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PBG 3.2    Fundamentals of  Genetics                                             Credits 3(2+1)  

 

 Theory: 

 Introduction to genetics;  

 Cell division: mitosis and meiosis;  

 Mendelian principles of heredity;  

 Study of chromosome structure;  

 Multiple alleles, pleiotropism and pseudo alleles and blood group genetics;  

 Linkage and its estimation, crossing over mechanisms, chromosome mapping; Sex 

determination and sex linkage, sex limited and sex influenced traits;  

 Qualitative and quantitative traits, polygenes and continuous variations, multiple factor 

hypothesis; Cytoplasmic inheritance;  

 Mutation- classification, Methods of inducing mutation and ClB technique, mutagenic 

agents and induction of mutation; Structural and numerical changes in chromosome; 

Nature, structure and replication of genetic material;  

 Protein synthesis-transcription and translational mechanism of genetic material; Gene 

concept- gene structure and functions;  

 Gene regulation- Lac and Trp operons. 

 Practicals: 

1. Study of Microscope 

2. Study of cell structure and functions 

3. Practice on mitotic and meiotic cell division 

4. Experiments on monohybrid, dihybrid, trihybrid, back cross and test cross 

5. Chi-square test 

6.  Epistatic interactions 

7. Determination of linkage and cross over analysis (through two point test cross and three      

    point test cross data) 

 Reference Books : 

Elements of Genetics – Phundan Singh 

Genetics – B. D. Singh 

Genetics – P. K. Gupta 
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Genetics - It is the science, which deals with the principles of heredity and variation. 

Heredity – Transmission of characters from parents to offspring is referred as the  

                  heredity. 

Variation – Differences for various characters among the individual of the same species  

                  is referred as variation.  

Types of variation: 1. Hereditary and 2. Environmental 

1. Heredity variation : Variations observed among the individuals of the same species due 

to differences in their genetic constitution is termed as the heredity variation. 

2. Environmental variation : When two individuals of the same genotypes may become 

different in phenotype when they come in contact with different conditions of food, 

temperature, light, humidity and other external factors. Such differences among 

organisms of same heredity are called as an environmental variation. 

Environment :It is the sum total of an external conditions, which influence an organism. 

 Plant genetics : It is the branch of genetics, which deals with inheritance and variations of 

characters in plant species. 

Cytology : It is the branch of the science, which deals with the morphology and   

         physiology of the cell. 

Cytogenetics : It is the combine study of cytology and genetics 

 

HISTORY EVENTS (Cytology and Genetics) 

Scientist Name  Year  Contribution  

Robert Hooke  1665  Introduced the term cell  

M. J. Schleiden  1838  Cell concept in plant  

T. Schwann  1839  Applied the cell concept in animal  

Gregor Mendel  1865  Developed the fundamental principles of heredity.  “Father of 

Genetics”  

W. Flemming  1882  Proposed the term meiosis  

A. Weismann  1892  Germplasm theory  

Karl Correns, Hugo 

de Vris &  E. 

Tschermark  

1900  Rediscovered the fundamental principles of  heredity  

Mc Clung  1902  Identified the sex chromosomes in Hemiptera  

Bateson  1906  Coined the term Genetics. He is also considered as the father of 

Modern Genetics  

Johannsen  1909  Coined the term gene, Genotypes and phenotypes  

T. H. Morgan  1915  He correlated the genetic study with cytological studies in 

Drosophila  

Muller  1927  Study the mutation through x – rays in animals  

Knoll and Ruska  1932  Produced one of the first electron microscope  

Muller  1946  Received the Noble prize for radiation genetics work  

Watson and crick  1953  They proposed the model for the DNA molecules  

Watson and crick 

with Wilkins  

1962  Received the Noble prize for their model of the DNA molecules  
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Mendel’s Laws 

o The first systematic approach for the investigation of mechanisms of inheritance was 

made by Gregor Johann Mendel in the nineteenth century. Mendel was born in 1822 

near Brunn in Austria, in a farmer family. He had collected commercial peas varieties 

from different parts of Europe.   

o He had systematically worked on a crop - Garden Pea (Pisum sativum) and invented the 

principles of inheritance and which laid the foundation of new branch of biology that is 

Genetics, and for his pioneer work on principle of heredity, he is known as Father of 

Genetics. 

 

Mendel’s Experimental Materials : 

Mendel has selected garden pea as a experimental material for his experiment, which has 

following advantages: 

o Well defined characters 

o Bisexual flowers 

o Pre-dominantly self pollinated crop 

o Easy hybridization 

o Short crop duration  

 

Characters studied by the Mendel : 

Mendel had worked on garden pea and studied the dominant and recessive behaviors 

on a seven different characters. 

Sr. Character  Dominant  Recessive  

1 Plant height  Tall  Dwarf  

2 Position of the flower  Axial  Terminal  

3 Shape of the pod  Inflated  Constricted  

4 Colour of the pod  Green  Yellow  

5 Seed shape  Round  Wrinkled  

6 Seed colour  Yellow  Green  

7 Seed coat colour  Grey  White  

 

Based on the seven years studies (1856-1864), he discovered two important laws of heredity that 

is 

1. Law of segregation 

2. Law of independent assortment 

o Mendel’s had published the research work first time (1866) in Natural History Society 

of Brunn in form of two research papers in Annual proceeding of the society. 

o Title of paper : “Experiments in plants” in German language   

o Mendel’s work came into light in 1900, when three scientists viz., De Vris (Holland), 

Correns (Germany) and Tschemark (Austria) rediscovered the mendel’s work. 
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Key Terminology : 

o Hereditary Determinants : The entries which are responsible for inheritance of 

characters from one generation to another are called as hereditary determinants or factors. 

Now a days, these factors are referred as gene. 

o Alleles : The alternative form of the gene is called as alleles. (R and r) 

o Locus / Loci : The position at which gene/alleles are located on the chromosome is 

referred as locus. 

o Gamete : It refers to the sexual unit. Usually the sex cells are usually called as gamete. 

o Dominant character : The character which express in F1 generation is called as the 

dominant character. 

o Recessive character : The character which cannot expressed in presence of dominant 

character or The character which cannot expressed in F1 generation is called as recessive 

character.  

o Genotype : The genetic constitution of an organism is referred as genotype. 

o Phenotype : The observable characteristics of an organism or the out ward appearance of 

an individual is referred as phenotype. 

o Homozygote : An individual possessing both the identical alleles for a given character at 

corresponding loci of a homologous chromosomes is referred as homozygote. Example – 

TT or RR.  

o Heterozygote : An individual possessing both the different alleles for a given character at 

corresponding loci of a homologous chromosomes is referred as homozygote. Exm – Tt 

or Rr. 

o Dominant allele : The gene express its phenotypic effects in heterozygote condition is 

referred as dominant allele. 

o Recessive allele : The gene which cannot produce its phenotypic effect in heterozygote 

condition but produce its phenotypic effect in homozygous condition is referred as 

recessive allele. 

o Monohybrid : A cross between two parents differing for a single character is referred as 

monohybrid. 

o Dihybrid : A cross between two parents differing for a two different characters is 

referred as dihybrid. 

o Back cross : A cross of F1 with either of its parents is referred as back cross. 

o Test cross : A cross of F1 with homozygous recessive parents is referred as test cross.  

o A test cross always considered as back cross but the back cross may or may not consider 

as test cross. 

o Direct cross : A cross between two individuals is referred as direct cross.             A x B = 

F1  

o Reciprocal cross : when we change the order of individual in crosses by reversing the 

use of male and female it is referred as reciprocal cross.                    B x A = F1. 
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Law of segregation / Law of purity of gamete : 

The laws states that alleles separate from each other during gamete formation and 

pass into different gamete in equal number. 

