dominance, different alleles of a single gene affect the resulting trait. Examples of polygenic traits 

in humans are height, weight, skin color, and eye color. 

                                                       SEMI-DOMINANCE 

When the heterozygote‘s phenotype is midway between the phenotypes of two homozygotes, is 

known as semi-dominant. The partially dominant allele is sometimes referred as the semi-



dominant. Semi-dominant is similar to the co-dominance but does not show equal expression of 

both alleles. 

                                                               PLEIOTRIOPY 

The influence of one gene on two or more unrelated phenotypic traits, such a gene exhibiting 

multiple phenotypic expressions is called a pleiotropic gene. Mutation in a pleiotropic gene may 

have an effect on several traits simultaneously, due to the gene coding for a product used by a 

myriad of cells or different targets that have the same signaling function. Pleiotropic gene action 

can limit the rate of multivariate evolution when natural selection, sexual selection or artificial 

selections on one trait favors one allele, while selection on other traits favors a different allele. 

Some gene evolution is harmful to an organism. Genetic correlations and responses to selection 

most often exemplify pleiotropy 

Pleiotropy can arise from several distinct but potentially overlapping mechanisms, such as 

gene pleiotropy, developmental pleiotropy, and selectional pleiotropy. Gene pleiotropy occurs 

when a gene product interacts with multiple other proteins or catalyzes multiple reactions. 

Developmental pleiotropy occurs when mutations have multiple effects on the resulting 

phenotype.  

When the phenylalanine levels are affected the disease, it causes a disease known as 

phenylketonuria, which is an inherited pleiotropic disease. It is caused due to the defect in single 

gene present on chromosome 12 which codes for the phenylalanine hydroxylase. Phenylalanine is 

an essential amino acid obtained from food. Other examples of the pleiotropy are albinism, sickle 

cell anemia, autism, etc.  

Pleitropy not only affects humans but also its affect is seen in the animals as well like, chicken, 

mice, etc. 

                 

                                               Fig- A classic representation of pleiotropy. 



                                                           MULTIPLE ALLELES 

The word allele is a general term to denote the alternative forms of a gene or contrasting gene pair 

that denote the alternative form of a gene is called allele. These alleles were previously considered 

by Bateson as hypothetical partner in Mendelian segregation. 

In Mendelian inheritance a given locus of chromosome was occupied by 2 kinds of genes, i.e., a 

normal gene (for round seed shape) and other its mutant recessive gene (wrinkled seed shape). But 

it may be possible that normal gene may show still many mutations in pea besides the one for 

wrinkledness. Here the locus will be occupied by normal allele and its two or more mutant genes. 

Thus, three or more kinds of genes occupying the same locus in individual chromosome are 

referred to as multiple alleles. In short many alleles of a single gene are called multiple alleles. The 

concept of multiple alleles is described under the term ―multiple allelism‖. 

Dawson and Whitehouse in England proposed the term panallele for all the gene mutations at a 

given locus in a chromosome. These differ from the multiple factor in one respect that multiple 

factors occupy different loci while alleles occupy same locus. 

Characteristics of Multiple Alleles: 

1. The study of multiple alleles may be done in population. 

2. Multiple alleles are situated on homologous chromosomes at the same locus. 

3. There is no crossing over between the members of multiple alleles. Crossing over takes place 

between two different genes only (inter-generic recombination) and does not occur within a gene 

(intragenic recombination). 

4. Multiple alleles influence one or the same character only. 

5. Multiple alleles never show complementation with each other. By complementation test the 

allelic and non-allelic genes may be differentiated well. The production of wild type phenotype in 

a trans-heterozygote for 2 mutant alleles is known as complementation test. 

6. The wild type (normal) allele is nearly always dominant while the other mutant alleles in the 

series may show dominance or there may be an intermediate phenotypic effect. 

7. When any two of the multiple alleles are crossed, the phenotype is of a mutant type and not the 

wild type. 



8. Further, F2 generations from such crosses show typical monohybrid ratio for the concerned 

character. 

Wings of Drosophila: 

In Drosophila wings are normally long. There occurred two mutations at the same locus in 

different flies, one causing vestigial (reduced) wings and other mutation causing antlered (less 

developed) wings. Both vestigial and antlered are alleles of the same normal gene and also of each 

other and are recessive to the normal gene. 

Suppose vestigial is represented by the symbol ‗vg‘ and antlered wing by ‗vg
a
‗. The normal allele 

is represented by the symbol +. 

Three races of Drosophila:-  

 Long ++, (+/+) 

 Vestigial vg, vg (vg/ vg) 

 Antelered vga, vga  (vga/ vga) 

A cross between a long winged normal fly and another having vestigial wings or antlered wings is 

represented below: 

                         

                             FIG- Inheritance presentation of multiple alleles in Drosophila  

When a fly with vestigial wing is crossed with another fly having antlered wings, the F1 hybrids 

are intermediate in wing length showing that none of the mutated gene is dominant over the other. 

