
 

Biology Instant Notes,  for www.hsslive.in , by: M. M. Muhiyudeen, #- 9846 29 22 27  36 36 

 

 

 

 
 

   

 5. PRINCIPLES OF INHERITANCE & VARIATION
 Inheritance: Transmission of characters from parents to 

progeny.  

 Heredity: Resemblance b/w offspring and their parents. 

 Variation: Difference between parents and offspring. 

 Genetics: Study of heredity and variation.  

 
 

   MENDEL’S LAWS OF INHERITANCE  
 Gregor Mendel set-up a basic framework of rules governing 

inheritance, therefore known as Father of genetics. 

 He conducted hybridisation experiments on garden peas. 
 

Mendel selected 7 pairs of true breeding pea varieties:-                                                                                

Characters  Dominant Recessive 

1. Stem height  Tall  Dwarf 

2. Flower colour  Violet White 

3. Flower position  Axial Terminal 

4. Pod shape  Inflated Constricted 

5. Pod colour  Green Yellow 

6. Seed shape  Round Wrinkled 

7. Seed colour  Yellow Green 
 

 

TERMS USED IN MENDELIAN GENETICS 

 Alleles: The alternative forms of a gene.  

 Homozygous: The condition in which chromosome carries similar 

alleles for a character. 

 Heterozygous: The condition in which chromosome carries 

dissimilar alleles for a character.  

 Dominant character: The character which is expressed in 

heterozygous condition. 

 Recessive character: The character which is suppressed in 

heterozygous condition. 

 Phenotype: Physical (visible) expression of an individual. 

 Genotype: Genetic make-up of an individual.  

 Punnett square: A grid that enables to calculate the probability 

of all possible genotypes of offspring in a genetic cross.  

 Cross: Deliberate mating of 2 parental types. 

 Backcross and Testcross 

 Backcross: Crossing of F1 hybrid with its any of parent. 

 Testcross: Crossing of an F1 hybrid with its recessive parent. It  

     is used to find out the unknown genotype.  

 
 

Monohybrid Cross 
Monohybrid cross: A cross involving 2 plants differing in one 

character pair.  

E.g. Mendel crossed tall and dwarf pea plants to study the 

inheritance of one gene. 

 
Result:- 

Phenotypic ratio= 3 Tall: 1 Dwarf 

Genotypic ratio= 1 TT: 2 Tt: 1tt 

 

Mendel’s Principles/ Laws of Inheritance:- 
1

st
 -Law of Dominance 

“When a pair of contrasting characters combines, only one is 

expressed (dominant character) and the other remains hidden 

(recessive character)”. 
 

2
nd

 -Law of Segregation 
“During gamete formation, the factors (alleles) of a character 

pair present in parents do not mix each other, but separate and 

segregate from each other such that a gamete receives only one of 

the 2 factors”. 

Dihybrid cross 
Dihybrid cross: A cross between two parents differing in 2 pairs 

of contrasting characters. 

E.g. Cross b/w pea plant with round shaped & yellow coloured 

seeds (RRYY) and wrinkled shaped & green coloured seeds 

(rryy). 

 
Result:- 

Phenotypic ratio=  9:3:3:1 

Dihybrid genotypic ratio= 1:2:1:2:4:2:1:2:1 
 

3
rd

 - Law of Independent Assortment: 

“When more than one pair of characters are involved in a cross, 

factor pairs independently segregate (separate) from the other 

pair of characters’. 
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NON-MENDELIAN INHERITANCE 

 These are inheritance which do not obey Mendelian laws 

1. Incomplete Dominance 
- It is an inheritance in which heterozygous offspring shows   

  intermediate character b/w two parental characteristics. 

 E.g. Flower colour in snapdragon (Antirrhinum sp.)  
-   

 
Result:- 

Phenotypic ratio= 1 Red: 2 Pink: 1 White 

Genotypic ratio= 1 (RR):2 (Rr):1(rr) 
 

2. Co-dominance 
- It is the inheritance in which both alleles of a gene are expressed  

  in a hybrid. 