 In other words, when alleles of two contrasting characters come to gether in a hybrid, 

they do not blend, contaminate or affect each other while to gether. The different genes 

separate from each other in a pure form pass on to different gametes formed by the hybrid and 

then go into different individuals in the offspring of the hybrid.  

Main features of the law of the segregation : 

o When dominant and recessive alleles of a gene come to gether in a single hybrid, they do 

not mix or blend together. 

o The alleles remain together in pure form without affecting each other and for this reason, 

the law of segregation is also referred as law of purity of gamete. 

o The allele separate into different gametes in equal number. 

o Separation of two alleles are take place due to separation of homologous chromosomes 

during meiosis (Anaphase-I). 

o In case of complete dominance, for single gene the phenotypic segregation ratio in F2 

generation is 3 : 1 and for two genes it is 9 : 3 : 3 : 1. 

 

Example :When we make a cross between round (RR) and wrinkled (rr) seed shaped plants, The 

seeds shape resulting in the F1 hybrids were all round type but the F2 generation produced from 

F1 generation selfing were having two kinds of seed shape i.e round seed and wrinkle seed. Out 

of every four seeds, three were of round seed shape type and one was having wrinkled seed 

shape. The detail diagrammatically explanation is given in Figure. 

Parents : Round seed shape 

(RR) 

X Wrinkled seed shape 

(rr) 

    

F1 :-  Rr  (Round seed shape) 

    

F2 :- F\M R r 

R RR 

Round seed 

Rr 

Round seed 

r Rr 

Round seed 

rr 

Wrinkle seed 
 

Phenotypic ratio :- 3 : 1 (Round seed shape : Wrinkle seed shape) 

Genotypic ratio :- 1 : 2 : 1 

 

Law of independent assortment: 

The law of independent assortment states that when two pairs of gene enter in F1 

combination, both of them have their independent dominant effect. These genes segregate 

when gametes are formed but the assortment occurs randomly and quite freely. 
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Important features of law of independent assortment 

o This law explains the simultaneous inheritance of two plant characters. 

o In F1, when two genes controlling two different characters come together each gene 

exhibits independent assortment behavior without affecting or modifying the effect of 

other gene. 

o The two gene pairs involved are segregate independently.  

o The alleles of one gene pair are freely combine with the alleles of another gene. Thus, the 

each gene having equal chance to combine with each allele of another gene. 

o Each of two gene pairs when considered separately, they exhibit typical 3 : 1 segregation 

ratio in F2 generation. 

o Free assortment of alleles of two genes leads to formation of new gene combinations. 

 

Example : 

In a garden pea, yellow round seeded (YYRR) plants crossed with green wrinkle (yyrr) 

seed shaped plants, The seeds resulting in the F1 hybrids were all yellow round seed but the F2 

generation produced from F1 generation selfing were having four kinds of seeds i.e yellow round 

(YR), yellow wrinkle (Yr), green round (yR) and green wrinkle seed (yr) in a proportion of 9 : 3 

: 3 : 1. The detail diagrammatically explanation is given in Figure. 

 

 

Parents : Yellow Round seed 

(YYRR) 

X Green Wrinkled seed 

(yyrr) 

    

F1 :  YyRr  (Yellow Round seed) 

 

    

F2 : F\M YR Yr yR yr 

 

YR YYRR 

Yellow Round 

YYRr 

Yellow Round 

YyRR 

Yellow Round 

YyRr 

Yellow Round 

Yr YYRr 

Yellow Round 

YYrr 

Yellow Wrinkle 

YyRr 

Yellow Round 

Yyrr 

Yellow Wrinkle 

yR YyRR 

Yellow Round 

YyRr 

Yellow Round 

yyRR 

Green Round 

yyRr 

Green Round 

yr YyRr 

Yellow Round 

Yyrr  

Yellow Wrinkle 

yyRr 

Green Round 

yyrr 

Green Wrinkle 
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Phenotypic and Genotypic ratio : 

Genotypes Genotypic ratio Phenotypes Phenotypic ratio 

YYRR 1 

Yellow & Round 9 
YYRr 2 

YyRR 2 

YyRr 4 

YYrr 1 
Yellow & Wrinkle 3 

Yyrr 2 

yyRR 1 
Green & Round 3 

yyRr 2 

yyrr 1 Green & Wrinkle 1 

 

Reasons of the Mendel's success  

1. Proper maintenance of record 

Mendel have maintained separate, systematic, generation wise record of all seven 

characters, which help him a lot to analyze and to understand the inheritance mechanism 

of various characters. 

2. Study of individual character 

At a time he had focused on a single character. So it becomes easy to understand 

the inheritance pattern. 

3. Choice of the materials 

Mendel has selected garden pea as an experimental material and it has several 

advantages like hermaphrodite flower, self pollinated crop, short crop duration and easy 

hybridization. It is also possible to raise more than one generation in a year and the 

garden pea flower is also ideal for selfing and emasculation. 

4. Maintenance of purity 

Mendel has maintained the purity of the material by selfing. 

5. Always used pure materials.  

6. Knowledge of shortfall of earlier worker 

He has also studied the work made by earlier worker, so he got proper directions 

and it has helped him for better planning of his experiment. 

7. Mathematical background 

Basically the background of Mendel was Mathematics and Physics, which help 

him a lot to analyze the collected data. 