This hybrid is some times said as the vestigial antlered compound and contains two mutated genes 

at the same locus. They show Mendelian segregation and recombination. 



 

FIG- cross representation between a vestigial and an antlered winged fly 

Besides the vestigial and antlered wing described above there are several other mutations 

occurring at the same locus and resulting in nicked wings, strap wings or no wings etc. These are 

all multiple alleles.                                                   

PSEUDO-ALLELES 

Pseudo-allelism is a state in which two genes with similar functions are located so close to one 

another on a chromosome that they are genetically linked. This means that the two genes (pseudo-

alleles) are nearly always inherited together. Since the two genes have related functions, they may 

appear to act as a single gene. In rare cases, the two linked pseudo-alleles can be separated, or 

recombined. One hypothesis is that pseudo-alleles are formed as a result of gene duplication 

events, and the duplicated genes can undergo gene evolution to develop new functions. 

Characteristic of pseudoalleles: 

These are closely linked allele within which crossing over occur. 

They affect the same character. 

Example: 

Red eye colour of Drosophila has different mutants like white and apricot. They affect 

pigmentation i.e., affect the same character. So, they are allelic. They can undergo recombination, 

i.e., they are nonallelic. 

                                          ESSENTIAL AND LETHAL GENES 

Essential genes are those genes of an organism that are thought to be critical for its survival. 

However, being essential is highly dependent on the circumstances in which an organism lives. 

For instance, a gene required to digest starch is only essential if starch is the only source of energy. 

Recently, systematic attempts have been made to identify those genes that are absolutely required 

to maintain life, provided that all nutrients are available.
 
Such experiments have led to the 

conclusion that the absolutely required number of genes for bacteria is on the order of about 250–

300. Hence, the vast majority of genes are not essential and many can be deleted without 

consequences, at least under most circumstances. Essential genes encode proteins to maintain a 



central metabolism, replicate DNA, translate genes into proteins, maintain a basic cellular 

structure, and mediate transport processes into and out of the cell. Most genes are not essential but 

convey selective advantages and increased fitness. Many genes are essential only under certain 

circumstances. For instance, if the amino acid lysine is supplied to a cell and gene that is required 

to make lysine is non-essential. However, when there is no lysine supplied, genes encoding 

enzymes for lysine biosynthesis become essential, as no protein synthesis is possible without 

lysine. The deletion of a gene may result in death or in a block of cell division. While the latter 

case may implicate "survival" for some time, without cell division the cell may still die eventually. 

Similarly, instead of blocked cell division a cell may have reduced growth or metabolism ranging 

from nearly undetectable to almost normal. Thus, there is a gradient from "essential" to completely 

non-essential, again depending on the condition. Some authors have thus distinguished between 

genes "essential for survival" and "essential for fitness" 

                          

                                 Fig- Picture demonstrating the essential genes 

                                                         LETHAL GENES 

Lethal alleles, as the name means they are death causing so, alleles that cause the death of the 

organism that carries them. They are usually a result of mutations in genes that are essential for 

growth or development.  Lethal alleles may be recessive, dominant, or conditional depending on 

the gene or genes involved. Lethal alleles can cause death of an organism prenatally or any time 

after birth, though they commonly manifest early in development. Lethal alleles were first 

discovered by Lucien Cuénot in 1905 while studying the inheritance of coat color in mice. 

https://en.wikipedia.org/wiki/Lysine


 

                           Fig:- Picture representing the example of working of lethal alleles 

Types of lethal allele 

There are basically three types of lethal genes present depending on the gene or genes involved. 

They are: 

 Recessive lethal- A pair of identical alleles that are both present in an organism that 

ultimately results in death of that organism are referred to as recessive lethal alleles. 

Though recessive lethals may code for dominant or recessive traits, they are only fatal in 

the homozygous condition. Heterozygotes will sometimes display a form of diseased 

phenotype.  One mutant lethal allele can be tolerated, but having two results in death. In 

the case of homozygous achondroplasia, death almost invariably occurs before birth or in 

the perinatal period.  

 Dominant lethal- When only one copy of allele is present in an organism is fatal, is known 

as dominant lethal alleles. These alleles are not commonly found in populations because 

they usually result in the death of an organism before it can transmit its lethal allele on to 

its offspring.  An example shown in humans of a dominant lethal allele is Huntington's 

disease, a rare neurodegenerative disorder that ultimately results in death. A person 

exhibits Huntington's disease when they carry a single copy of a repeat-expanded 

Huntington allele on chromosome 4. 

 Conditional lethal- Alleles that will only be fatal in response to some environmental 

factor are referred to as conditional lethals. One example of a conditional lethal is favism, a 

sex-linked inherited condition that causes the carrier to develop hemolytic anemia when 

they eat fava beans. 

