
CHAPTER-1
REPRODUCTION IN ORGANISMS

Revision Notes

Asexual Reproduction

Life Span

¾¾ Life span is the period from birth to the natural death of an organism.
¾¾ It is not necessarily correlated with the sizes of the organisms.
¾¾ No individual is immortal, except single-celled organisms
¾¾ Life spans of some organisms are tabulated below:

S.No. Organism Lifespan

1. Banana Tree 25 years

2. Cow 20-25 years

3. Parrot 140 years

4. Crocodile 60 years

5. Horse 60 years

6. Fruit Fly 30 days

7. Rice Plant 3-4 months

8. Tortoise 100-150 years

9. Banyan Tree 200-250 years

10. Elephant 20-90 years

11. Rose 5-7 years
12. Dog 10-13 years
13. Crow 15 years
14. Butterfly 1-2 weeks

15. Mango 150-200 years

Reproduction
¾¾ Reproduction is defined as a biological process in which an organism gives rise to young ones (offspring) similar 

to itself.
¾¾ The offspring grow, mature and in turn produce new offspring.

Advantages of Reproduction
(a) Reproduction enables the continuity of the species, generation after generation.
(b) Reproduction maintains life on the earth.
(c) Reproduction creates genetic variation among populations.
(d) Reproduction is a cycle of birth, growth and death.

Factors Responsible for the Reproduction
(a) The habitat of organisms.
(b) The internal physiology of organisms.
(c) The environmental conditions of organisms.

Types of Reproduction
Based on the participation of one organism or two in the process of reproduction, it is 
classified into two types namely:
(a) Asexual reproduction.
(b) Sexual reproduction.
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Asexual Reproduction

¾¾ When the offspring are produced by a single parent with or without the gamete formation, the reproduction is 
called asexual reproduction.
¾¾ In this method, a single individual (parent) is capable of producing offspring that are not only identical to one 

another but are also exact copies of their parent.
¾¾ The morphologically and genetically identical individuals of the same parents are called clone.
¾¾ Asexual reproduction is common among single-celled organisms.
¾¾ Asexual reproduction is the common method of reproduction in organisms having a simple organization like 

algae and fungi, as they shift to the sexual method of reproduction just before the onset of adverse conditions. 
¾¾ Since there is no variation, asexual reproduction does not contribute to the evolution of the species.
¾¾ In some, the organism or the parent cell divides into two to give rise to new individuals. Thus, in such organisms, 

cell division is itself a mode of reproduction. Example; Protists, Monerans.

Binary Fission

¾¾ In Amoeba and Paramecium, a cell divides into two halves and each rapidly grows into 
an adult by the process of binary fission.

Fig. 1.1: Binary fission in Amoeba

Budding

¾¾ In yeast and Hydra, the division is unequal and small buds are produced that remain 
attached initially to the par ent cell which, eventually gets separated and mature into 
new yeast organisms. The complex budded condition is known as the Torula stage.

Fig. 1.2: Budding in Yeast

Sporulation

¾¾ Sporulation occurs by tiny, single-celled, thin-walled spores which are resistant to environmental extremes, 
which form new individuals. It is commonly seen in organisms that belong to Monera, Protista, Fungi and Algae.
¾¾ Under unfavourable condition, the Amoeba withdraws its pseudopodia and secretes a three-

layered hard covering or cyst around itself. This phenomenon is known as encystation.
¾¾ During favourable conditions, the encysted Amoeba divides by multiple fission and 

produces many minute pseu dopodiospores.
¾¾ Later the wall of the cyst bursts and liberates these spores in the surrounding medium to 

grow up into individual Amoebae. This phenomenon is known as sporulation. 
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Fragmentation

¾¾ In some organisms, the body breaks into fragments and each fragment grows into an adult that can produce 
offspring. This mode of asexual reproduction is known as fragmentation.
¾¾ It is observed in Hydra.

Other Reproductive structures

¾¾ Members of the Kingdom Fungi and simple plants such as algae reproduce through special asexual reproductive 
structures as follows:

Asexual Reproductive Structures Examples

Zoospores Chlamydomonas

Conidia Penicillium

Budding Hydra

Gemmules Sponges

Fig. 1.3: Asexual Reproduction Structures in various organisms.

Characteristics of Asexual Reproduction

(a) A single parent is involved.
(b) Gametes are not formed.
(c) No fertilization.
(d) There is only mitotic cell division.
(e) Daughter organisms are genetically identical to the parent. 
(f) Multiplication occurs rapidly.

Vegetative Propagation

¾¾ The process of multiplication in which fragments of the plant body function as 
propagule and develop into a new individual is called vegetative propagation.
¾¾ In plants, the term ‘asexual’ is replaced by the term ‘vegetative reproduction or 

vegetative propagation’.
¾¾ In plants, the units of vegetative propagation such as runner, rhizome, sucker, tuber, offset and bulb are all ca-

pable of giving rise to new offspring. These structures are called vegetative propagules. 
¾¾ Since the formation of these structures does not involve two parents, the process involved is asexual reproduction.
¾¾ The vegetative propagules and the species involved are given as follows:

Vegetative Propagules Parts involved Plants

Bulb Stem Onion and Garlic

Bulbil Bulbil Agave, Lily and Dioscorea

Rhizome Stem Ginger, Banana, and Turmeric

Runner Stem Oxalis, Centella

Tuber or eyes Stem Potato

Offset Stem Water hyacinth, Pistia
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Leaf buds Leaves Bryophyllum

Suckers Stem Mint and Chrysanthemum

Corms Stem Colocasia, Crocus

Stolon Stem Jasmine

Bulbil of Agave

Offset of Water hyacinth

Offset
Swollen

Petiole

Adventitious

Roots

Root

Pocket

Fig. 1.4: Vegetative propagules in a various plants 

¾¾ The site of origin of the new plantlets arises from the stem of the plant at the nodes present in the modified stems 
of these plants.
¾¾ When the nodes come in contact with damp soil or water, they produce roots and new plants.
¾¾ Similarly, adventitious buds arise from the notches present at the margins of leaves of Bryophyllum.
¾¾ This ability is fully exploited by gardeners and farmers for commercial propagation.

Terror of Bengal

¾¾ The most invasive aquatic weed plant Eichhornia crassipes ‘water hyacinth’ is found growing wherever there is 
standing water.
¾¾ It drains dissolved oxygen from the water, which leads to the death of fishes.
¾¾ This plant was introduced in India because of its beautiful flowers and shape of leaves
¾¾ Since it can propagate vegetatively at a phenomenal rate and spread all over the water body in a short period of 

time, it is very difficult to get rid of them.

Sexual Reproduction

Sexual Reproduction

¾¾ It is an elaborate, complex and slow process.
¾¾ Sexual reproduction involves the formation of the male and female gametes, either by 

the same individual or by different individuals of the opposite sex.
¾¾ These gametes fuse to form the zygote which develops to form the new organism. 
¾¾ Due to the fusion of male and female gametes, sexual reproduction results in offspring 

that are not identical to the parents or amongst themselves.
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¾¾ The various organisms (like fungi, plants, animals) extremely differ in internal structure, 
external morphology and physiology but they have a similar mode of reproduction 
pattern.

Phases of Life Cycle

(a) Juvenile phase/Vegetative phase: Phase in which an individual prepares itself to 
undergo reproduction (Pre-reproductive period). It is known as a vegetative phase in 
plants.

(b) Reproductive phase: Phase in which an individual shows active 
reproductive behaviour.

(c) Senescence phase (End of reproductive phase and ageing): 
Phase in which the hormonal cycle beings to cease and the 
individual loses its ability to reproduce. The organism grows 
old and ultimately dies.

¾¾ In both plants and animals, hormones are responsible for the 
transitions between the three phases. 
¾¾ Interaction between hormones and certain environmental factors regulate the 

reproductive processes and the associated behavioural expressions of organisms.

Sexual Reproduction in Plants

¾¾ Both the annual and biennial plant types show clear cut vegetative, reproductive and 
senescent phases whereas, in the perennial species, it is very difficult to clearly define 
these phases. 
¾¾ The bamboo species flower only once in their life time, generally after 50-100 years, 

produce a  large number of fruits and die.
¾¾ Strobilanthes kunthiana (neelakurinji), flowers once in 12 years during September-

October. Its mass flowering transformed large tracks of hilly areas in Kerala, Karnataka 
and Tamil Nadu into blue stretches and attracted a large number of tourists. 

Sexual Reproduction in Animals

¾¾ Many mammals, especially those living in natural, wild conditions exhibit cyclic changes in reproduction only 
during favourable seasons in their reproductive phase and are therefore called seasonal breeders.
¾¾ Many other mammals are reproductively active throughout their reproductive phase and hence are called 

continuous breeders.
¾¾ Birds living in nature lay eggs only seasonally but poultry birds (birds in captivity) are commercially exploited by 

making them lay eggs throughout the year.
¾¾ The females of placental mammals exhibit cyclic changes in the activities of ovaries and accessory ducts as well as 

hormones during the reproductive phase.
¾¾ In non-primate mammals like cows, sheep, rats, deer, dogs, tigers etc., such cyclic changes during reproduction 

are called oestrus cycle whereas in primates (monkeys, apes and humans) it is called the menstrual cycle.