8. Proper choice of the characters 

Mendel has recorded seven contrasting characters for his experiment.  
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Exceptions or Deviations of Mendel’s law : 

1. Incomplete dominance 

o In four o’clock plant (Mirabilis jalaba) 

o Red flower  x White flower – Pink flower 

2. Co-dominance 

o ABO blood group 

o A blood group x B blood group – F1 (AB blood group) 

3. Multiple alleles 4. Pleiotropic gene effect 

5. Linkage 6. Polygenes     

7. Gene interactions 8. Environmental effects 

9. Lethal genes 10. Cytoplasmic effects or Maternal 

effects  

                   

 Study of chromosome structure: 

 The darkly stained rod shaped bodies observed under light microscope in a cell during 

metaphase stage of mitosis is referred as chromosome 

 Strasburger discovered the chromosomes (thread like structure) in 1875 

 The term chromosome was coined by Waldeyer in 1888 

 Features of eukaryotic chromosomes : 

 Chromosomes are not visible during interphase. They are visible during other stages of 

cell division but more clearly visible during mitotic metaphase 

 The genes are located on the chromosome in linear fashion, which are responsible for 

transmission of characters from generation to generation 

 In eukaryotes the chromosomes are enclosed by nuclear membrane 

 They are vary in shape, size and number in different species of plants and animals 

 Based on shape – Rod shape, J shape & V-shape 

 Based on Size – Plants having longer chromosome than animals. Maximum 

length is observe in interphase and minimum in anaphase. Giant chromosome 

length (300 micron) 

 Based on number – Haploid, Diploid and Basic number 

Haploid – It represents the gamatic  chromosome number of a species (n) 

Diploid – It represent the somatic chromosome number of a species (2n) 

Basic number – It represent the minimum haploid chromosome number of any species (x) 

 Chromosomes having property of self replication, segregation and mutation 
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 Chromosomes are composed of  DNA, RNA and histone proteins. DNA is the major 

genetic material of chromosome. 

  

Chromosome morphology

 

 Chromosome morphology is studied in the cells of root tip during metaphase 

 

 Each chromosome consist seven parts 

1. Centromere 

2. Chromatid  

3. Secondary constriction and satellite 

4. Telomere 

5. Chromomere  

6. Chromonema  

7. Matrix 

 

     Centromere : 

      The region of the chromosome with which spindle fibers are attached during 

metaphase  is known as centromere or primary constriction or kinetochore  

 

    Functions : 

 Responsible for orientation of chromosome 

 For movement of chromosome during anaphase 

 For the formation of chromatid  

 For the chromosome shape 
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Depending upon the position of centromere and its number on the chromosome, it cab be 

grouped into five classes 

Position of 

centromere  

Chromosome type  Number of 

centromere  

Chromosome 

type 

Median  Metacentric  Nil  Acentric  

Sub-median  Sub metacentric  One  Monocentric  

Sub-terminal  Acrocentric  Two  Dicentric  

Terminal  Telocentric  Three  Tricentric  

Diffuses  Holokinetic/holocentric  Many  Polycentric  
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 Chromatid : 

 One of the two distinct longitudinal subunits of chromosome  is called chromatid  

 These two subunits get separated during anaphase 

 Two types : 

1. Sister chromatid : It is derived from the same chromosome 

2. Non sister chromatid : They are not from the same chromosome but they 

originate from homologous chromosome 

  Two chromatids of a chromosomes are held to gather by centromere  

 
Chromomeres : 

 The linearly arranged bead like structure founds on the chromosomes  are known as 

chromomeres. 

 They are clearly visible in polytene chromosomes 

 They are responsible for 

 Unit of DNA replication 

 Chromosome coiling 

 RNA synthesis 

 RNA processing 

 Chrmonema : 

 The thread like coiled structures are found in the chromosome  and chromatids are called 

as chromonema  
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 Functions : 

 It controls the size of the chromosome 

 It is gene bearing portion on the chromosome 

 

 
Matrix : 

  A mass of acromatic material in which chromonemeta is embedded is called matrix 

  Matrix enclosed in a sheath which is known as pellicle 

 Both matrix and pellicle are non genetic materials 

Karyotype : 

 The characteristics features of chromosome of a species is referred as karyotype         OR 

 Its phenotypic appearance of the chromosomes of a particular species. It is represented by 

a specific diagram, which is known as ideogram 

 Ideogram is generally identical for particular species but it varies from species to species 

 Features taken into consideration in karyotype study 

1. Number 

2. Position of centromere  

3. Size 

4. Position of satellite 

5. Degree and distribution of heterochromatin  

Karyotype :  Two types – Symmetrical and Asymmetrical 

 Symmetrical :  

 All the chromosomes have median and sub-median position of centromere  

 Less variation in the size of chromosome 

 Plant species with this type of karyotype are considered as primitive ones 

 Asymmetrical : 

 The chromosme have terminal position of centromere  

 Wide variation observed in the size of chromosomes (Smallest – Longest type) 

 Plant species with this type of karyotype are considered as advance one 

  The ideogram generally depicted in descending order of chromosome length 



 14 

 Karyotype 

 
 Ideogram 

 
 Heterochromatin and Euchromatin : 

 There is clear cut differences are observed in staining behaviour of different 

regions of chromosomes during interphase  

 The darkly stained region of the chromosome : Heterochromatin 

  The lightly stained region of the chromosome : Euchromatin  

Sr.No. Heterochromatin Euchromatin 

1.  It represents the dakrly staining region It represents the lightly staining region 

2.  Contain few inactive cells Contain lot of active genes 

3.  Cover small regions of the chromosome Covers large region of chromosome 

4.  Usually found near the centromere and 

telomere 

Usually found in the middle of the 

chromosome 
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 Chemical composition of chromosomes 

 Major chemical components are DNA, RNA, histone proteins and non histone proteins 

 Example : Pea : 

  Embryonic axis contain 39 % DNA, 10 % RNA, Proteins – 40 % histone 11 % 

non histone protein 

 Protein contents > DNA 

 Special types of chromosomes 

 This type of chromosomes significantly differ in their structure and functions 

 Three different types 

1. Lampbrush Chromosome 

2. Polytene chromosome 

3. B chromosome 

1. Lampbrush chromosome 

 In this type of chromosome large number of loops are found on the chromatin axis, which 

gives lampbrush appearance 

 They found in the nuclei of both vertebrate and invertebrates and spermatocyte nuceli of 

Drosophilla during diplotene stage 

 They have three main features : 

 
1. Extra ordinary length 

 Having remarkable length 

 Length is large than polytene chromosome 

 Length is recorded upto 1 mm in some of the amphibian 

2. Large number of loops 

 One to more loops may arise from a single chromosome 

 Loops are found in the pairs 

 Here the chromomeres are interconnected by inter chromomere fibres  
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3. Lampbrush appearance 

 Here large number of loops are found in pair, which gives lampbrush appearance 

 Gradually the loops increase its number and it found maximum in diplotene stage 

and declining after diplotene  

 In diplotene stage lampbrush chromosomes consist of two homologous 

chromosomes 

 In lampbrush chromosome the chromosomal axis, chromomere and loop axis are 

all made up of DNA and which is having hereditary function or considered as the 

region of genetic activity 

 
 Polytene or Giant chromosome or salivary gland chromosome 

 The multiple replicates of the same chromosome holding to gather in a same 

parallel fashion, which results into very thick chromosome are known as polytene 

chromosome 

 It was first reported by Balbiani (1981) in the salivary gland of dipteran insect 