                                                                   PENETRANCE 

Penetrance in genetics is the proportion of individuals carrying a particular gene variant (allele or 

genotype) that also possess an associated trait (phenotype). If penetrance of a disease allele is 

100%, then all individuals carrying that allele will have the associated disease. Penetrance only 

considers whether individuals express the trait or not. This differs from expressivity, which 

characterizes qualitatively or quantitatively the extent of phenotypic variation given a particular 



genotype. Penetrance is age related and is affected by environmental and behavioral factors such 

as diet and smoking. It is also modified by other genes and epigenetic regulation. Penetrance refers 

to the probability of a gene or trait being expressed. In some cases, despite the presence of a 

dominant allele, a phenotype may not be present. One example of this is polydactyly in humans 

(extra fingers and/or toes).  

 A dominant allele produces polydactyly in humans but not all humans with the allele 

display the extra digits.  

 ―Complete‖ penetrance means the gene or genes for a trait are expressed in all the 

population who have the genes. 

  ―Incomplete‖ or ‗reduced‘ penetrance means the genetic trait is expressed in only part of 

the population. The penetrance of expression may also change in different age groups of a 

population. It probably results from a combination of genetic, environmental, and lifestyle 

factors, many of which are unknown. This phenomenon can make it challenging for 

genetics professionals to interpret a person‘s family medical history and predict the risk of 

passing a genetic condition to future generations. 

EXPRESSIVITY 

Expressivity refers to the influence of an expressed gene in individuals. A variable expressivity 

pertains to the consistency of the gene‘s influence on the individual. It occurs when a phenotype is 

expressed but to a different degree among individuals with the same genotype. For example, some 

individuals suffering from Marfan disease have long fingers and toes. Others would have a full 

blown disease with the dislocation of the lens and dissecting aneurysm of the aorta.  

It refers to variation in phenotypic expression when an allele is penetrant. Back to the polydactyly 

example, an extra digit may occur on one or more appendages. The digit can be full size or just a 

stub. Hence, this allele has reduced penetrance as well as variable expressivity. Variable 

expressivity refers to the range of signs and symptoms that can occur in different people with the 

same genetic condition. Variable expressivity is probably caused by a combination of genetic, 

environmental, and lifestyle factors, most of which have not been identified. If a genetic condition 

has highly variable signs and symptoms, it may be challenging to diagnose.  

Three common syndromes that involved phenotypic variability due to expressivity include: 

Marfan syndrome, Van der Woude Syndrome, and Neurofibromatosis. The characteristics of 

Marfan syndrome widely vary among individuals. The syndrome affects connective tissue in the 

body and has a spectrum of symptoms ranging from mild bone and joint involvement to severe 

neonatal forms and cardiovascular disease. This diversity in symptoms is a result of variable 

expressivity of the FBN1 gene found on chromosome 15. The gene product is involved in the 

proper assembly of microfibrils. Van der Woude syndrome is a condition that affects the 

development of the face, specifically a cleft lip (see figure 2), cleft palate or both.  Carriers of the 

mutation can also have pits near the centre of the lower lip which may appear to be wet due to the 



presence of salivary glands. The resulting phenotypes expressed varies significantly among 

individuals. This variation can range so broadly that a study published by the Department of 

Orthodontics at the University of Athens showed that some individuals were unaware that they 

possessed the genotype for this condition until they were tested. Neurofibromatosis (NF1),also 

known as Von Recklinghausen disease, is a genetic disorder that is caused by a mutation in the 

neurofibromin gene NF1 on chromosome 17. A loss of function mutation in the tumor suppressor 

gene can cause tumors on the nerves called neurofibromas.  These appear as small bumps under 

the skin. It is stipulated that the phenotypic variation is a result of unlinked genetic modifiers.  

 CONCLUSIONS 

Expression of character is produced by interaction between alleles of a single gene. The term gene 

interaction has also been used with reference to direct physical interactions between gene products, 

most usually protein–protein interactions, though protein–RNA, protein–DNA, RNA–RNA, and 

RNA–DNA interactions may also be encountered. It is of many types. The presence of these 

changes the normal phenotypic effect ratio i.e. 9:3:3:1. The alleles of the same gene interacts in 

such a way to produce a new character is known as allelic intertactions. There are many types of 

allelic interactions. They are used to study genetic relations, evolution patterns, molecular history, 

etc. 
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                                NON-ALLELIC GENE INTERACTION 

The genes located on same or different chromosomes interact with each other for their expression 

is known as non-allelic gene interactions. Alleles of two or more independent genes interact to 

produce a phenotypic expression different from normal expression. 

In this type of interaction 2 or more different alleles of different genes come together to exert a 

phenotypic expression.. Non-allelic gene is alleles at different position of chromosome loci but can 

affect one gene over the other in different way of interaction. 