Sexuality in Organisms

(a) Sexuality in plants
¾¾ Plants may have both male and female reproductive structures in the same plant (bisexual) or on different plants 

(unisexual).
¾¾ In several fungi and plants, homothallic and monoecious are used to denote the bisexual condition while 

heterothallic and dioecious are the terms used to describe unisexual conditions.
¾¾ In flowering plants, the unisexual male flower is staminate, i.e., bearing stamens, while the female is pistillate or 

bearing pistils.
¾¾ In some flowering plants, both male and female flowers may be present on the same individual (monoecious) or 

-on separate individuals (dioecious).
¾¾ Examples of monoecious plants include cucurbits and coconuts and-dioecious plants include papaya and date 

palm.
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Fig. 1.5: Sexuality in various plants

(b) Sexuality in animals
¾¾ Based on sexuality, animals are classified into two categories namely, unisexual and bisexual.
¾¾ When an animal possesses both the sexes with clear distinct male and female individuals, they are called 

unisexual animals. e.g., cockroach, dog etc.
¾¾ When an animal possesses both male and female reproductive organs in the same individual, they are called 

bisexual animals. e.g., earthworms, tapeworms, leech, sponge etc. These are also called hermaphrodites.

Fig. 1.6: Types of gametes

Cell Division During Gamete Formation

¾¾ Gametes are haploid, though the parent plant body from which they arise may be either 
haploid or diploid.
¾¾ A haploid parent produces gametes by mitotic division. Organisms of monera, fungi, 

algae and bryo phytes have haploid plant body.
¾¾ In organisms belonging to pteridophytes, gymnosperms, angiosperms and most of the 

animals including human beings, the parental body is diploid. 
¾¾ The reduction division, meiosis, has to occur if a diploid body has to produce haploid gametes.
¾¾ In diploid organisms, specialized cells called meiocytes(gamete mother cells) undergo meiosis. At the end of 

meiosis, only one set of chromosomes get incorporated into each gamete.
Chromosome numbers in meiocytes (diploid, 2n) and gametes (haploid, n) of some of the organisms are tabulated 
as follows:

Name of the organism Chromosome number in  
meiocyte (2n)

Chromosome number in  
gamete (n)

Human beings 46 23
Housefly 12 6
Rat 42 21
Dog 78 39
Cat 38 19
Fruit fly 8 4
Ophioglossum (a fern) 1260 630
Apple 34 17
Rice 24 12
Maize 20 10
Potato 48 24
Butterfly 380 190
Onion 32 16
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(B) The Fertilisation Events
¾¾ The most vital event of sexual reproduction is the fusion of gametes. The process of fusion of gametes is known 

as syngamy.
¾¾ It results in the formation of a diploid zygote.
¾¾ In some organisms like rotifers, honeybees and some lizards and birds (turkey), the female gamete undergoes 

development to form new organisms without fertilisation. This phenomenon is called parthenogenesis.
¾¾ Parthenocarpy is the process by which a fruit develops without fertilisation, as a result, the fruit is seedless. 
¾¾ Based on the occurrence of syngamy, fertilisation can be classified into two types namely: External fertilisa tion 

and Internal fertilisation.

(a) External Fertilisation
¾¾ In some aquatic organisms, such as algae and fishes as well as amphibians, syngamy occurs in the external me-

dium (water), i.e., outside the body of the organism. This type of gametic fusion is called external fertilisation. 
¾¾ These organisms show great synchrony between the sexes and release a large number of gametes into the 

surrounding medium (water) to enhance the chances of syngamy.
¾¾ A major disadvantage is that the offspring are extremely vulnerable to predators threatening their survival up to 

adulthood.

(b) Internal Fertilisation
¾¾ In many terrestrial organisms such as fungi, higher animals such as reptiles, birds, mammals and in a majority 

of plants such as bryophytes, pteridophytes, gymnosperms and angiosperms, syngamy occurs inside the body 
of the organism i.e., an egg is formed inside the female body where it fuses with the male gamete. This type of 
gametic fusion is called internal fertilisation.
¾¾ In these organisms, the male gamete is motile and has to reach the egg to fuse with it.
¾¾ Though the number of sperms produced is very large, there is a significant reduction in the number of eggs 

produced.
¾¾ In seed plants, the non-motile male gametes are carried to female gamete by pollen tubes.

(C) Post-Fertilisation Events
¾¾ All events in sexual reproduction which occur after the formation of the zygote are called post-fertilisation events.
¾¾ Fertilisation results in the formation of diploid zygote.
¾¾ Zygote is the vital link that ensures continuity of species between organisms of one generation and the next.
¾¾ Every sexually reproducing organism begins life as a single cell–the zygote.
¾¾ Further development of the zygote depends on the type of life cycle and the environment.
¾¾ In fungi and algae, the zygote develops a thick wall that is resistant to desiccation and damage to undergo a pe-

riod of rest before germination.
¾¾ In the  haplontic life cycle, the zygote divides by meiosis to form haploid spores that 

grow into haploid individuals.
¾¾ The process of development of an embryo from the zygote is known as embryogenesis.
¾¾ During this process,

 (a) Zygote undergoes cell division (mitosis)
 (b) Cell differentiation.
¾¾ The cell divisions increase the number of cells in the developing embryo while cell differentiation helps groups 

of cells to undergo certain modifications to form specialized tissues and organs to form an organism.
¾¾ Based on the development of the zygote, the animals are classified into two types namely as viviparous and 

oviparous.
(a) Viviparous
¾¾ In viviparous animals (majority of mammals including human beings), the zygote develops into a young one 

inside the body of the female organism.
¾¾ After attaining a certain stage of growth, the young ones are delivered out of the body of the female organism.
¾¾ Because of proper embryonic care and protection, the chance of survival of young ones is greater in vi viparous 

organisms.
(b) Oviparous
¾¾ In oviparous animals (like reptiles, birds), the fertilised eggs covered by the hard calcareous shells are laid in a 

safe place in the environment.
¾¾ After a period of incubation, young ones hatch out.
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Development of Zygote in Plants

¾¾ In flowering plants, the zygote is formed inside the ovule.
¾¾ After fertilisation, the sepals, petals and stamens of the flower wither and fall off.
¾¾ The pistil remains attached to the plant.
¾¾ The zygote develops into the embryo and the ovules develop into the seed.
¾¾ The ovary develops into the fruit which develops a thick wall called pericarp that 

is protective in function. After dispersal, seeds germinate to produce new plants 
under favourable conditions. 

Below are certain fruit showing seeds and protective pericarp:

Seed

Pericarp Seed

Pericarp
Seed

Pericarp

Seed

Pericarp

Fig. 1.7: Fruits showing seeds and pericarp

¾¾ Difference between asexual and sexual reproduction.

Characters Asexual reproduction Sexual reproduction
1. Number of parents involved Always uniparental reproduction Usually biparental type except 

Taenia, Fasciola
2. Gametes Not involved Involved
3. Types of divisions involved Only mitotic divisions Meiosis occurs during 

gametogenesis. Mitosis occurs after 
fertilization

4. Nature of cells involved Somatic cells of the parent Germ cells of the parent
5. Nature of daughters produced Genetically similar to the parent Genetically different to the parent
6. Rate of reproduction Faster Slower
7. Units of reproduction Whole parent body or bud or 

body fragment 
Gamete

8. Occurrence Found in only lower 
invertebrates and lower 
chordates

Found in higher plants and animals

Know the Terms
¾¾ Reproduction: Reproduction is the process of formation of new individuals of a species from the pre-existing 

ones.
¾¾ Asexual Reproduction: Reproduction that occurs with the help of somatic cells is called asexual reproduction.
¾¾ Clone: The term clone is used to describe a group of organisms derived from a single individual by various types 

of asexual reproduction which are genetically and morphologically similar.
¾¾ Regeneration: A type of asexual reproduction in which the lost part of the organism is restored by the 

proliferation of cells.
¾¾ Vegetative propagules: Units of vegetative propagation like runner, rhizome, sucker, tuber which are capable of 

producing new offspring.
¾¾ Encystation: Under the unfavourable conditions, the Amoeba withdraws its pseudopodia and secretes a three-

layered hard covering or cyst around itself. This phenomenon is known as encystation
¾¾ Cell division: The process in which the parent cell divides into two, forming new individuals.
¾¾ Fertilization: The process in which two gametes unite is called fertilization.
¾¾ Gametogenesis: Process of formation of the male and female gametes.
¾¾ Parthenogenesis: In some organisms like rotifers, honeybees and even some lizards and birds (turkey), the 

female gamete undergoes development to form new organisms without fertilisation. This phenomenon is called 
parthenogenesis.
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¾¾ Embryogenesis: Embryogenesis refers to the process of development of the embryo from the zygote.
¾¾ Hermaphrodite: When animals possess both male and female reproductive organs, it is known as hermaphrodite.
¾¾ Meiocyte: In diploid organisms, specialized cells that undergo meiosis are called meiocytes or gamete mother 

cells.
¾¾ Chordate: An animal of phylum Chordata comprising the vertebrates together with the sea squirts and lancelets.