 Also found in salivary gland of Drosophilla and several other insect 

 These chromosomes found in salivary gland so it is also known as salivary gland 

chromosome 

 Three main features : 

o Bands 

o Puffs 

o Giant size 
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1. Bands : 

 The strips which are found in this chromosomes are known as bands 

2. Puffs : 

 Some band are swollen or in expanded form, which are known as Puffs or 

Balbiani ring 

 The puffs are reversible and considered as the region of genetic activity 

 The puff formation process at different site of polytene chromosome is referred as 

puffing 

 Puffs are the site of DNA synthesis 

3. Giant Size 

 Polytene chromosome having giant size 

 Some time the size observed to be 200 times bigger than normal chromosome 
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 B-chromosome 

• The normal member of the chromosome known as the A-chromosome 

• Some species possesses extra chromosomes which are not the members of normal 

chromosome complement, which are known as B-chromosome 

• Also known as supernumerary chromosomes or accesory or extra chromosomes 

• B – chromosome first reported in maize by Longley 1927 and Randolph 1928 

• B – chromosomes classified in following two ways 

o On the basis of their size 

 Stable 

 Unstable 

o On the basis of stability 

 Standard type 

 Small type 

 Very small type 

 Large type 

 

 

Multiple allele  

Existence of more than one allele at a locus is referred as multiple allele and the 

phenomenon is referred as multiple allelism     OR 

The condition in which a particular gene occurs in three or more allelic form in 

population of organisms 

 

Main features/characteristics of multiple allele 

o Multiple allele always belong to the same locus and one allele is present at a locus at a 

time in a chromosome 

o Multiple allele always control the same character of an individual. The expression of a 

character will differ depending upon the allele present  

o There is no crossing over in multiple allele series 

o In series of multiple allele wild type is always dominant.  

o The cross between two mutant type will always produce mutant phenotype 

(intermediates).  Such cross will never produce wild phenotype. In other words multiple 

allele do not show complementation  

 

Examples of multiple allele : 

o Fur colour in rabbit 

o Wing type in Drosophila 

o Eye colour in Drosophila 

o Self incompatibility allele in plants 

o ABO blood group in man 

o Waxy gene of maize 
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ABO blood group in man  

o ABO blood group in man was discovered by Landsteiner (1900) 

o Antibody : It is a type of protein which is commonly referred to as immunoglobin and 

found in the serum or plasma. The presence of antibody can be demonstrated by its 

specific reaction with antigen. 

o Antigen : It refers to a substance or agent which introduced into the system of a 

vertebrate animal (like cow, goat, rabbit, man etc.) for the production of specific 

antibody, which binds specifically to this substance. Antigens are located in the RBC (red 

blood corpuscles) 

o In human RBC there is two types of antigens viz., A and B  

o Depending upon the presence and absence of antigen A & B, the blood group in human is 

of four types viz., A, B, AB & O. 

o As far as antigen is concern, a person with the blood group A has antigen A on the 

surface of  RBCs, similarly for the blood group B will have antigen B, for the blood 

group AB will have the antigens A & B and for the blood group O have no antigen on the 

surface of their RBCs 

o  As far as antibody is concern, antibodies B, A, none and AB are naturally present in 

the serum of individuals having A, B, AB and O blood group, respectively 

o The agglutination or coagulation of RBCs leads to clotting of blood due to 

interaction between common antigen and antibody 

o The blood group B can not be transferred to an individual having blood group A because 

in the individual having blood group A possessing antibody against antigen B 

o Reverse transfusion of blood is also not possible 

o The blood group AB does not have antibody against antigen A & B and because of that 

an individual with AB blood group can accept all types of blood viz., A, B, AB & O. So 

they are known as Universal acceptors or recipients 

o The O blood group individual does not have any antigen and has antibody against antigen 

A & B, so it can not accept blood group other than O 

o Individual with O blood group is referred as Universal donars because transfusion of 

blood group O is possible with all the four blood types.  

o Likewise Rh (rhesus) factor is also important in blood transfusion 

o Each blood group have two types of Rh group viz., positive and negative  

o Same type of Rh is compatible for blood transfusion and opposite type of Rh blood group 

transfusion resulting in death of the recipient  
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Human blood groups, their antigen, antibody and compatible blood group for transfusion  

Blood group Genotypes Antigen found 

on the surface 

of the RBC 

Antibody 

present in the 

blood serum 

Compatible 

blood for 

transfusion 

A 
I

A

I

A

 or I

A

i 
A B A and O 

B 
I

B

I

B

 or I

B

i 
B A B and O 

AB 
I

A

I

B

 
AB None A, B, AB & O 

O ii None AB O 

 

Pleiotropism : 

o A gene having more than one phenotypic effect (manifold effects) is called pleiotropic 

gene and such phenomenon is refered as pleiotropy or pleiotropism  

o A pleiotropic effect may be either due to true pleiotropic gene or due to closed linked 

gene 

Penetrance :  

o The frequency with which a gene produces a phenotypic or visible effects in individuals                                      

OR 

o Penetrance refers to the proportion of individuals which exhibit phenotypic effect of a 

specific gene carried by them 

1. Penetrance can calculated in percentage 

2. They are two types : Incomplete penetrance and complete penetrance  

3. When specific gene does not manifest its effect in all the individuals, which 

carry this gene is known as incomplete penetrance  

4. When all the individuals which carry a particular gene exhibit its phenotypic 

effect is known as complete penetrance  

Expressivity :  

o The degree of phenotypic expression of a penetrant gene is called as expressivity  

Expressivity are of two types : 

1. Uniform 

2. Variable 

o When the phenotypic expression of a gene is identical or similar in all the individuals 

which carry such gene is known as uniform expressivity 

o Most of the qualitative characters exhibit uniform expressivity  

o Most of the qualitative characters exhibit uniform expressivity 

o When the phenotypic expression differs in different carriers of a gene it is known as 

variable expressivity 
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Quantitative traits / Quantitative characters : 

o Quantitative traits : The characters, which are controlled by polygenes are referred as 

quantitative character or polygenic characters. e.g. grain yield, leaf size, corolla length, 

maturity etc. 

o Qualitative traits : The characters, which are controlled by one or two genes are referred 

as qualitative characters or oligogenic characters. e.g. fruit colour, seed colour etc. 

o Oligogene : One or few genes governs the same character. 

o Polygene : Several genes governs the same character. 

 

Difference between quantitative character and qualitative traits : 

Sr Qualitative traits Quantitative traits 

1. Qualitative traits are governed by mono or 

oligogenes. 

Quantitative traits are governed by 

polygenes. 