Different human characters are determined not only based on the allelic gene but also with the 

effect to non-allelic genes. The pigment gene is an allelic gene for itself having two alleles at a 

locus of chromosome. But this pigment gene character can affect color appearance which is found 

at different locus. This effect is due to non-allelic interaction. The interactions are listed below, as 

inter and intra allelic are of this type. 

 Inter-allelic 

 Intra-allelic 

Inter-allelic 

 Without modification of normal F2 ratio 

 With modification of normal F2 ratio 

Such kinds of interactions modify the normal F2 ratio (9:3:3:1).  

Gene Interaction F2 Ratio Test Cross Ratio 

Complementary Gene Interaction  9:7 1:3 

Supplementary Gene Interaction  9:3:4 1:1:2 

Epistasis  12:3:1 2:1:1 

Duplicate Factor  15:1 3:1 

Inhibitory Factor  13:3 1:3 

Polymerism or Additive Factor  9:6:1 1:2:1 

Intra-allelic- Lethal Gene 

                                                     

 

http://theagricos.com/genetics/gene-interactions/without-modification-of-normal-f2-ratio/
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http://theagricos.com/genetics/gene-interactions/polymerism-or-additive-factor/
http://theagricos.com/genetics/gene/lethal-genes/


 COMPLEMENTARY GENES 

If both gene loci have homozygous alleles and both of them produces identical phenotypes, the 

interaction is said to be as complementary gene interaction. Two non-allelic genes produce the new 

phenotype when present together but fail to do so independently then it is called complementary gene. 

The complementary gene is a interaction of two dominant non inter-allelic gene in which each gene 

have its own effect but when come together to interact, a new trait is developed and the Mendelian 

ratio 9:3:3:1 is changed to 9:7 due to complementation of both genes. 

In a sweet pea, presence of genes CC, cc, PP, pp in homozygous condition produces no color because 

expression of chromo gene does not occur in homozygous condition while expression of chromogene 

occurs when these two genes are present in homozygous conditions. 

                                     

                                                              DUPLICATE GENES 

When dominant allele of both gene loci produces the same phenotype without any cumulative 

effect, is known as duplicate gene. Duplicate genes or factors are two or more independent genes 

present on different chromosomes which determine the same or nearly same phenotype so that 

either of them can produce the same character.  

Thus, duplicate genes accumulate mutations faster than a functional single- copy gene, over 

generations of organisms, and it is possible for one of the two copies to develop a new and 

different function. For example, wheat is hexaploid (a kind of polyploid), meaning that it has six 

copies of its genome.  

How Do Genes Get Duplicated?  

Gene duplication can be DNA- or RNA-based. Gene duplication that is DNA-based happens 

during any process in which DNA is replicated. For this lesson, we will focus on DNA replication 

during meiosis (formation of egg and sperm cells). When a gene is duplicated in the genome of an 

egg or sperm cell, the organism's offspring will inherit the duplicated gene. We will then discuss 



RNA-based gene duplication, which happens when an mRNA is turned back into DNA and then 

reinserted into the genome.  

It is mostly seen in Shephard‘s purse plant seed capsule shape. The F2 generation shows 15:1 

instead of 9:3:3:1.                                         

Fig- In Shephard‘s purse plant seed capsule occurs in two shapes: triangular and ovoid shapes. 

Ovoid shape occurs when both the genes are present in homozygous recessive condition. 

                                                               INHIBITORY GENES 

A gene which inhibits the expression of an active allele situated at different locus is called as 

inhibitory gene. Thus, in inhibitory gene action one dominant inhibitory gene prevents the 

expression of another dominant gene. For inhibitory genes (suppressor genes): A suppressor is an 

allele that reverses the effect of a mutation of another gene, resulting in the normal (wild-type) 

phenotype.  

When a dominant allele of one gene locus (B) in homozygous BB and heterozygous Bb condition 

produces the same phenotype, then the F2 ratio becomes 13:3. Homozygous recessive (bb) 

condition, produced different phenotype.  

 

Fig- Homozygous recessive (bb) condition inhibits phenotypic expression of other genes 



                                                       EPISTASIS 

The phenomena where the effect of one gene depends on the presence of one or more gene, is 

known as epistasis. The phenotypic effect of one gene is masked by another gene. The gene which 

masks the effect of another gene is known as epistatic gene. The epistatic genes can be dominant 

or recessive in their effects and the gene whose effect is masked by the epistatic gene is known as 

hypostatic gene. By the definition, confusion arises between the dominance and epistasis but 

dominance involves intra-allelic gene interaction and one allele hides the effect of other allele at 

the same gene pair, whereas in epistasis it involves inter-allelic gene interaction i.e. one gene hides 

the effect of other gene at other gene loci. For the study of linkage association analysis and QTL 

mapping, epistasis plays an important role in the field of the statistical genetics 
(E1)

. Epistatic 

mutations therefore have different effects on their own than when they occur together. Originally, 

the term epistasis specifically meant that the effect of a gene variant is masked by that of a 

different gene. Epistasis was originally a concept from genetics but is now used 

in biochemistry, computational biology and evolutionary biology. Epistasis has a great influence 

on the shape of evolutionary landscapes which leads to profound consequences for evolution and 

for the evolvability of phenotypic traits traits. The study of epistasis is of great importance in 

statistical genetics in fields such as linkage and association analysis and QTL mapping
(E1)

.  