 MNEMONICS  

1. Concept: Asexual reproductive structures:
Mnemonics: Goa State Boasted of Having Zero Cases 
of Covid Patients
Interpretation:
Examples Asexual 
Reproductive structures 
Sponges  Gemmules
Hydra Budding

Chlamydomonas Zoospores
Penicillium  Conidia
2. Concept: Phases of life cycle.
Interpretation: Juvenile phase; Vegetative phase; 
Reproductive phase; Senescence phase (End of 
reproductive phase and ageing).
Mnemonics: PLJVRS - Please Look Jack’s Very Royal 
Suit.



Chapter - 2 : SEXUAL REPRODUCTION  
IN FLOWERING PLANTS

Revision Notes

Male and Female Reproductive Structure in Flowering Plants

¾¾ Sexual reproduction in plants
¾y Sexual reproduction is the process of fusion of haploid gametes forming a diploid zygote, finally developing 

into a new organism.
¾y All flowering plants (angiosperms) show sexual reproduction.
¾y The sexual reproduction includes

 (a) Pre-fertilization structures and events
 (b) Pollination and fertilization
 (c) Post-fertilization structures and events
¾¾ Male Reproductive Structure: Androecium (Whorl of stamens)
¾y Androecium consists of a whorl of stamens.
¾y The number and length of the stamens are variable in flowers of different species.
¾y A stamen has two parts namely, filament and anther.

(a) Filament
¾y It is the long and slender stalk part of the stamen.
¾y Its proximal end is attached to the thalamus or petals of the flower at the proximal end.

(b) Anther
¾y It is the terminal and bilobed structure.
¾y Each lobe has two theca, i.e., they are dithecous.
¾y A longitudinal groove runs lengthwise separating the theca.

 Transverse Section of an Anther

¾y The anther is tetragonal in structure, consisting of four microsporangia or pollen sacs located at the corners, 
two in each lobe.

¾y The microsporangia develop to become pollen sacs.
¾y They extend longitudinally throughout the length of an anther.
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¾y These are packed with pollen grains.

Epidermis

Endothecium

Middle layers

Tapetum

Sporogenous
tissue

Connective

Fig. 2.1: T.S. of anther

Structure of Microsporangium

¾y It is circular and is generally surrounded by four wall layers namely,
 (a) Epidermis
 (b) Endothecium
 (c) Middle layers
 (d) Tapetum
¾y The first two layers perform the function of protection and help in 

dehiscence of anther to release the pollen.
¾y The innermost layer (tapetum) nourishes the developing pollen 

grains.
¾y The cells of the tapetum possess dense cytoplasm and more than 

one nucleus.
¾y When the anther is young, a group of compactly arranged 

homogeneous cells called sporogenous tissues occupies the centre 
of each microsporangium. 

Microsporogenesis

¾y When the anther develops, each cell of sporogenous tissue undergoes meiotic division to form microspore 
tetrads.

¾y Each cell of sporogenous tissue is a microspore mother cell (MMC) or pollen mother cell (PMC).
¾y The process of formation of microspores from a pollen mother cell (PMC) through meiosis is called 

microsporogenesis.
¾y The microspores get arranged in a cluster of four cells and hence are called microspore tetrad.
¾y As the anthers mature and dehydrate, the microspores dissociate from each other and develop into pollen 

grains.
¾y In each microsporangium, thousands of pollen grains are formed and released with the dehiscence of anther.

Pollen Grain (Male Gametophyte)
Endothecium

Epidermis

Pollen Grains
Stomium

Fig. 2.3: T.S. anther at the time of dehiscence

¾y The pollen grains represent the male gametophytes.
¾y These are spherical, measuring about 25-50 micrometers in diameter.
¾y Pollen grains are well preserved as fossils due to the presence of sporopollenin, a tough, resistant and stable 

material.
¾y A pollen grain has a two-layered wall namely, exine and intine.

Epidermis

Endothecium

Middle layers

Microspore
mother cells

Tapetum

Fig. 2.2: Enlarged view of one 
microsporangium
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(a) Exine:
¾y It is the hard outer layer that is made up of sporopollenin.
¾y The sporopollenin is one of the most resistant organic materials.
¾y It can withstand high temperatures and strong acids and alkali.
¾y It cannot be degraded by enzymes.
¾y Pollen grain exine has prominent apertures called germ pores where sporopollenin is absent.

(b) Intine:
¾y It is the inner, thin and continuous layer that is made up of cellulose and pectin.
¾y A mature pollen grain contains two cells namely, vegetative cell and a generative cell.

(i) Vegetative cell
¾y It is the bigger cell having abundant food reserve and a large irregularly shaped nucleus.

(ii) Generative cell
¾y It is the smaller cell that floats in the cytoplasm of the vegetative cell.
¾y It is spindle-shaped with dense cytoplasm and a nucleus.
¾y The pollen grains are generally shed at the 2-celled stage in flowering plants.
¾y In other plants, the generative cell divides mitotically that give rise to two male gametes before pollen grains 

are shed in the 3-celled stage.
¾y Once they are shed, pollen grains have to land on the stigma before they lose viability.
¾y The period of pollen grains remaining viable varies and depends on the prevailing temperature and humidity.
¾y The viability of pollen grains of some cereals such as rice, wheat, etc, is 30 minutes while some members of 

family Leguminosae, Rosaceae & Solanaceae have a viability of months.
¾y Pollen grains of some plants like Parthenium (carrot grass) are allergic for some people leading to chronic 

respiratory disorders such as asthma, bronchitis, etc.
¾y Pollen grains are rich in nutrients.
¾y Pollen tablets are used as food supplements.
¾y Pollen consumption in the form of tablets and syrups increases the performance of athletes and race horses.
¾y It is possible to store pollen grains for years in liquid nitrogen (–196°C). The stored pollen can be used in 

pollen banks for crop breeding programmes.

(Asymmetric)
Spindle

Vacuoles

Nucleus

Vegetative cell

Generative cell

Exine

Intine

Fig. 2.4: Stages of Microspore maturing into a pollen grain

¾¾ Female Reproductive Structure: Gynoecium (Pistil)
¾y Pistil may consist of a single carpel, known as monocarpellary or it may have more than one carpel, called 

multicarpellary.
¾y When there is more than one carpel they may be fused then the pistil is known as syncarpous or may be free 

then it is known as apocarpous.
 Examples of Apocarpous—Lotus, Rose, Michelia.
 Examples of Syncarpous—Hibiscus, Mustard, Tomato, Potato.

¾y Each carpel has three parts namely, stigma, style and ovary.
(a) Stigma

¾y It is a landing platform for pollen grains.
(b) Style

¾y It is an elongated slender part beneath the stigma.
(c) Ovary

¾y It is the basal swollen part of the pistil.
¾y Inside the ovary is the ovarian cavity called locule where the placenta is located.
¾y From the placenta arise the ovules or megasporangia.
¾y The number of ovules in an ovary may be one as seen in wheat, paddy, mango etc., or many as seen in 

papaya, watermelon, orchids, etc.
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Megasporangium (Ovule)

¾y Ovule is a small structure attached to the placenta by a 
stalk called funicle.

¾y The junction where the body of the ovule and funicle fuse 
is called hilum.

¾y Each ovule has one or two and sometimes three protective 
coverings called integuments.

¾y Integuments encircle the ovule except at the tip where a 
small opening called micropyle is organized.

¾y Opposite to the micropylar end is the chalaza which is the 
basal part of the ovule.

¾y Within the integuments, there is a mass of cells called 
nucellus, the body of the ovule. Cells of nucellus are rich 
in reserve food.

¾y Inside the nucellus is the embryo sac, which is also called 
the female gametophyte.

¾y An ovule has a single embryo sac formed usually from a 
single haploid megaspore. 

Megasporogenesis

¾y The formation of haploid megaspores from the diploid megaspore mother cell (MMC) as a result of meiosis is 
called megasporogenesis.

¾y A single megaspore mother cell is differentiated in the micropylar region of the nucellus.
¾y The megaspore mother cell is a large cell containing dense cytoplasm and a prominent nucleus.
¾y The megaspore mother cell undergoes meiotic division resulting in the production of four haploid 

megaspores.
Micropylar end

Nucellus

Megaspore
mother cell

Micropylar end

(a) Megaspore mother cell

Megaspores

(b) Megaspore tetrad

Fig. 2.6 : Parts of the ovule showing a large megaspore mother cell and a tetrad of megaspores

Female Gametophyte (Embryo Sac)
¾y In most of the flowering plants, only one of the four megaspores formed as a result of megasporogenesis is 

functional while the other three degenerate.
¾y The functional megaspore develops into the female gametophyte or embryo sac.
¾y This method of embryo sac formation from a single megaspore is termed monosporic development.