2. It deals with the inheritance of traits of 

kind viz., form, structure, colour etc. 

It deals with the inheritance of traits of 

degree viz., height, length, girth, weight, 

number etc. 

3. It is less influenced by environment. It is highly influenced by environment. 

4. It shows discontinuous variation. It shows continuous variation. 

5. It concern with individual mating and their 

progeny. 

It concern with a population of organisms 

consisting of all possible kinds of mating. 

6. It can be classified into distinct phenotypic 

classes. 

It can be measure in terms of metrical 

units. 

7. Its analysis made by count and ratio. Its analysis is made by using certain 

statistical methods. 

 Characteristics of quantitative inheritance 

o Each quantitative character is controlled by several independent genes and each gene 

having small, similar and cumulative effect. 

o Each quantitative character exhibits continuous variation rather than discontinuous 

variation. The variability observed for quantitative trait cannot be classified into distinct 

phenotypic classes. 

o Effect of individual gene is not easily detectable in case of quantitative characters and 

therefore, such traits are also known as minor gene characters. 

o The statistical analysis of quantitative character is based on means, variances and co-

variances. Thus, quantitative characters are studied in quantitative genetics. 

o Quantitative characters are highly sensitive to environmental variation. 

o Classification of quantitative characters into different clear cut phenotypic classes is not 

possible because of continuous variation from one extreme to the other extreme. 

o Generally, the expression of quantitative characters is governed by additive gene action 

but now the cases are known where quantitative characters are governed by dominance 

and epistatic gene action. 
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o Each quantitative character involves metric measurements like size, weight, height etc. 

o Transgressive segregants are only possible from the crosses between two parents for 

quantitative characters. 

o The transmission of quantitative characters is generally low because of high influence of 

environmental variation. 

o If a substitution of an allele occurs in a gene locus then such allelic substitution have 

different effects. 

o Quantitative traits are controlled by polygenes and polygenes have pleiotropic effects i.e. 

one gene may modify or suppress more than one phenotypic trait. 

 

Characteristics of qualitative inheritance 

o Each qualitative character is controlled by few independent genes and each gene has its 

independent effect. 

o Oligogenic characters exhibits discontinuous variation.  

o Effect of individual gene is easily detectable in case of qualititative characters.  

o The statistical analysis of the discontinuous variation can be analyzed with the help of 

frequencies and ratios. 

o Qualitative characters are less sensitive to environmental variation. 

o Qualitative characters are classified into distinct phenotypic classes. 

o Generally, the expression of quantitative characters is governed by non-additive gene 

action (dominance and epistatic gene action). 

o Transgressive segregants are not possible in case of qualitative or oligogenic inheritance. 

o Qualitative characters exhibit high transmission because there is limited difference 

between the genotype and phenotype of such characters. 

 

Multiple factor hypothesis / Inheritance of quantitative characters 

 The inheritance of quantitative characters was first explained by Yule (1906). In 1908, 

Nilson and Ehle presented experimental evidence to support the hypothesis of Yule. He studied 

the inheritance of seed colour in wheat and Oat. The F2 generations from various crosses had red 

and white colour in the ratios of 3 : 1, 15 : 1 and 63 : 1. So from these ratios, it become clear that 

seed colour in these crosses was governed by one, two or three genes, respectively. However, on 

closer examination of the colored seeds, Nilsson-Ehle found marked difference in the intensity of 

their colour. On the basis of intensity of their red colour, he further classified dihybrid ratio of 

15:1 into 1:4:6:4:1 (Figure). 
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Parents : R1R1R2R2 

Dark Red 
X 

r1r1r2r2 

White 

Gametes : R1R2  r1r2 

  

 

  

F1 : R1r1R2r2  

                      (Medium Red)          selfing 

  

Gametes: R1R2            R1r2                 r1R2                  r1r2 

     F2 : 

♀\♂ R1R2 R1r2 r1R2 r1r2 

R1R2 R1R1R2R2 

Dark Red 

R1R1R2r2 

Medium Dark Red 

R1r1R2R2 

Medium Dark Red 

R1r1R2r2 

Medium Red 

R1r2 R1R1R2r2 

Medium Dark Red 

R1R1r2r2 

Medium Red 

R1r1R2r2 

Medium Red 

R1r1r2r2 

Light Red 

r1R2 R1r1R2r2 

Medium Dark Red 

R1r1R2r2 

Medium Red 

r1r1R2R2 

Medium Red 

r1r1R2r2 

Medium Red 

r1r2 R1r1R2r2 

Medium Red 

R1r1r2r2 

Light Red 

r1r1R2R2 

Light Red 

r1r1r2r2 

White 

 Inheritance of seed colour in Wheat 

F2 Phenotypic ratio :  

Phenotypes : Ratio 

Dark Red : 1 

Medium Dark Red : 4 

Medium Red : 6 

Light Red  : 4 

White : 1 

 

According to multiple factor hypothesis, inheritance of seed colour in this cross showing 

1 : 4 : 6 : 4 : 1 ratio in F2 may be explained as follow : 

1) Seed colour in wheat is governed by two genes, R1 and R2 (positive alleles), r1 and r2 

being the negative alleles of these genes. 

2) The two parents having genotypes R1R1R2R2 and r1r1r2r2 will produce the gametes R1R2 

and r1r2 respectively, which will unite to give rise R1r1R2r2 genotype in F1. 

3) Since F1 seeds have only two positive alleles, their colour will be intermediate between 

those of the two parents, i.e. medium red. 
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4) In the F2 generation of this cross as given in the above table, the multiple factor 

hypothesis is able to explain the 1: 4: 6: 4: 1 ratio for seed colour in wheat.  

 

Explanation of 1: 4: 6: 4: 1 ratio in relation to the number of dominant alleles present in 

genotype of different individuals F2 generation. 

Genotype Frequency No. of dominant 

alleles 

Phenotype Frequency 

R1R1R2R2 1 4 Dark Red 1 

R1R1R2r2 

R1r1R2R2 

2 

2 

3 Medium Dark 

Red 

4 

R1r1R2R2 

R1R1r2r2 

r1r1R2R2 

4 

1 

1 

2 Medium Red 6 

R1r1r2r2 

r1r1R2r2 

2 

2 

1 Light Red 4 

r1r1r2r2 1 0 White 1 

 

MULTIPLE FACTOR HYPOTHESIS: Continuous variation of the characters is controlled by 

polygene with no dominance and here each of the genes having small, similar and cumulative 

effect. This is the essence of the multiple factor hypothesis. 

Linkage and crossing over : 

Linkage  : The tendency of two or more genes to stay together during inheritance is known as 

linkage. 

Linkage groups : 

A group of genes, which are present in one chromosome OR All genes which are located in one 

chromosome constitute one linkage group. 