                                            

                                                FIG- epistasis in homologous chromosome 

                                                          TYPES OF EPISTASIS 

 Dominant Epistasis: When a dominant allele hides the effect of allele of another gene and 

expresses and itself phenotypically, is known as the dominant epistasis. The hypostatic 

allele will only get expressed when the gene locus contains two recessive alleles. the 

expression of one dominant or recessive allele is masked by another dominant gene. This is 

also referred to as simple epistasis.  

An example of dominant epistasis is found for fruit colour in summer squash. There are 

three types of fruit colours in this cucumber, viz., white, yellow and green. White colour is 



controlled by dominant gene W and yellow colour by dominant gene G. White is dominant 

over both yellow and green. The green fruits are produced in recessive condition (wwgg). 

A cross between plants having white and yellow fruits produced F1 with white fruits. Inter-

mating of F1 plants produced plants with white, yellow and green coloured fruits in F2 in 

12:3:1 ratio. 

                  

FIG- The figure explains the dominant epistasis for fruit colour in summer squash. The normal   

dihybrid modified to12:3:1 in F2 generation.  

Here W is dominant to w and epistatic to alleles G and g. Hence it will mask the expression of G/g 

alleles. Hence in F2, plants with W-G-(9/16) and W-gg (3/16) genotypes will produce white fruits; 

plants with wwG-(3/16) will produce yellow fruits and those with wwgg (1/16) genotype will 

produce green fruits. Thus the normal dihybrid ratio 9:3:3:1 is modified to 12:3: 1 ratio in 

F2 generation. Similar type of gene interaction has been reported for skin color in mice and seed 

coat color in barley. 

 Recessive Epistasis- It is also known as Supplementary interactions. The recessive allele 

of one gene locus hides the effect of another gene locus and expresses itself 

phenotypically. When recessive alleles at one locus mask the expression of both (dominant 

and recessive) alleles at another locus, it is known as recessive epistasis.  

A good example of such gene interaction is found for grain colour in maize. There are 

three colours of grain in maize, viz., purple, red and white. The purple colour develops in 

the presence of two dominant genes (R and P), red colour in the presence of a dominant 

gene R, and white in homozygous recessive condition (rrpp). A cross between purple 

(RRPP) and white (rrpp) grain colour strains of maize produced plants with purple colour 

in F1. Inter-mating of these F1 plants produced progeny with purple, red and white grains in 

F2 in the ratio of 9:3:4. 



                      

Fig:- Recessive epistasis for grain colour in maize. The normal dihybrid segregation ratio 9:3:3:1 

is modified to 9:3:4 in F2 generation. 

Here allele r is recessive to R, but epistatic to alleles P and p. In F2, all plants with R-P-(9/16) will 

have purple grains and those with R-pp genotypes (3/16) have red grain color. The epistatic allele r 

in homozygous condition will produce plants with white grains from rrP-(3/16) and rrpp (1/16) 

genotypes. Thus, the normal segregation ratio of 9:3:3:1 is modified to 9:3:4 in F2 generation. 

Such type of gene interaction is also found for coat color in mice, bulb color in onion and for 

certain characters in many other organisms. 

CONCLUSIONS 

The non-allelic interaction means when alleles of two or more independent genes interact to 

produce a phenotypic expression different from normal expression. 

In this type of interaction 2 or more different alleles of different genes come together to exert a 

phenotypic expression. Non-allelic gene is alleles at different position of chromosome loci but can 

affect one gene over the other in different way of interaction. 

It is of 2 types:- inter-allelic and intra allelic interactions. It has many types. Its presence can affect 

the normal phenotypic ratio i.e. 9:3:3:1.  

The phenomena where the effect of one gene depends on the presence of one or more gene, is 

known as epistasis. The phenotypic effect of one gene is masked by another gene. The gene which 

masks the effect of another gene is known as epistatic gene. The epistatic genes can be dominant 

or recessive in their effects and the gene whose effect is masked by the epistatic gene is known as 

hypostatic gene. 