Formation of the Embryo Sac
¾y The nucleus of the functional megaspore divides mitotically to form two nuclei which move to the opposite 

poles forming a 2-nucleate embryo sac.
¾y Two more sequential mitotic nuclear divisions result in the formation of the 4-nucleate and later the 8-nucleate 

stages of the embryo sac.

Hilum

Funicle

Micropyle

Outer integument

Inner integument

Nucellus
Embryo sac

Chalaza

Fig. 2.5: A diagrammatic view of typical 
anatropous ovule



Oswaal ISC Chapterwise & Topicwise Revision Notes, For Semester-1, BIOLOGY, Class –XII [  13

¾y These divisions are strictly free nuclear, i.e. nuclear divisions are not followed immediately by cell wall 
formation.

¾y After the 8-nucleate stage, the organization of the typical female gametophyte or embryo sac takes place.

¾y Generally six of the eight nuclei are surrounded by cell walls and organized into cells.

¾y The remaining two nuclei called the polar nuclei are found 
below the egg apparatus in the large central cell.

Distribution of the Cells within the Embryo Sac

¾y The three cells consisting of two synergids and one egg cell 
which are grouped at the micropylar end constitute the egg 
apparatus.

¾y The synergids have special cellular thickenings at the 
micropylar tip called filiform apparatus.

¾y The filiform apparatus helps to guide the pollen tubes into the 
synergid.

¾y Three cells at the chalazal end organize as the antipodals.

¾y Thus, a typical mature angiosperm embryo sac at maturity is 
8-nucleate but 7-celled.

¾¾ Types of ovules:

¾¾ Placentation: The arrangement of ovules within the ovary is 
known as placentation. The placentations are of different types 
namely, marginal, axile, parietal, basal, central and free central. 

¾¾ Marginal: In this type, the gynoecium is monocarpellary and 
unilocular and the placenta are borne on the fused margins of the 
same carpel. This condition is most common in most of the 
members of the family Leguminosae.  

¾¾ Parietal: In this type, the gynoecium is multicarpellary, syncarpous and the ovary is unilocular. The placenta are 
seen on the inner surface of the ovary, at the junction of the carpels. Sometimes the unilocular ovary is found to 
be divided by the development of a false septum. e.g., Mustard, Cucurbits.

¾¾ Axile: In this type, the gynoecium is multicarpellary, syncarpous and multilocular, the wall of the carpels in the 
centre of the ovary are united to form an axis, which bears the placentae. e.g., China rose (Pentalocular), Petunia 
(Bilocular).

¾¾ Free central: The ovary is unilocular and the ovules are borne on the central axis in the centre of the ovary. Septa 
are absent. e.g., Dianthus and Primrose.

¾¾ Basal: The ovary is unilocular and a single ovule is borne at the base of the ovary. e.g., Sunflower.

¾¾ Superficial: The gynoecium is multicarpellary, syncarpous and a large number of ovules is borne on the walls of 
loculi without a specific order. e.g., Nymphaea.

Fig. 2.8: Types of Ovules

Fig. 2.7: A Mature embryo sac
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Fig. 2.9: Ovary Placentation. Ovaries in cross-section above ovaries in longitudinal section. A: marginal; B: parietal; C: axile, ovary 
with two loculi; D: axile, ovary with three loculi; E: free-central; F:free-central; G: apical; H: basal

Fertilization

¾¾ Pollination: It is the phenomenon of transfer of pollen grains (shed from the anther) to the stigma of the 
carpel. Pollination is the process that helps to unite the male and female gametes and thus helps in fertilization. 
Depending upon the source of the pollen grain, pollination can be broadly classified into two types:

 (a) Self pollination

 (b) Cross pollination

 (a)  Self-Pollination: When the pollen grains are transferred from anther to the stigma of the same flower, it is 
called self-pollination. Self-pollination maintains the parental character or purity of the race indefinitely. It 
occurs by autogamy and geitonogamy.

 (b)  Cross-Pollination (allogamy): When pollen grains are transferred from the anther to the stigma of the 
flower of another plant it is termed cross-pollination. It takes place by wind, water, insects, animals, bats 
and birds. For example Date palm, Papaya etc.

Kinds of Pollination

Depending on the source of pollen, pollination can be divided into three types.

(i) Autogamy (self-pollination): It is the transfer of pollen grains from the anther of a flower to the stigma of the 
same flower. Opening and exposure of anther and stigma are necessary for autogamy. There are two conditions for 
autogamy to takes place:

¾y Anther-stigma synchronization; when the pollen is released, stigma should be ready to receive it.

¾y The position of or distance between anther and stigma. Both should be close enough for pollination.

Example: Pea, Wheat, Rice etc.

(ii) Geitonogamy: When pollen grains from one flower are deposited on the stigma of another flower borne on the 
same plant. Although geitonogamy is functionally cross-pollination involving a pollinating agent, genetically it is 
similar to autogamy since the pollen grains come from the same plant. For example Cucurbits.

Chasmogamous flowers and Cleistogamous flowers: Some plants produce two sorts of flowers. For Example Viola 
(Regular Pansy), Oxalis, and Commelina.

¾¾ Chasmogamous flowers: Flowers with uncovered anthers and stigma are known to be chasmogamous flowers. 
In chasmogamous flowers, anther and stigma are exposed. The exposed reproductive parts give a chance of 
cross-pollination in chasmogamous flowers.

¾¾ Cleistogamous Flowers: Flowers that don’t open are known as Cleistogamous Flowers. In cleistogamous flowers, 
anther and stigma are not exposed but lie close enough for transfer. Thus, the chances of cross-pollination in 
cleistogamous flowers are almost none. In addition, they barely require a pollinating agent.
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Fig. 2.10: Chasmogamous and cleistogamous flowers

(iii) Xenogamy: Xenogamy is the cross-pollination where the pollen grain transfer occurs across flowers of two 
different plants. In other words, the transfer of pollen from the anther of one plant to the stigma of another plant. 
Example: Papaya, Maize, Date palm

¾y This is the only type of pollination which during pollination brings genetically different types of pollen grains 
to the stigma.

Agents of Pollination

(1) Abiotic agents:
 (a) Wind
 (b) Water
(2) Biotic agents:
 (a) Insects
 (b) Birds
 (c) Bats
 (d) Reptiles
 (e) Mammals
¾¾ Plants also have some adaptations in flowers for Pollination

Wind Pollination (Anemophily)

¾y Flowers: Unisexual
¾y Petals: Absent or small and inconspicuous, scentless
¾y Nectar: Absent or small and green
¾y Stamen: Long filaments, allowing the anthers to hang freely outside the flower so the pollen is exposed to the 

wind.
¾y Pollen: Larger amount of smooth and light pollen grains.
¾y Stigma: Long and feathery, hanging outside the flower to catch pollen carried by the wind.

 Examples: Maize, Grasses
¾¾ Water Pollination (Hydrophily)
¾y Most common in the lower plant groups such as algae, bryophytes and pteridophytes.
¾y Pollination by water is quite rare in flowering plants and is limited to about 30 genera, mostly monocotyledons.
¾y Not all aquatic plants use water for pollination.
¾y In a majority of aquatic plants such as water hyacinth and water lily, the flowers emerge above the level of 

water and are pollinated by insects or wind.
¾y It is seen in submerged flowers like Vallisneria, Hydrilla and Zostera.
¾y In Vallisneria male flowers are released on water surface and female flowers reach the surface for pollination.
¾y In seagrasses pollen grains are long ribbon-like and carried passively to submerged female flowers. Mucilage 

coated pollen grains.
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¾y Main features of wind and water pollinated plants
 – produce pollen grains in large numbers
 – do not produce nectar
¾¾ Insect Pollination
¾y Flowers: Mostly bisexual and often found in plants that are more or less solitary.
¾y Petals: Present, often large, coloured and scented.
¾y Nectar: Produced by nectaries to attract insects
¾y Stamen: Present inside the flower
¾y Pollen: Smaller amount, often round, sticky or have projections to attach to furry bodies of insects.
¾y Stigma: Small surface area, inside the flower

 Examples: Rose, sunflower etc.
¾¾ Pollination by Birds (Ornithophily)
¾y Ornithophilous flowers are usually large.
¾y They have tubular or funnel-shaped corollas.
¾y The flowers are brightly colored(such as red, orange, blue, yellow, etc.) which attract birds from long distances.
¾y Humming bird pollinates while hovering over the flowers and sucking nectar.
¾y The pollination by birds is common in coral trees, bottle brush, Butea monosperma and silk cotton trees.