 Maximum number of linkage group = Haploid number of an organism.    Example : 4 

linkage group in Drosophilla (2n=8) and 23 in man (2n=46) 

 Linked genes do not shown independent segregation was first reported by Bateson and 

Punnet in 1905 in pea. 

 Effect of linkage is clearly noticeable in test cross generation. 

 The frequency of parental character combinations are more than expected, while 

new character combinations are relatively lower. 

 

Main features of linkage : 

1. Linkage involves two or more genes which are located in the same chromosome in a liner 

fashion. 

2. Linkage may involve either dominant genes or recessive genes or some dominant and 

some recessive genes. 

3. Linkage usually involves those genes which are located closely. 
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4. Presence of linkage leads to higher frequency of parental types than recombinants in a 

test cross progeny. When two genes are linked the segregation ratio of a test cross 

progeny deviates significantly from the 1 : 1 : 1 :1 ratio. 

5. Linkage may involve either two or more desirable traits or all undesirable traits or some 

desirable and some undesirable traits. 

6. Linkage is observed for both oligogenic traits as well as polygenic traits. However, it is 

more common for the former than latter. 

7. Besides pleiotropy, linkage is an important cause of genetic correlation between various 

plant characters. 

8. The strength of linkage depends on the distance between the linked genes. Lesser the 

distance higher the strength and vice versa. 

9. If crossing over does not occur, all the genes located in one chromosome are expected to 

be inherited together. Thus the maximum number of linkage groups in an organism is 

equal to its haploid chromosome number. 

10. Linkage can be broken by repeated intermating of randomly selected plants in 

segregating populations for several generations. 

Types of linkage 

There are two types of linkage phase 

1. Coupling phase 

2. Repulsion phase 

 Coupling phase  Repulsion phase  

1.  Linkage either between dominant (AB) or 

between recessive (ab) genes  

Linkage between dominant and recessive 

allele  

2.  Parental types : AB, ab  

Recombinant types : Ab, aB  

Parental types : Ab, aB  

Recombinant types : AB, ab  
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Types of linkage : 

Linkage is classified on the basis of three criteria 

 Presence or absence of  crossing over 

 Genes involved 

 The chromosome involved 

Based on crossing over : 

1. Complete linkage : 

1. The linkage in which crossing over does not occur is known as complete linkage 

or absolute linkage. 

2.  In this situation only parental types are obtained from the test cross progeny 

 

2. Incomplete linkage : 

1. If some frequency of crossing over occur between linked genes, it is known as 

incomplete linkage 

2. In this situation, recombinants are observed in the test cross progeny along with 

parental combination  

Based on genes involved  

1. Coupling linkage : It refers to linkage either between dominant genes or between 

recessive genes 

2. Repulsion linkage : It refers to linkage of some dominant genes with some recessive 

genes 

Based on the chromosome involved  

1. Autosomal linkage : it refers to linkage of such genes, which are located in other than 

sex chromosomes 

2.   :  It refers to the linkage of genes which are located in sex chromosomes 

 

Significance or practical utility of linkage : 

1. Effect of selection : Linkage between two or more loci controlling different desirable 

character is advantageous for a plant breeder, because desirable alleles comes more 

frequently in segregating population than would be expected with independent 

assortment. Linkage is undesirable when desirable gene is linked with undesirable gene. 

2. Effect on genetic variance : The estimates of genetic variance for quantitative characters 

are greatly influenced by presence of linkage. 

3. Effect of genetic correlation :  The linked characters showed high values of genetic 

correlation and coheritability  

 

Crossing over : 

Crossing over refers to the exchange of chromosomal segment between non sister chromatids of 

homologous chromosomes during meiotic prophase. 

 The term crossing over was first used by Morgan and Cattell in 1912 
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Main features of crossing over : 

1. Crossing over take place during meiotic prophase, i.e., during pachytene.   

2. Crossing over occurs between non-sister chromatids. Thus one chromatid from each of 

the two homologous chromosomes is involved in crossing over. 

3.  It is universally accepted that crossing over takes place at four strand stage. 

4. Each crossing over involves only two of four chromatids of two homologous 

chromosomes. However, double or multiple crossing over may involve all four, three or 

two of the four chromatids, which is very rare.    

5. Crossing over leads to recombination or new combinations between linked genes. 

Crossing over generally yields two recombinant types or crossover types and two parental 

types or non-crossover types. 

6. Crossing over generally leads to exchanges of equal segments of genes and 

recombination is always reciprocal. However, unequal crossing over has also been 

reported. 

7. The value of crossover or recombinants may vary from 0-50%. 

8. The frequency of recombinants can be worked out from the test cross progeny. It is 

expressed as the percentage ratio of recombinants to the total population (recombinants + 

parental types ) Thus, 

 Crossingover frequency (%) = No. of recombinants  X 100 

                                                             Total progeny 

 

 Linkage Crossing over 

1.  It keeps the genes together  It leads to separation of linked genes.  

2.  It involves individual chromosome.  It involves non-sister chromatids of 

homologous chromosomes.  

3.  Linkages groups can never be more than 

haploid chromosome number.  

Frequency of crossing over can never 

exceed 50%.  

4.  It reduces variability.  It increases variability by forming new 

gene combinations.  

5.  It do not provides equal frequency of 

parental and recombinant types in test 

cross progeny  

It provides equal frequency of parental 

and recombinant types in test cross 

progeny  

 

Types of crossing over : 

Single crossing over  

 It refers to formation of single chiasmata between non sister chromatids of homologous 

chromosomes. 

 Such cross over involves only two chromatids out of four 

Double crossing over  

 It refers to formation of two chiasmata between non sister chromatids of homologous 

chromosomes. 

 Such cross over involves either two strand or three or all the four stands 



 28 

Significance of crossing over : 

1. Creation of variability : Crossing over leads to recombination, which is responsible for 

creation of genetic variation. 

2. Locating genes : Crossing over is a useful tool for locating genes in the chromosomes. 

Linkage map :  Crossing over plays an important role in the preparation of chromosome maps 

or linkage maps. It provides information about frequency of recombination and sequences of 

genes located on the chromosomes. 

 

 

 

MUTATION BREEDING: 

Mutation refers to sudden heritable change in the phenotype of an individual.  

Thus mutation occurs in two main ways: (1) by alteration in nuclear DNA (point mutation) 

     (2) by change in cytoplasmic DNA (cytoplasmic 

mutation) 

The best example of useful mutation is cytoplasmic male sterility. 

 Types of mutations: Mutation do occur in nature (spontaneous mutation) and artificially 

induced by various mutagenic agents (induced mutation) 

1. Macro mutations: distinct morphological change s in phenotype .found in qualitative 

characters hence called oligogenic mutation. 

2. Micro mutations: invisible phenotypic changes. Observed in quantitative characters and 

hence called polygenic mutation.  