E.g. ABO blood grouping in human. 

When I
A 

and I
B
 are present together they both express their own 

types of sugars. This is due to co-dominance. 
 

3. Multiple allelism 
- It is the inheritance in which more than 2 alleles govern the 

same character.  

E.g. ABO blood grouping (3 alleles: I
A
, I

B
 & i). 

 

4. Pleiotropy 
- It is the inheritance in which a single gene governs multiple 

phenotypic expressions. Such a gene is called pleiotropic gene. 

E.g. Starch synthesis in pea seeds, phenylketonuria 
 

5. Polygenic Inheritance 

- It is the inheritance in which traits are controlled by 3 or more 

genes. 

E.g. Human skin colour, human height. 
 
 

CHROMOSOMAL THEORY OF 

INHERITANCE 
 Mendel’s work  remained unrecognized till 1900 because, 

1. Communication was not easy. 

2. His concept of genes (factors) as stable and discrete units  

     was not accepted. 

3. His mathematical approach was new and unacceptable. 

4. Mendel could not provide any physical proof for the  

     existence of factors. 

 In 1900, de Vries, Correns & von Tschermak independently 

rediscovered Mendel’s results. 
 

 Chromosomal Theory (1902): Theodore Boveri studied the 

chromosomal movement during meiosis. He noted that the 

behaviour of chromosome were parallel to the behaviour of 

genes. Walter Sutton united chromosomal segregation with 

Mendelian principles and called it the chromosomal theory of 

inheritance. 
     

 T.H Morgan proved chromosomal theory of inheritance using 

fruit flies (Drosophila melanogaster). 

It is the suitable material because- 

a. Short generation time (life cycle: 12-14 days)  

b. Hundreds of progenies per mating. 

c. They can grow on simple synthetic medium. 

d. Male and female flies are easily distinguishable. 

e. It has many types of hereditary variations that can be seen with  

    low power microscopes. 
 

 

Linkage and Recombination 
 Linkage: Physical association of 2 or more genes on a 

chromosome. They do not show independent assortment. 

 Recombination: It is the generation of non-parental gene 

combinations. 
 

Morgan carried out several dihybrid crosses in Drosophila to 

study sex-linked genes.  
 

Morgan’s Conclusion- 
 As distance between gene     , linkage    , possibility to cross over    , 

non-parental trait     
(i.e., loosely linked genes show high recombination) 
 

 As distance between gene    , linkage    , possibility to cross over    , 
parental trait    (i.e., tightly linked gene show low recombination) 
 

 Genetic map: Linear graphic representation of the sequence 

and relative distances of the genes present in the chromosome. 

- Alfred Sturtevant constructed the first genetic map. 
 

SEX DETERMINATION 
 Chromosome is the main factor determining the sex of an 

organism.  
 

There are 2 types of choromsomes- 

1.  Autosomes are chromosomes determining the somatic 

characters of an individual.   

2.  Sex chromosomes are the chromosomes which involve in sex 

determination. 
 

Mechanism of sex determination 
 

Mechanism Male Female Example 
XY type XY XX Human, 

Drosophila 

XO type X0 XX Grasshopper 
ZW type ZZ ZW Birds 

Haplo-diploid Haploid Diploid Honey bee 
 
 

 
 

MUTATION 
 It is a sudden heritable change in DNA sequences resulting in 

changes in the genotype and the phenotype of an organism. 

The factors which induce mutation are referred to as Mutagens. 

o Frame-shift mutation: Loss (deletions) or gain (insertion/ 

duplication) of a DNA segment. 

o Point mutation: Mutation due to change in a single 

basepair of DNA. E.g. Sickle cell anemia 
  

PEDIGREE ANALYSIS 
It is analysis of inheritance of a particular trait through several 

generations in a family (pedigree). 
 

Symbols used in the pedigree analysis:- 
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Genetic Disorders 
2 types: Mendelian disorders and Chromosomal disorders. 