¾¾ Pollination by Bats (Chiropterophily)
¾y The bats are nocturnal flying mammals, which move swiftly and transport pollen grains to long distances.
¾y The flowers they visit are large, dull coloured and have a strong scent.
¾y Chiropterophilous flowers produce abundant pollen grains and secrete more nectar than ornithophilous 

flowers.
¾y Bats carry out the pollination in Adansonia and Kigelia.

¾¾ Certain Rewards to Pollinators
¾y Nectar and (edible) pollen grains as foods.
¾y Provide a safe place for laying eggs.

 Ex: Amorphophallus, Yucca
¾¾ Outbreeding Devices

 Hermaphrodite flowers can undergo self-pollination. Continued self-pollination result in inbreeding depression.

 To discourage self-pollination and to encourage cross-pollination, there are some devices in plants:
¾y Pollen release and stigma receptivity – not synchronized, i.e., the pollen is released before the stigma 

becomes receptive or stigma becomes receptive much before the release of pollen. This prevents autogamy.
   (i) Two different conditions.
 a) Protoandry: Anthers mature earlier than gynoecium.
 e.g., China rose, Cotton, Sunflower etc.
 b) Protogyny : Gynoecium mature earlier than anthers.
 e.g., Brassica, Ficus, Mirabilis etc
¾y Stigma and anther – placed at different positions so that the pollen cannot come in contact with the stigma 

of the same flower. This prevents autogamy.
   (i) Long styled flowers
  (ii) Short styled flowers
 (iii) Based on the difference in length, the phenomenon is called heterostyly.
 e.g., Primula vulgaris
¾y Self-incompatibility: It is a genetic mechanism to prevent self-pollen(from the same flower or other flowers 

of the same plant) from fertilization by inhibiting pollen germination or pollen tube growth in the soil. The 
pollen of a flower has no fertilizing effect on the stigma of the same flower. e.g., Tea (Thea sinensis)

¾y Monoecious plants: Male and female flowers are present in the same plant, prevents autogamy, e.g., Maize).
¾y Dioecious plants: Male and female flowers are present in different plants, e.g., Mulberry).

 It prevents both autogamy and geitonogamy.
 Eg: castor, maize (prevents autogamy); papaya (prevents autogamy and geitonogamy)

Advantages of Self-pollination

¾y In self-pollination, there is no diversity in the genes and therefore the purity of the race is maintained.
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¾y The plants do not depend on external factors for pollination and even smaller quantities of pollen grains 
produce have a good success rate in getting pollinated.

¾y Self-pollination ensures that recessive characters are eliminated.

Advantages of Cross-pollination

¾y Cross-pollination is beneficial to the race of the plant as it introduces new genes into the lineage as a result of 
the fertilization between genetically different gametes.

¾y Cross-pollination improves the resistance of the offspring to diseases and changes in the environment.
¾y The seeds produced as a result of cross-pollination are good in vigor and vitality.
¾y If there are any recessive characters in the lineage, they are eliminated as a result of genetic recombination.
¾y It is the only way of producing unisexual plants that can reproduce.

¾¾ Pollination: It is the phenomenon of transfer of pollen grains (shed from the anther) to the stigma of the 
carpel. Pollination is the process that helps to unite the male and female gametes and thus helps in fertilization. 
Depending upon the source of the pollen grain, pollination can be broadly classified into two types: 

  (a) Self pollination   (b) Cross pollination
¾¾ Pollen-Pistil Interaction
¾y The pollen-pistil interaction is a dynamic process involving pollen recognition followed 

by promotion or inhibition of the pollen.
¾y Pollination does not guarantee the transfer of the right type of pollen.
¾y The pistil can recognize the pollen, whether it is of the right type (compatible) or the 

wrong type (incompatible).
¾y If it is of the right type, the pistil accepts the pollen and promotes post-pollination 

events leading to fertilisation. 
¾y If the pollen is of the wrong type, the pistil rejects the pollen by preventing pollen germination on the stigma 

or the pollen tube growth in the style.
¾y The ability of the pistil to recognize the pollen is the result of a continuous dialogue between pollen grain and 

the pistil mediated by chemical components.
¾y After the right type of pollination, the pollen grain germinates on the stigma to produce a pollen tube through 

one of the germ pores.
¾y The contents of the pollen grain move into the pollen tube.
¾y Pollen tube grows through the tissues of the stigma and style and reaches the ovary.
¾y After entering the ovary through the micropyle, it enters one of the synergids through the filiform apparatus. 

All these events–from pollen deposition on the stigma until pollen tubes enter the ovule–are together referred 
to as pollen-pistil interaction.

Pollen tube

Antipodal

Polar nuclei

Egg cell

Synergid

Fig : Longitudinal section of a flower
showing growth of pollen tube

Fig. 2.11: Longitudinal section of a flower showing growth of pollen tube

¾¾ Artificial Hybridisation
¾y It is one of the major approaches of crop improvement programmes by using desired pollen grains for 

pollination.
¾y This is achieved by emasculation and bagging techniques.
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¾y Emasculation is the removal of anthers by using forceps from the bisexual flower bud of the female parent 
before the anther dehiscence.

¾y The emasculated flowers are then covered with a suitable bag made up of butter paper to prevent 
contamination in the stigma with unwanted pollen. This is called bagging.

¾y When the stigma attains receptivity, the mature pollen grains collected from anthers of the male parent are 
dusted on the stigma. Then, the flowers are rebagged and allowed to develop the fruits.

¾y If the female parent produces unisexual flowers, there is no need for emasculation.
¾y The female flower buds are bagged before the flowers open. 
¾y When the stigma becomes receptive, pollination is carried out using the desired pollen and the flower 

rebagged.
¾¾ Double Fertilisation

¾y After entering one of the synergids, the pollen tube releases the two male gametes into the cytoplasm of the 
synergid.

¾y One of the male gametes moves towards the egg cell and fuses with its nucleus for syngamy which results in 
the formation of a diploid cell, the zygote. 

¾y The other male gamete moves towards the two polar nuclei in the central cell and fuses with them to produce 
a triploid primary endosperm nucleus (PEN). As this involves the fusion of three haploid nuclei the process 
is termed triple fusion. Since two types of fusions i.e., syngamy and triple fusion take place in an embryo sac, 
the phenomenon is termed double fertilisation.

¾y The process of double fertilisation is an event unique to flowering plant. 
¾y The central cell after triple fusion becomes the primary endosperm cell (PEC) and develops into the 

endosperm while the zygote develops into an embryo. 

Fertilised Embryo Sac
Stages of Embryo Development

Matured Embryo

Degenerating

synergids

Zygote (2n)

Primary endosperm

cell (PEC)

Primary endosperm

nucleus (3n)

(PEN)

Degenerating

antipodal cells

Zygote

Globular Embryo

Heart-Shaped

Embryo

Suspensor
Suspensor

Radicle

Cotyledon

Plumule

Fig. 2.12  :

Post-Fertilization Events

¾¾ Post-fertilisation events:
 (1) Endosperm and embryo development
 (2) Maturation of ovule(s) into seed (s)
 (3) Maturation of ovary into fruit
¾¾ Post-fertilisation structures: 

(a) Endosperm
¾y The endosperm, a tissue, present in the seed during the fertilization, precedes the development of an embryo. 

This is because the primary endosperm cell divides repeatedly to form a triploid endosperm tissue filled with 
reserve food materials which provides the nutrition for the developing embryo.

¾y The development of endosperm can be categorized into three types:
(i) Nuclear Endosperm: The first few cell divisions are not accompanied by cell wall formation. The PEN (primary 

endosperm nucleus) undergoes successive nuclear divisions to give rise to nuclei that remain free in the 
cytoplasm of the embryo sac. This stage of endosperm development is called free-nuclear endosperm.

 E.g. In Cocos nucifera (Coconut), the watery liquid endosperm which fills the large embryo sac contains numerous 
free nuclei.



Oswaal ISC Chapterwise & Topicwise Revision Notes, For Semester-1, BIOLOGY, Class –XII [  19

(ii) Cellular Formation: Later, the cell wall formation occurs with the first division of the primary endosperm 
nucleus (PEN) and the endosperm becomes cellular.
¾¾ The number of free nuclei formed before cellularisation varies greatly. e.g., In Cocos nucifera (Coconut), the watery 

liquid endosperm is free-nuclear endosperm and the surrounding white kernel is the cellular endosperm.
¾y After the first transverse division, the subsequent divisions are irregular.
¾y Endosperm tissue cells do not show regular arrangement. 

(iii) Helobial endosperm:
¾y In between nuclear and cellular formation, another intermediate endosperm formation happens and this is 

known as Helobial endosperm.
¾y First division of primary endosperm nucleus accompanied by the formation of the transverse wall.
¾y This divides the embryo sac unequally into a small chalazal chamber and a large micropylar chamber.
¾y This is followed by free nuclear division in each chamber and then cell wall formation makes the endosperm 

cellular. 
(b) Embryo

¾y Embryo develops at the micropylar end of the embryo sac where the zygote is situated.
¾y The zygote starts to divide only after a certain amount of endosperm is formed in order 

to provide assured nutrition to the developing embryo.
¾y The early stages of embryo development, known as embryogeny are similar in both 

monocotyledons and dicotyledons. 
¾y The zygote gives rise to the pro-embryo and then to globular, heart-shaped and mature embryo.