It is basically of 6 types but only dominant and recessive type of epistasis has been discussed. 
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 CONCEPT OF DOMINANCE AND RECESSIVNESS 

G.J. Mendel was a German priest who worked on the Pisum sativa, commonly known as garden 

pea and laid down the Basic Principles of Genetics and is therefore regarded as the ―Father of 

Genetics.‖ He was successful in his experiment as he chose an accurate experiment material for his 

experiment. He studied 7 different contrasting traits of the pea plant Mendel obtained many 

different true-breeding varieties of peas. Each distinguished by a particular characteristic. With the 

use of the Monohybrid and dihybrid cross, Mendel gave laws of inheritance, which demonstrated 

the basic fundamentals of the inheritance of genes. Mendel‘s experiments established that genes 

can exist in alternate forms. For each of the seven traits that he studied—seed color, seed texture, 

plant height, flower color, flower position, pod shape, and pod color—Mendel identified two 

alleles, one dominant, the other recessive. This discovery suggested a simple functional dichotomy 

between alleles, as if one allele did nothing and the other did everything to determine the 

phenotype. Each trait that Mendel studied seemed to be controlled by a heritable factor that existed 

in two forms, one dominant, other recessive. These factors are now called genes, a word coined by 

the Danish plant breeder Wilhelm Johannsen in 1909; their dominant and recessive forms are 

http://www.wikipedia.org/
http://www.britannica.com/
http://www.researchgate.com/


called alleles—from the Greek word meaning ―of one another.‖ Alleles are alternate forms of a 

gene. However, researches in the early twentieth century demonstrated this to be an 

oversimplification. Genes can exist in more than two allelic states, and each allele can have a 

different effect on the phenotype.  

Dominance- Dominance is the phenomena where one gene expresses itself by suppressing the 

expression of another gene, i.e. the dominant gene expresses its phenotypic characters in the 

progeny. It can be homozygous dominant or heterozygous dominant. Homozygous is a word that 

refers to a particular gene that has identical alleles on both homologous chromosomes. It is 

referred to by two capital letters (XX) for a dominant trait, and two lowercase letters (xx) for a 

recessive trait, whereas if two alleles are different from one another, they are known as 

heterozygous. It is represented as Xx. 

Recessiveness- When a gene is not able to express itself due to the presence of the dominant gene, 

this phenomena is termed as the recessiveness. Recessive characters gets expressed only when 

they are present in the homozygous condition. 

Mendel explained the concept of dominance and recessiveness in his experiment and in his Law of 

Inheritance, i.e. Law of Dominance and Law of Segregation. In a heterozygote, one allele may 

conceal the presence of another and two different alleles segregate from each other during the 

formation of gametes respectively. 

With the help of a monohybrid cross the dominance and recessiveness can be understood 

                               

FIG- the monohybrid here shows the inheritance of the alleles. The F1 generation shows 3 tall 

stem plants (1 homozygous TT and 2 heterozygous Tt) and 1 homozygous dwarf stem plant (tt). 

Tall is the dominant character and the dwarf is recessive character. 

 



VERIFICATION OF SEGREGATES BY TEST CROSS AND BACK CROSS 

The genotype that an offspring has for each of its genes is determined by the alleles inherited from 

its parents. The combination of alleles is a result of the maternal and paternal chromosomes 

contributed from each gamete at fertilization of that offspring. During meiosis in 

gametes, homologous chromosome experience genetic recombination and segregate randomly into 

haploid daughter cells, each with a unique combination of maternally and paternally coded 

genes. Dominant alleles will override the expression of recessive alleles. Test crosses are used to 

test an individual's genotype by crossing it with an individual of a known genotype. Individuals 

that show the recessive phenotype are known to have a homozygous recessive genotype. 

Individuals that show the dominant phenotype, however, may either be homozygous dominant or 

heterozygous. The phenotypically dominant organism is the individual in question in a test cross.  

Test Cross- The test cross is another fundamental tool devised by Gregor Mendel. In its simplest 

form, a test cross is an experimental cross of an individual organism of dominant phenotype but 

unknown genotype and an organism with a homozygous recessive genotype (and phenotype).  The 

purpose of a test cross is to determine if this individual is homozygous dominant or heterozygous. 

Zygosity can either be heterozygous or homozygous. Those that are heterozygous have one 

dominant and one recessive allele. Individuals that are homozygous dominant have two dominant 

alleles, and those that are homozygous recessive have two recessive alleles. Test cross is the 

mating of a dominant phenotype (with unknown genotype CC or Cc in the above given example) 

to a genotype which is homozygous recessive at all the loci under consideration. The phenotypes 

of the offspring produced by a test cross reveal the number of different gametes formed by the 

parental genotype under test. 

                                         

 Fig- A test cross that distinguishes the genotypes of P and F1 red flowered peas. 



The possibilities of such a cross: 

 When impure dominant (Cc) is crossed with the pure recessive. In this cross 50% plants 

will be red and 50% will be white. 

 When pure dominant (CC) is crossed with a pure recessive (cc). In such a cross 100% 

plants will be red flowered. Thus if we want to study whether the red flowered plants are 

homozygous or heterozygous we can take the help of a test cross. 

 A monohybrid test cross of heterozygous dominant with pure recessive gives a 1: 1 

phenotypic ratio. 