Depending upon the effect on the survival of an individual, induced mutations are of 

four types. 

(1) Lethal (all the individuals carrying such mutations are killed) 

(2) Sub-lethal (mortality is more than 50 %) 

(3) Sub-vital (mortality is less than 50 %) 

(4) Vital (all mutants survive) 

 

 Mutagens and their mode of action: 

Mutagens are of two types (1) Physical mutagens 

           (2) Chemical mutagens 

 Physical Mutagens: Physical mutagens include various types of radiation viz; X-rays, 

gamma rays, alpha  particles, beta particles, fast and thermal (slow) neutrons and ultra 

violet rays. 

(1) X-rays: X-rays were first discovered by Roentgen in 1895.They are sparsely ionizing 

and highly penetrating. Xrays can break chromosome and produced all types of 

mutations in nucleotides.x-rays were first used by Muller in 1927 for induction of 
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mutations in Drosophila. In plants, Stadler in 1928 first used X-rays for induction of 

mutations in barley. Now X-rays are commonly used for induction of mutations in 

various crop plants. 

(2) Gamma rays: Gamma rays are identical to X-rays in most of the physical properties 

and biological effects. But gamma rays have shorter wave length than x-rays and are 

more penetrating than X-rays. Gamma rays cause chromosomal and gene mutation. 

(3) Alpha particles: Alpha rays are composed of alpha particles. They are made of two 

protons and two neutrons and thus have double positive charge. Alpha  particles lead 

to both ionization and excitation resulting in chromosomal mutations. 

(4) Beta particles: Beta rays are composed of beta particles. They are sparsely ionizing 

but more penetrating than alpha rays. Beta particles lead to both ionization and 

excitation resulting in chromosomal and gene mutations. 

(5) Fast and thermal neutrons: They are densely ionizing and highly penetrating. 

Effectively used for induction of mutations especially in asexually reproducing crop 

species 

(6) Ultra violet rays: UV rays are non ionizing radiations, which are produced from 

mercury vapour lamps or tubes. They are also present in solar radiation. UV rays can 

penetrate one or two cell layers. Because of low penetrating capacity. They are 

commonly used for radiation of micro organisms like bacteria and viruses. 

 Chemical mutagens: There is a long list of chemicals which are used as mutagens.The 

chemical mutagens can be divided in four groups, viz; (1) Alkylating agents (2) Base 

analogues (3) Acridine dyes (4) Others. 

(1) Alkylating agents: This is the most powerful group of mutagens. They induce 

mutations especially at various position in DNA. The alkylating agents include, ethyl 

methane sulphonate (EMS), methyl methane sulphonate (MMS), ethyl ethane 

sulphonate (EES) and ethyl emines(EI). 

(2) Base analogues: Base analogues refers to chemical compounds which are very 

similar to DNA bases. They can cause mutation by wrong base pairing. The most 

commonly used base analogues are 5 bromo uracil (5BU) and 2 amino purine (2AP). 

(3) Acridine dyes: Acridine dyes are very effective mutagens. Acridine dyes includes 

proflavin, acridine orange, acridine yellow, acriflavin and ethidium bromide. Out of 

those, proflavin and acriflavin are in common use for induction of mutation. 

Proflavin  is generally used for induction of mutation in bacteriophases  and 

acriflavin is used for bacteria and higher organisms. 

(4) Others mutagens:  Other important chemical mutagens are nitrous acid and 

hydroxylamine. Nitrous acid is a powerful mutagen. All the chemical mutagens 

except base analogues are known as DNA modifiers. 

 

 PROCEDURE OF MUTATION BREEDING: 

1. Choice of material: the best adapted variety of a crop should be chosen for 

mutagenesis, because such variety has all acceptable agronomic features. 
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2. Choice of mutagen: The choice of mutagen depends upon the plant parts to be treated. 

Generally, chemical mutagens are more preferred for seed treatment and radiations for 

the treatment of vegetative parts, because ionizing radiations can easily penetrate the 

vegetative tissues. 

3.  Mutagenic treatment: The procedure of mutagenic treatment takes three things into 

account: 1. Plant species 2. Dose of mutagen. 3. Duration of treatment. 

4. Handling of treated material: 

 Seed propagated species: 

1. M1 generation 

2. M2 generation 

3. M3 generation 

4. M4 generation 

5. M5 - M9 generation 

 Vegetatively  propagated species: 

1. VM1 generation 

2. VM2 generation 

3. VM3 generation 

4. VM4 generation 

5. VM5 - VM9 generation 

 

 Application s in crop improvement: 

1. Development of improved varieties 

2. Induction of male sterility 

3. Production of haploids 

4. Creation of genetic variability 

5. Overcoming self incompatibility 

6. Improvement in adaptation 

 Practical achievements: 

 Among seed propagated crops, the maximum mutant varieties have been 

developed in the world, 278 in rice, 229 in barley and 113 in wheat. 

Country wise maximum mutant varieties have been released in seed 

propagated species in China (281), followed by India (116), USSR (82), 

Japan (65), Germany (58) and USA (44). 

  In India, 116 mutant varieties have been developed out of them 24 in rice, 

12 in barley, 8 in cotton and 8 in ground nut. 

  In seed propagated species mutant varieties have been developed by   X-

rays-66, Gamma rays-393, Ultra violet rays-1, EMS-25 etc. 

  High yielding varieties have been developed through mutation breeding in 

some crop plant in India. In barley (DL 253), chickpea (Pusa 408, Pusa 

417), cowpea (V-16, V-37, V-38, V-240), groundnut (Co2, TG-17), 

mungbean (ML 26-10-3), okra (MDU-2), tomato (PKM-10 and sorghum 

(Co21). 
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 Advantages:  

1. Induced mutagenesis is used for the induction of cytoplasmic male sterility. 

Ethidium bromide (EB) has been used for induction cytoplasmic male sterility in 

pearl millet and barley. 

2. Mutation breeding is a cheap and rapid method of developing new varieties as 

compared to backcross, pedigree and bulk breeding methods. 

3. Mutation breeding is more effective for the improvement of qualitative characters 

such as disease resistance than polygenic traits. 

4. Mutation breeding is the simple, quick and best way when a new character is to be 

induced in vegetative propagated crops.  

 

 Limitations:  

1. Most of the mutations are deleterious (harmful)  and undesirable. 

2. Identification of micro-mutations, which are more useful to a plant breeder, is 

usually very difficult. 

3. Since useful mutations are produced at very low frequency (0.1%), a very large 

plant population has to be screened to identify and isolate desirable mutants. 

4. Mutation breeding has limited scope for the genetic improvement of quantitative 

or polygenic characters. 