Zygote → Pro-embryo → Globular → Heart-shaped → Mature embryo.

Zygote

Globular embryo

Heart-shaped
embryo Plumule

Mature embryo

Suspensor

Radicle

Cotyledon

Fig. 2.13: Stages in embryo devleopment in a dicot

(i) Dicotyledonous Embryo
¾y It has an embryonal axis and two cotyledons.
¾y The portion of the embryonal axis above the level of 

cotyledons is the epicotyl, which terminates with the 
plumule (stem tip).

¾y The cylindrical portion below the level of cotyledon is 
hypocotyl that terminates with the radicle (root tip).

¾y The root tip is covered with a root cap.
(ii) Monocotyledonous Embryo

¾y It has only one cotyledon.
¾y In grass, the cotyledon is called scutellum that is 

situated towards one side of the embryonal axis.
¾y At the lower end of the scutellum, the embryonal 

axis has the radical and root cap enclosed in an 
undifferentiated sheath called coleorrhiza. The 
portion of the embryonal axis above the level of 
attachment of scutellum is the epicotyl.

¾y Epicotyl has a shoot apex and a few leaf primordia 
enclosed in a hollow foliar structure, the coleoptile. 

Plumule

Cotyledons

Hypocotyl

Radicle

Root cap

A Dicot Embryo A Monocot Embryo, Grass

Scutellum

Coleoptile

Shoot apex

Epiblast

Radicle

Root cap

Coleorhiza

(a) (b)

Fig. 2.14
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Seed from Ovule
¾¾ Seed is the fertilized ovule formed inside fruits. It is the final product of sexual reproduction.
¾¾ It consists of the seed coat(s), cotyledon(s) and an embryo axis.
¾¾ The cotyledons are simple, generally thick and swollen due to storage food (as in legumes).
¾¾ Mature seeds are classified according to the presence of endosperms:
¾y Non-albuminous (Ex-albuminous) seeds or non-endospermic: Seeds have no residual endosperm as it is 

completely consumed during embryo development. e.g., pea, groundnut, beans.
¾y Albuminous seeds or endospermic seeds: Retain a part of the endosperm. These seeds have thin and 

membranous endosperm. e.g., wheat, maize, barley, castor, coconut.
¾¾ Occasionally, in some seeds (black pepper, beet etc.) remnants of nucellus are also persistent. This residual, persistent 

nucellus is called perisperm.
¾¾ Integuments of ovules harden as tough protective seed coats. It has a small pore (micropyle) through which O2 

and water enter into the seed during germination.
¾¾ As the seed matures, it becomes dry by reducing water content (10-15 % moisture by mass). The metabolic activity 

of the embryo slows down. It may enter a state of inactivity (dormancy). Under favourable conditions (moisture, 
oxygen and suitable temperature), they germinate.

Fruit from Ovary
¾¾ The ovary develops into a fruit. Transformation of ovules into seeds and ovary into fruit proceeds simultaneously.
¾¾ The wall of the ovary develops into the pericarp (wall of fruit).
¾¾ The fruits may be fleshy (e.g. guava, orange, mango, etc.) or dry (e.g. groundnut, mustard etc.).
¾¾ Fruits are 2 types:
¾y True fruits: In this, the fruit develops only from the ovary. Other floral parts degenerate & fall off. e.g., most 

plants.
¾y False fruits: In this, the thalamus also contributes to fruit formation. e.g., apple, strawberry, cashew etc.

¾¾ In some species, fruits develop without fertilization. Such fruits are called parthenocarpic fruits. e.g., Banana.
¾¾ Parthenocarpy can be induced through the application of growth hormones. Such fruits are seedless.

Apomixis and Polyembryony
¾¾ Apomixisis the production of seeds without fertilisation. e.g., Some species of Asteraceae and grasses.
¾¾ It is a form of asexual reproduction that mimics sexual reproduction.
¾¾ In some species, the diploid egg cell is formed without reduction division and develops into the embryo without 

fertilisation.
¾¾ In many species (e.g. many Citrus & Mango varieties) some nucellar cells surrounding the embryo sac divide, 

protrude into the embryo sac to form embryos. Thus each ovule contains many embryos. The occurrence of more 
than one embryo in a seed is called polyembryony.

Importance of Apomixis in Hybrid Seed Industry

¾¾ If the seeds collected from hybrids are sown, plants in the progeny will segregate and lose hybrid characters.
¾¾ Production of hybrid seeds is costly. So hybrid seeds are also expensive. If the hybrids are made into apomicts, 

there is no segregation in the hybrid progeny. So farmers can keep on using hybrid seeds to raise a new crop.

Know the Terms
¾¾ Bisexual flower: Flower which contains both male (stamens) and female (carpels or pistils) reproductive parts.
¾¾ Unisexual flower: Flower which contains only one i.e., either male or female reproductive parts.
¾¾ Dithecous: The anthers that contain two lobes and four pollen sacs are called dithecous.
¾¾ Monothecous: The anthers that contain one lobe and two pollen sacs are called monothecous.
¾¾ Tapetum: The innermost layer in the anther is called the tapetum and it nourishes the developing pollen grains. 

The cells of the tapetum possess dense cytoplasm and more than one nucleus.
¾¾ Microsporogenesis: The process of formation of haploid microspores from diploid pollen mother cell (PMC) 

through meiosis is called microsporogenesis.
¾¾ Sporogenous tissues: It is compactly arranged homogenous cells which are present at the centre of each 

microsporangium when the anther is young.
¾¾ Megasporogenesis: The process of formation of haploid megaspores from the diploid megaspore mother cell 

(MMC) as a result of meiosis is called megasporogenesis.
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¾¾ Chalaza: Basal part of an ovule.
¾¾ Micropyle: Small opening at the tip of ovule into where pollen tube enters.
¾¾ Tapetum: Innermost layer of cells in pollen sac which provide nutrition to developing pollen grains.
¾¾ Synergid cells: Synergid cells are two small, specialized cells found in the embryo sac adjacent to the egg cells in 

the female gametophyte of a flowering plant. It nourishes the ovum and plays an important role in guiding the 
pollen tube. These structures are key for the cessation of pollen tube growth and in the release of the sperm cells.
¾¾ Pollination: It is the process of transfer of pollen grains from the anther to the stigma of a pistil.
¾¾ Pollen-pistil interaction: All the events – from pollen deposition on the stigma until pollen tubes enter the ovule 

– are together referred to as pollen-pistil interaction.
¾¾ Emasculation: It is the process of removal of anthers from the flower bud before the dehisces using a pair of 

forceps.
¾¾ Polyembryony: The process of formation of two or more embryos from a single fertilized egg is known as 

polyembryony. eg. Citrus-lemon, oranges
¾¾ Pericarp: The pericarp is the wall of the ovary that develops as the wall of the fruits. The pericarp of the fruits 

might be fleshy as in guava, mango, etc. or might be dry as in mustard, walnut, etc
¾¾ Viability: Ability of seeds to retain the power of germination.
¾¾ Apomixis: The term apomixis (apo = without; mixis = mingling) is the production of seeds without fertilisation. 

It is a kind of asexual reproduction that mimics sexual reproduction. eg. Asteraceae – asters, daisy, sunflower 
family and grasses.
¾¾ Endosperm: Endosperm is the nutritive tissue for the developing embryo and also the seedling. In angiosperms, 

the endosperm develops from the triploid (3n) primary endosperm nucleus which is formed as a result of 
vegetative fertilization, triple fusion or fusion of a male gamete with the secondary nucleus of the central cell.
¾¾ Coleoptile: It is the protective sheath that encloses the plumule in a monocot seed
¾¾ Coleorrhiza: It is an undifferentiated sheath that encloses the radicle and the root cap in a monocot seed
¾¾ Scutellum: The single cotyledon is called scutellum that is situated towards one side of the embryonal axis.
¾¾ Dormancy: State of inactivity

 MNEMONICS  

1.  Concept Name: Male Reproductive Parts of a Flower
Mnemonics: FASA—Father And Son Alone
Interpretation: Filament, Anther, Stamen Androecium
2.  Concept Name: Female Reproductive Parts of a 

Flower
Mnemonics: GPCOSS—Gayathri Prashanth Can Often 
Sing Solos
Interpretation: Gynoecium, Pistil, Carpel, Ovary, Style, 
Stigma