 A di-hybrid test cross (of a heterozygous dominant with pure recessive) gives a phenotypic 

ratio of 1: 1: 1: 1 

Backcross- is a crossing of a hybrid with one of its parents or an individual genetically similar to 

its parent, in order to achieve offspring with a genetic identity which is closer to that of the parent. 

It is used in horticulture, animal breeding and in production of gene knockout organisms.  

When F1 individuals are crossed with one of the two parents (either CC—red flowered or cc—

white flowered) from which they have been derived, then such a cross is called back cross. 

A) When F1 (Cc) is crossed to the parent with dominant phenotype i.e., homozygous for red colour 

(CC). In such a cross plants will be 100% red. 

(B) When F1 plant (Cc) is crossed to the parent with pure recessive (cc) white flowered plant. In 

such a cross 50% plants will be red flowered and 50% plants will be white flowered 

                               

                                                         FIG- Back crosses 



Advantages of the back crosses are like, if the recurrent parent is an elite genotype, at the end of 

the backcrossing programme an elite genotype is recovered, and as there is no "new" 

recombination, the elite combination is not lost. 

There are some disadvantages of back cross like it works poorly for quantitative analysis, it Is 

more restricted for recessive traits, in practice, sections of genome from the non-recurrent parents 

are often still present and can have unwanted traits associated with them, for very wide crosses, 

limited recombination may maintain thousands of ‗alien‘ genes within the elite cultivar, many 

backcrosses are required to produce a new cultivar which can take many years. 

                             CHROMOSOMAL THEORY OF INHERITANCE 

It is a fundamental unifying theory of genetics which proves that the chromosomes are the carriers 

of genetic material. It correctly explains the mechanism underlying the laws of Mendelian 

inheritance by identifying chromosomes with the paired factors required by Mendel's laws. It also 

states that chromosomes are linear structures with genes located at specific sites called 

as loci along them. It simply states that chromosomes, which are seen in all dividing cells and pass 

from one generation to the next, are the basis for all genetic inheritance. Over a period of time 

random mutation creates changes in the DNA sequence of a gene. Genes are located on 

chromosomes. It is also known as the Boveri–Sutton chromosome theory (also known as 

the chromosome theory of inheritance or the Sutton–Boveri theory). 

The Chromosomal Theory of Inheritance was consistent with Mendel‘s laws and was supported by 

the following observations: 

 During meiosis, homologous chromosome pairs migrate as discrete structures that are 

independent of other chromosome pairs. 

 The sorting of chromosomes from each homologous pair into pre-gametes appears to be 

random. 

 Each parent synthesizes gametes that contain only half of their chromosomal complement. 

 Even though male and female gametes (sperm and egg) differ in size and morphology, they 

have the same number of chromosomes, suggesting equal genetic contributions from each 

parent. 

 The gametic chromosomes combine during fertilization to produce offspring with the same 

chromosome number as their parents. 



Experimental evidence linking the inheritance of genes to chromosomes 

The experimental proof of the chromosomal theory of inheritance was given by the American 

biologist Thomas H. Morgan who discovered a particular eye color mutation in the fruit fly, 

Drosophila melanogaster. Morgan selected Drosophila for hid experiment because it reproduced 

quickly and was inexpensive to rear in the laboratory. In addition, it had only four pairs of 

chromosomes, one being a pair of sex chromosomes- XX in the female and XY in the male. The X 

and Y chromosomes were morphologically distinguishable from each other and from each of the 

autosomes. When Morgan crossed a wild type female w+ with white-eyed w male, the progenies 

obtained were of all red-eyed type, showing that the red color was dominant over white color. 

When he intercrossed the F-1 progeny, a peculiar segregation pattern was formed in which all the 

daughter cells and half of the son hade red eyes and half of the sons have white colored eyes. On 

the basis of this experiment he stated that the eye color mutation is inherited from X chromosome 

and the red and white phenotypes were occurring due to two different alleles.  

                                                      

 Among the progeny from the cross, the sons inherit an X chromosome from their mother and a Y 

chromosome from their father; because the maternally inherited X carries the w+ allele, these sons 

have red eyes. The daughters, in contrast, inherit an X chromosome from each parent—an X with 

w+ from the mother and an X with w from the father. However, because w+ is dominant to w, 

these heterozygous F1 females also have red eyes. When the F1 males and females are 

intercrossed, four genotypic classes of progeny are produced, each representing a different 

combination of sex chromosomes. The XX flies, which are female, have red eyes because at least 

one w+ allele is present. The XY flies, which are male, have either red or white eyes, depending 

on which X chromosome is inherited from the heterozygous F1 females. Segregation of the w and 

w+ alleles in these females is therefore the reason half the F2 males have white eyes.  



To confirm his hypothesis Morgan carried out additional experiment. He crossed F1 females 

assumed to be heterozygous for the eye color gene to mutant white males. As he expected, half the 

progeny of each sex had white eyes, and the other half had red eyes.  