Nucleic acid as Genetic material 

o There are two types of genetic materials – DNA & RNA.  

o Nucleic acid found in the cells of all living organisms 

o DNA found in chromosomes (Nucleus), whereas RNA mostly found in the ribosomes 

(cytoplasm)   

o DNA is the genetic materials of all living organisms (Bacteria, animals, higher plants, 

human being), whereas RNA is the genetic material of some of viruses 

o Nucleic acid – First isolated by Miescher (1871) and it was known as nuclein, but later on 

in 1899 Altmann used the term nucleic acid for nuclein  

 

Difference between DNA and RNA  

Particulars  DNA  RNA  

Strands  Usually two, Rarely one  Usually one, Rarely two  

Sugar  Deoxyribose  Ribose  

Bases  Adenine, Guanine, Cytosine and 

Thymine  

Adenine, Guanine, Cytosine and Uracil  

Pairing  AT and GC  AU and GC  

Location  Mostly in chromosomes, some in 

mitochondria and chloroplast  

In chromosomes and ribosomes  

Replication  Self replicating  Formed from the DNA. Self replicating 
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in some form of viruses  

Size  Contain 4.3 million nucleotides  Contain 12000 nucleotides 

Functions  Genetic code  Protein synthesis, genetic in some 

viruses  

Types  Several forms   Three types :  mRNA, tRNA and rRNA  

 

Structure of DNA 

The molecular model of the DNA structure was proposed by Watson and Crick in 

1953.This model was universally accepted and because of that contribution they got Noble prize 

in 1958. 

Main features of the model (Double helical model) 

o The DNA has a double helical structure. Each DNA molecules consist of two strands of 

the DNA which are spirally arranged in clock-wise direction 

o Each strand consists of deoxyribose sugar and phosphate group arranged in alternate 

fashion 

o Two strands are connected by purines and pyrimidine bases 

o A combination of deoxyribose sugar and nitrogenous base is known as nucleoside 

o A combination of nucleoside and phosphate is known as nucleotide 

o Total 10 nucleotides are there per turn. Thus each nucleotide consist of 3.4
0
 

 Nucleoside = Deoxyribose sugar + nitrogenous base 

 Nucleotide = Deoxyribose sugar + nitrogenous base + phosphate 

o A combination of several nucleotide leads to formation of polynucleotide chain. Which 

consist thousands pairs of nucleotide monomers 

o Total number of purines are always equal to number of pyrimidines  

 A + G = C + T 

o Base paring between purines and pyrimides taken place in a definate fashion 

o Adenine always pair with Thymine and Guanine with cytosine 

o Adenine are joined with Thymine by double hydrogen bond 

o Guanine are joined with cytosine by triple hydrogen bond 

o These bonds are weaker in nature, that will help DNA in separation of strands during 

replication 

o The width of the DNA molecules is 2 nm and in one turn of two strands is completed in 

3.4 nm 

 

Nitrogenous bases of DNA : 

o Two types of nitrogenous bases : Purines and Pyrimidines  

Pyrimidines –  

o Single ring structure 

o Three types – Cytosine, Thymine and Uracil  

o Cytosine and Thymine founds in DNA and Cytosine and Uracil in RNA 

Purines –  
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o Double ring structure 

o Both in DNA and RNA – Adenine and Guanine 

Base paring – In DNA the pairing between purines and pyrimides taken place in a definite 

fashion 

o Adenine always pair with Thymine and Guanine with cytosine 

o Adenine are joined with Thymine by double hydrogen bond 

o Guanine are joined with cytosine by triple hydrogen bond 

o These bonds are weaker in nature, that will help DNA in separation of strands during 

replication 

 

 
 

Watson and Crick model (Double helical structure of DNA) 
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Base pairing in double stranded DNA : 

 

 

Functions of the DNA : 

o DNA (Deoxyribose nucleic acid) is the act as the genetic material of majority of living 

organisms like in prokaryotes, eukaryotes and some of the viruses. 

o DNA is the genetic code, which ensures that daughter cells inheritate the same 

characteristics as the parent cells 

o DNA is the code from which all protein is synthesized 
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Protein synthesis: 
Transcription: 

o The process of synthesis of messenger RNA (mRNA) from a DNA template is known as 

transcription. 

o The mRNA is synthesized only from one strand of DNA in the presence of RNA 

polymerase enzyme. 

o The RNA polymerase which catalyses the synthesis of RNA from a DNA template is 

called transcriptase. 

This process can be represented as under: 

Transcriptase 

DNA                              mRNA 

Transcription 

 

The process of transcription consists of three main steps: 

1. Initiation of transcription. 

2. Elongation of RNA. 

3. Termination of RNA chain.  

Reverse Transcription: 

o It was first reported by Temin and Baltimore in 1970 for which they got nobel prize in 

1975. 

o It is also known as Teminism. 

o Reverse transcription means synthesis of DNA from RNA in the presence of DNA 

polymerase. 

o DNA polymerase is also known as reverse transcriptase. 

o It is reported in certain tumor producing viruses. 

 

                                 Reverse Transcriptase            Translation 

                     RNA                       DNA   Protein 

                                 Reverse Transcription 

Translation: 

o The process of protein synthesis from information in mRNA is known as translation. 

Reverse Translation 

                       RNA              Protein 

o  The translation process requires mRNA, rRNA, ribosones, 20 amino acids  kinds of the 

process of  translation consists of five major steps: 

 

1. Activation of amino acids 

2. Transfer of amino acids to tRNA  

3. Chain initiation 

4. Chain elongation 

5. Chain termination 
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Fine structure of Gene 

Classical Vs Modern concept of Gene: 

 Classical concept of gene  Modern concept of gene  

1  According to this concept, the 

term factors for genes and 

reported that factors were 

responsible for transmission of 

characters.  

According to this concept, a gene is a 

sequence of nucleotides in DNA which 

controls a single polypeptide chain.  

2  The gene is considered as a basic 

unit of change or mutation, it 

changes form to another, but there 

are no smaller components within 

a gene that can change.  

The different mutations of a gene may be due 

to change in single nucleotide at more than 

one location in the gene.  

3  The gene is viewed as a 

fundamental unit of structures, 

indivisible by crossing over. 

Crossing over occurs between 

genes but not within a gene.  

Crossing over can take place between the 

altered nucleotides within a gene.  

o It was considered earlier that gene is the basic unit of function and parts of gene, if exist, 

cannot function. 

o But based on studies on rll locus of T4 phase, Benzer (1955) concluded that there are 

three sub divisions of a gene, viz, recon, mutton and clstron.  

Recon: 

o Recons are the regrons (units) within a gene between which recombinations can occur, 

but  the recombination cannot occur within a recons. 

 

 

Muton: 

o It is the smallest element within a gene, which can give rise to a mutant phenotype or 

mutation. 

o This indicates that part of a gene can mutant or change. 

Cistron :  

o It is the largest element within a gene.  This is the unit of function. 
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