3.  Concept Name: Examples of Syncarpous

Mnemonics: SHMTP—Synaa Has Mashed The Potato

Interpretation: Hibiscus, Mustard, Tomato, Potato

4.  Concept Name: Examples of Apocarpous

Mnemonics: ALRM—All Road Leads to Mumbai (or) 
All Land Resource Management

Interpretation: Lotus, Rose, Michelia

5. Concept Name: Types of Pollination
Mnemonics: AEWR—Aloo Paratha Was Relishing

Interpretation: Example for Autogamy: Pea, Wheat, 
Rice
Mnemonics: XPMDP—Xena Plans Marriage Day 
Photos
Interpretation: Example for Xenogamy-Papaya, 
Maize, Date palm
6.  Concept Names: Steps in Artificial Hybridization of 

Plants
Mnemonics: AHEBAPR—Ali Hyder Enjoys Beaches 
And Posh Restaurants
Interpretation: Artificial Hybridization-Emasculation-
Bagging, Artificial Pollination, Rebagging

7. Concept Name: Pollination

 (a) Mnemonics: Weight Gain

  Interpretation: Wind Pollinated: Grass

 (b)  Mnemonics: World Association for Visually 
Handicapped

   Interpretation: Water Pollinated: Vallisneria, 
Hydrilla

 (c) Mnemonics: Integral Yoga

  Interpretation: Insect Pollinated: Yucca
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8.  Concept Name: Albuminous and Non-albuminous 
weeds

Insect Pollinated: Yucca
 (a) Mnemonics: AEBMWC—All Europeans BMW 
  Car showroom
   Interpretation: Albuminous or Endospermic 

seeds: Barley, Maize, Rice, Castor

 (b) Mnemonics: NANEGGPB—No Alternative
  Never End Growing Gram Before Ploughing

  Interpretation: Non-Albuminous or Non 
  Endospermic seeds: Groundnut, Gram, Pea,
  Bean
9.  Concept Name: PolyEmbryony
Mnemonics: PELO—Please Erase Leaders Orders
Interpretation: PolyEmbryony: eg. Lemon, Oranges

10.  Concept Name: Nuclear and Cellular Endosperm

 (a) Mnemonics: Nuclear Endosperm—CSMW-Can 
  Sunil Marry Winnie

  Interpretation: Nuclear Endosperm—Cotton, 
  Sunflower, Maize, Wheat

 (b) Mnemonics: Cellular Endosperm—BDP-Birth
  Day Party

  Interpretation: Cellular Endosperm—Balsam
  Datura, Petunia

11. Concept Name: False fruit

Mnemonics: CAS—Can Aravind Sing?

Interpretation: Cashewnut, Apple, Strawberry



CHAPTER-3 
HUMAN REPRODUCTION

Revision Notes

Male and Female Reproduction System

Introduction

¾¾ Human beings reproduce sexually and are viviparous. In humans, the reproductive phase starts after puberty. It 
involves:
¾y Gametogenesis
¾y Insemination
¾y Fertilization
¾y Implantation
¾y Gestation
¾y Parturition

Male Reproductive System

It consists of:
 (a) A pair of testes
 (b) Accessory ducts
 (c) Accessory glands
 (d) External genitalia

Testes

Testes are the primary sex organs that produce sperms and testosterone.
¾¾ Testes are contained in the scrotum located between upper thighs.
¾¾ The low temperature (2 – 2.5°C less than the normal internal body temperature) of 

scrotum, helps for the proper functioning of testes and spermatogenesis. 
¾¾ Each testis is oval in shape.
¾¾ Each testis has about 250 (200 – 300) compartments called testicular lobules.
¾¾ Each lobule is filled with connective tissue and contains 1-3 coiled yellow seminiferous tubules in which sperm 

are produced.
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¾¾ Seminiferous tubule is lined internally with spermatogenic cells called spermatogonia or primary male germ cells 
and Sertoli cells or supporting cells.
¾¾ Spermatogonia undergo meiotic divisions and leads to sperm formation.
¾¾ Sertoli cells give shape and nourishment to developing spermatogenic cells and are therefore also called nurse 

cells.
¾¾ The regions outside the seminiferous tubules are the interstitial spaces which contain small blood vessels and 

interstitial cells or Leydig cells.
¾¾ The Leydig cells are endocrine and secrete testicular hormones called androgens.
¾¾ Immunologically competent cells are also present.

Accessory Ducts

¾¾ The duct system includes rete testis, vasa efferentia, epididymis and vas deferens.
¾¾ The seminiferous tubules open into the vasa efferentia through rete testis.
¾¾ The vasa efferentia open into the epididymis.
¾¾ The epididymis leads to vas deferens that ascends into the abdomen and loops over the urinary bladder.
¾¾ It receives a duct from the seminal vesicle and opens into the urethra as the ejaculatory duct.
¾¾ These ducts store and transport the sperms from the testis to the outside through the urethra.
¾¾ The urethra originates from the urinary bladder and extends through the penis to its external opening called the 

urethral meatus.

Accessory Male Genital Glands

¾¾ It includes paired seminal vesicles, prostate and paired bulbourethral glands (Cowper’s glands).
¾¾ The secretions of these glands constitute the seminal plasma, which is rich in fructose, calcium and certain 

enzymes.
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Urethra
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Vasa efferentia

Epididymis

Vas deferens

Ureter

Fig. 3.1: Male Reproductive System

¾¾ Seminal vesicles produce seminal fluid and form 60–70% of semen.
¾¾ The secretion of bulbourethral glands is alkaline and is rich in mucus. It helps in the lubrication of the penis, 

supplies nutrients the to sperms and provides an alkaline medium to counteract the acidity of the uterus.

External Genitalia

¾¾ The penis is the male external genitalia.
¾¾ It is made up of special tissue that helps in the erection of the penis to facilitate insemination.
¾¾ The enlarged end of the penis is called the glans penis. Penis is covered by a loose fold of skin called the foreskin.

The Female Reproductive System

It includes a pair of Ovaries, Accessory ducts and External genitalia.

Ovaries: They are the primary female sex organs that produce ova or the female gametes. It secretes several steroid 
ovarian hormones such as estrogen and progesterone.

Ovaries are located on both sides of the lower abdomen.
¾¾ Each ovary is about 2-4 cm in length.
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¾¾ The ovaries are connected to the pelvic wall and uterus by ligaments.
¾¾ Each ovary is covered by a thin epithelium that encloses the ovarian stroma.
¾¾ The stroma has an outer cortex and an inner medulla.
¾¾ Ovary contains groups of cells known as Ovarian or Graafian follicles.
¾¾ Each follicle carries a centrally placed ovum. 

Accessory Ducts
¾¾ It includes two oviducts or fallopian tubes, a uterus and a vagina.
¾¾ Each oviduct is 10-12 cm long and has four parts namely, infundibulum, ampulla, isthmus and uterine part.

 (a) Infundibulum
¾y It is the funnel-shaped opening provided with many finger-like fimbriae for catching released ovum.
¾y It helps to collect the ovum after its release from the ovary.

 (b) Ampulla
¾y The infundibulum leads to the curved and dilated part called the ampulla.

 (c) Isthmus
¾y It is the last straight part of the oviduct.
¾y It has a narrow lumen and joins the uterus.

 (d) Uterine Part
¾y It is about 1 cm long part of the oviduct which passes into the uterus.

Uterus
¾¾ It is single and also called the womb.
¾¾ The shape of the uterus is like an inverted pear.
¾¾ It is supported by ligaments attached to the pelvic wall.
¾¾ The uterus opens into the vagina through a narrow cervix.
¾¾ The cavity of the cervix is called the cervical canal which along with vagina forms the birth canal.

The wall of the uterus is thick and muscular and is differentiated into three layers of tissue namely,
 (a) The external thin membranous perimetrium.
 (b) The middle thick layer of smooth muscle, myometrium.
 (c) The inner glandular layer is called endometrium.
¾¾ The endometrium undergoes cyclic changes during menstrual cycle while the myometrium exhibits strong 

contraction during delivery of the baby.
¾¾ Vagina opens to the exterior between urethra and anus.
¾¾ The lumen of vagina is lined by a glycogen-rich mucous membrane consisting of sensitive papillae and Bartholin’s 

glands.
¾¾ The secretions of Bartholin’s glands lubricate the penis during sexual act.

External Genitalia
¾¾ It includes the mons pubis, labia majora, labia minora, hymen and clitoris. The external genitalia are collectively 

called vulva.
¾¾ Mons pubis is a cushion of fatty tissue covered by skin and pubic hair.
¾¾ The labia majora are a pair of large thicker fleshy folds of tissue, which surround the vaginal opening.
¾¾ The labia minora are a pair of narrow fleshy folds of tissue found below labia majora.
¾¾ The opening of the vagina is often covered partially by a membrane called hymen.
¾¾ The hymen is often torn during the first coitus (intercourse) or accidentally.
¾¾ The clitoris is a tiny finger-like structure that lies at the upper junction of the two labia minora above the urethral 

opening.