                                     

In another experiment, he crossed white-eyed females to red-eyed males. This time, all the 

daughters had red eyes, and the entire son had white eyes. When he intercrossed these progeny, 

Morgan observed the expected segregation: half the progeny of each sex had white eyes, and the 

other half had red eyes. Thus, Morgan‘s hypothesis that the gene for eye color was linked to the X 

chromosome with stood additional experimental testing. 

                                                

THE CHROMOSOMAL BASIS OF MENDEL’S PRINCIPLES OF SEGREGATION AND 

INDEPENDENT ASSORTMENT 

Mendel established two principles of genetic transmission:  

(1) The alleles of a single gene segregate from each other, and  

(2) The alleles of two different genes assort independently.  



The finding that genes are located on chromosomes made it possible to explain these principles (as 

well as exceptions to them) in terms of the meiotic behavior of chromosomes. 

The Principle of Segregation 

During the first meiotic division, homologous chromosomes pair and one of the homologues 

comes from the mother, the other from the father. If the mother was homozygous for an allele, A, 

of a gene on this chromosome, and the father was homozygous for a different allele, a, of the same 

gene, the offspring must be heterozygous, that is, Aa. In the anaphase of the first meiotic division, 

the paired chromosomes separate and move to opposite poles of the cell. One carries allele A and 

the other allele a. This physical separation of the two chromosomes segregates the alleles from 

each other; eventually, they will reside in different daughter cells. Mendel‘s Principle of 

Segregation is therefore based on the separation of homologous chromosomes during the anaphase 

of the first meiotic division. 

The Principle of Independent Assortment 

The Principle of Independent Assortment is also based on this anaphase separation. To understand 

the relationship, we consider genes on two different pairs of chromosomes. If a heterozygote Aa 

Bb was produced by mating an AA BB female to an aa bb male and two genes are on different 

chromosomes. During the prophase of meiosis I, the chromosomes with the A and a alleles will 

pair, as will the chromosomes with the B and b alleles. At metaphase, the two pairs will take up 

positions on the meiotic spindle in preparation for the upcoming anaphase separation. During 

anaphase, the alleles above the bars will move to one pole, and the alleles below them will move to 

the other. When disjunction occurs, there is therefore a 50 percent chance that the A and B alleles 

will move together to the same pole and a 50 percent chance that they will move to opposite poles. 

Similarly, there is a 50 percent chance that the a and b alleles will move to the same pole and a 50 

percent chance that they will move to opposite poles. At the end of meiosis, when the chromosome 

number is finally reduced, half the gametes should contain a parental combination of alleles (A B 

or a b), and half should contain a new combination (A b or a B). Altogether, there will be four 

types of gametes, each one-fourth of the total. This equality of gamete frequencies is a result of the 

independent behavior of the two pairs of chromosomes during the first meiotic division.  

GENETIC LINKAGE AND DISTANCES 

Mendel‘s work suggested that traits are inherited independently of each other. Morgan identified a 

1:1 correspondence between a segregating trait and the X chromosome, suggesting that the random 

segregation of chromosomes was the physical basis of Mendel‘s model. This also demonstrated 

that linked genes disrupt Mendel‘s predicted outcomes. The fact that each chromosome can carry 

many linked genes explains how individuals can have many more traits than they have 



chromosomes. However, observations by researchers in Morgan‘s laboratory suggested that alleles 

positioned on the same chromosome were not always inherited together. During meiosis, linked 

genes somehow became unlinked.                                                    

CONCLUSIONS 

G.J. Mendel is regarded as Father of Genetics as he laid the basic foundation of genetic 

inheritance. His experiments were based on the Pisum sativa, commonly known as the Garden Pea 

plant. He took 7 contrasting traits and studied them with the use of monohybrid and dihybrid 

crosses. He postulated laws of inheritance where he described the Law of Segregation and Law of 

Independent Assortment, stating that the gametes segregate during gametogenesis and the alleles 

segregate independently without depending on each other respectively. He termed the factors as 

alleles. The gene which masks the effect of another genes is known as dominant gene whereas the 

gene whose effect is masked is termed as the recessive genes. He cross checked them using test 

cross and back cross. In test cross, the heterozygous progeny is crossed with the recessive parent to 

check the purity of gametes, whereas in the back cross the progeny is crossed with any parent and 

it is used to check the homozygocity and heterozygocity of the progeny.    

Since there were many debates regarding the Mendelian‘s Law of Inheritance in 1902 by Sutton 

and Boveri. It is a unique theory stating that the chromosome contains the genetic material and it 

helps in the study of inheritance patterns. Later, Morgan experimentally proved the theory by 

experimenting on the fruit fly Drosophila melanogaster. It is widely accepted theory. 

Both the theories of Mendel‘s Law of Inheritance and Chromosomal Theory of Inheritance are 

widely accepted and used as the base for any other genetic research. They have created milestone 

in the field of Genetics.                                            
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