1. Mendelian Disorders 
 Caused by alteration or mutation in the single gene. 

 The pattern of inheritance of Mendelian disorders can be 

traced in a family by the pedigree analysis. 

E.g. Haemophilia, Cystic fibrosis, Sickle-cell anaemia, 

Colour blindness, Phenylketonuria, Thalesemia, etc. 
 

 Mendelian disorders may be dominant or recessive.
     
                              
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Chromosomal disorders 

 Caused due to absence or excess or abnormal arrangement of 

one or more chromosomes. 2 types: 

a. Aneuploidy: The gain or loss in a subset of chromosomes due 

to failure of segregation of chromatids during cell division. 

It includes, 

 Monosomy (2n-1): One chromosome is lost from diploid set.  

 Trisomy (2n+1): One chromosome is added to diploid set.  
 

Examples for chromosomal disorders 
Chromosomal 

disorder 

Karyotype/ 

Genetic constitution 
Phenotype 

Down’s syndrome 

 

(Described by 

Langdon Down) 

45 A + XX / 45 A + XY 

(trisomy of chromosome 21) 

 Retarded physical, psychomotor and mental 

development 

 Short statured with small round head & broad flat 

face 

 Big & wrinkled tongue and partially open mouth 

 Palm is broad with characteristic palm crease. 

Many loops on finger tips. 

 Inborn heart disease 

Klinefelter’s 

syndrome 

44 A + XXY 

(presence of an additional 

copy of X-chromosome in 

male) 

 Sterile (immature testes & sex glands) 

 Tall stature with masculine development  

 Gynaecomastia (development of breast)  

Turner’s 

syndrome 

44 A + XO 

(missing of one X 

chromosome in female) 

 Sterile (Poorly developed ovaries & sex glands) 

 Poor feminine character  
 

 

b. Polyploidy (Euploidy): It is an increase in a whole set of  

chromosomes due to failure of cytokinesis after telophase  

stage of cell division. 

Mendelian 

Disorder 
Symptoms Cause Features 

Haemophilia 
A simple cut results in 

non-stop bleeding. 
 A protein involved in the blood 

clotting is affected. 

 Sex linked recessive disease. 

 The heterozygous female (carrier) for haemophilia 

transmit the disease to sons. 

Colour 
blindness 

Failure to discriminate 

b/w red and green 

colour. 

 Defect in certain genes present 

in the X chromosome. 

 Sex-linked recessive disorder 

 The males are more affected. 

Sickle-cell 
anaemia 

Under low O2, shape 

of the RBC change 

into sickle structure.  

- The substitution of Glutamic 

acid (Glu) by Valine (Val) at 

the 6
th

 position of the β- 

globin chain of the Hb. 

 Autosomal recessive trait. 

 It can be transmitted from parents to the offspring when 

both the partners are carrier (or heterozygous). 

 The disease is controlled by a pair of allele, Hb
A
 and Hb

S
. 

Homozygous dominant (Hb
A
Hb

A
): normal 

Heterozygous (Hb
A
Hb

S
): carrier; sickle cell trait 

Homozygous recessive (Hb
S
Hb

S
): affected 

Phenyl-
ketonuria 

- Mental retardation   
-Phenylalanine   

  excreted through  

  urine. 

 Lack of the enzyme 

phenylalanine hydroxylase 

that converts the amino acid 

phenylalanine into tyrosine. 

As a result, phenylalanine 

accumulates and converts into 

phenyl pyruvic acid which 

accumulate in brain. 

  Autosomal recessive disorder (single gene mutation). 

  An inborn error of metabolism. 

 

Thalassemia Anaemia 

 Due to either mutation or 

deletion which results in 

reduced rate of synthesis of one 

of the globin chains ( and  

chains) that leads to formation 

of abnormal Hb. 

 Autosomal  recessive disorder 

 Blood disease transmitted from parents to the offspring 

when both the partners are unaffected carrier for the gene 

(or heterozygous). 

 2 types- and 