Mammary Glands
¾¾ A pair of mammary glands containing glandular tissue and fat is present in the chest region.
¾¾ Glandular tissue of each breast has 15-20 mammary lobes containing clusters of cells called alveoli.
¾¾ The cells of alveoli secrete milk which is stored in the cavities or lumen of alveoli.

¾¾ The alveoli open into mammary tubules.

¾¾ The tubules of each lobe join to form a mammary duct.

¾¾ Several mammary ducts join to form a wider mammary ampulla which is connected to lactiferous duct through 
which milk is sucked out.
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Fig. 3.2: Female Reproductive System

Gametogenesis and Menstrual Cycle
Gametogenesis

¾¾ The process by which the primary sex organs i.e., the testis in the males and the ovaries in the females produce 
gametes, i.e., sperms and ovum respectively.
¾¾ The gametogenesis is classified into two types, 

 (a) Spermatogenesis
 (b) Oogenesis

Spermatogenesis
¾¾ It is the process of formation of sperms in seminiferous tubules of testes.
¾¾ It has two stages namely,

 (a) Formation of spermatids
 (b) Spermiogenesis 
¾¾ During the formation of spermatids, the spermatogonia i.e., Sperm mother cells or immature male germ cells 

produce spermatids.
¾¾ In spermiogenesis, the spermatids are transformed into sperm.
¾¾ In testis, the immature male germ cells called spermatogonia produce sperms.
¾¾ The spermatogonia multiply mitotically and increase in numbers. Each spermatogonium is diploid containing 46 

chromosomes.
¾¾ Some of the spermatogonia called primary spermatocytes periodically undergo meiosis.
¾¾ A primary spermatocyte completes the first meiotic division or reduction division resulting in the formation of 

two equal, haploid cells called secondary spermatocytes.
¾¾ The secondary spermatocytes have only 23 chromosomes each.
¾¾ The secondary spermatocytes undergo the second meiotic division to produce four equal, haploid spermatids.
¾¾ The spermatids are transformed into spermatozoa or sperms by the process called spermiogenesis.
¾¾ After spermiogenesis, sperm heads become embedded in the Sertoli cells and are released from the seminiferous 

tubules by the process called spermiation.
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Role of Hormones in Spermatogenesis

¾¾ Spermatogenesis starts at the age of puberty due to a significant increase in the secretion of gonadotropin-
releasing hormone (GnRH), a hypothalamic hormone.
¾¾ The increased levels of GnRH act at the anterior pituitary gland and stimulate the secretion of two namely,

 (a) Luteinising hormone (LH)
 (b) Follicle-stimulating hormone (FSH)
¾¾ LH acts at the Leydig cells and stimulates the synthesis and secretion of androgens.
¾¾ Androgens stimulate the process of spermatogenesis.
¾¾ FSH acts on the Sertoli cells and stimulates the secretion of some factors which help in the process of 

spermiogenesis.

Structure of a Sperm

¾¾ It is a microscopic structure composed of a head, neck, 
amiddle piece and tail.
¾¾ A plasma membrane envelops the whole body of sperm.
¾¾ The sperm head contains an elongated haploid nucleus.
¾¾ The anterior portion is covered by a cap-like structure called 

the acrosome.
¾¾ The acrosome is filled with enzymes that help in the 

fertilisation of the ovum.
¾¾ The middle piece possesses numerous mitochondria, which 

produce energy for the movement of tail that facilitate sperm 
motility essential for fertilisation.
¾¾ The human male ejaculates about 200 to 300 million sperm 

for normal fertility.
¾¾ Sperms released from the seminiferous tubules are 

transported by the accessory ducts.
¾¾ The secretions of the epididymis, vas deferens, seminal 

vesicle and prostate are essential for the maturation and 
motility of sperms.
¾¾ The seminal plasma along with the sperms constitutes the 

semen.
¾¾ The functions of male sex accessory ducts and glands are 

maintained by the testicular hormones or androgens. 

Oogenesis

¾¾ The process of formation of a mature female gamete is called oogenesis.
¾¾ It takes place in Graafian follicles.
¾¾ Oogenesis is initiated during the embryonic development stage when gamete mother cells (oogonia) are formed 

within each fetal ovary.
¾¾ No more oogonia are formed and added after birth.
¾¾ These cells start meiotic division and get temporarily arrested at the prophase - I stage, called primary oocytes.
¾¾ Each primary oocyte then gets surrounded by a layer of granulosa cells and is then called the primary follicle.
¾¾ A large number of these follicles degenerate during the phase from birth to puberty.
¾¾ Therefore, at puberty, only 60,000-80,000 primary follicles are left in each ovary.
¾¾ The primary follicles get surrounded by more layers of granulosa cells and a new theca and are called secondary 

follicles.
¾¾ The secondary follicle transforms into a tertiary follicle which is characterized by a fluid-filled cavity called the 

an trum.
¾¾ The theca layer is organised into two layers namely,

 (a) An inner theca interna
 (b) An outer theca externa.
¾¾ The primary oocyte within the tertiary follicle grows in size and completes its first meiotic division (unequal divi-

sion) resulting in the formation of a large haploid secondary oocyte and a tiny first polar body.
¾¾ The secondary oocyte retains bulk of the nutrient rich cytoplasm of the primary oocyte.

Head

Plasma

membrane

Acrosome

Nucleus containing

chromosomal material

Neck

Middle piece

Mitochondria

(energy source for swimming)

Tail

Fig. 3.4: Structure of a Sperm
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¾¾ The tertiary follicle further changes into the mature follicle or Graafian follicle.
¾¾ The secondary oocyte forms a new membrane called zona pellucida surrounding it.
¾¾ The Graafian follicle now ruptures to release the secondary oocyte (ovum) from the ovary by the process called 

ovulation.
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Fig. 3.5: Oogenesis in human female

Comparison between Spermatogenesis and Oogenesis:

S. No. Spermatogenesis Oogenesis
1. Produces male gametes (sperms). Produces female gametes (oocytes).
2. Occurs in testis. Occurs in ovary.
3. Limited growth phase. Elaborated growth phase.
4. Each primary spermatocyte gives four sperms. Each primary oocyte gives only one ovum. Polar 

bodies are formed.
5. It begins at puberty. It begins at embryonic stage and is suspended at 

the time of birth. The remaining part takes place 
only after puberty.

6. It occurs in seminiferous tubules of tes tes. It occurs in the follicles of ovary.

Structure of Ovum or Egg
¾¾ It is spherical and non-motile.
¾¾ It is about 0.2 mm in diameter.
¾¾ Ovum has four membranes namely,

 (a) Plasma membrane (Oolemma): Innermost layer.
 (b) Vitelline membrane: Attached to plasma membrane.
 (c) Zona pellucida: Transparent non-cellular layer found outer to the Vitelline membrane.
 (d) Corona radiata: Outer layer formed of follicle cells. These cells are bound together by hyaluronic acid.
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Fig. 3.9. Section of a OvaryFig. 3.6: Section of a Ovary
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Menstrual Cycle, Fertilization and Pregnancy

Menstrual Cycle

¾¾ The reproductive cycle in the female primates (e.g., monkeys, apes and human beings) is called the menstrual 
cycle.
¾¾ The first menstruation begins at puberty and is called menarche.
¾¾ In human females, menstruation is repeated at an average interval of about 28/29 days, and the cycle of events 

starting from one menstruation till the next one is called the menstrual cycle.
¾¾ One ovum is released (ovulation) during the middle of each menstrual cycle.
¾¾ The cycle starts with the menstrual phase when menstrual flow occurs and lasts for 3-5 days.
¾¾ During menstrual flow, liquid comes out through the vagina due to the breakdown of the endometrial lining of 

the uterus.
¾¾ Menstruation occurs if the 

released ovum is not fertilized.
¾¾ Lack of menstruation may be 

indicative of pregnancy.
¾¾ No menstruation can also 

be caused due to some other 
underlying causes like stress, 
poor health etc.
¾¾ The menstrual phase is 

followed by the follicular 
phase. During this phase, 
the primary follicles in 
the ovary grow to become 
a fully mature Graafian 
follicle and simultaneously 
the endometrium of uterus 
regenerates through 
proliferation.
¾¾ These changes in the ovary 

and the uterus are induced 
by changes in the levels of 
pituitary and ovarian hor-
mones.
¾¾ The secretion of 

gonadotropins (LH and FSH) 
increases and stimulates 
follicular development as well 
as secretion of estrogens by 
the growing follicles. 

¾¾ Both LH and FSH attain a peak level in the middle of the cycle (about the 14th day).
¾¾ Rapid secretion of LH leading to its maximum level during the mid-cycle called LH surge induces rupture of 

Graafian follicle and thereby the release of an ovum (ovulation).
¾¾ The ovulation phase is followed by the luteal phase, during which the remaining parts of the Graafian follicle 

trans form into corpus luteum.
¾¾ The corpus luteum secretes large amounts of progesterone, which is essential for the maintenance of the endome-

trium. Endometrium is necessary for implantation of the fertilized ovum and pregnancy.
¾¾ During pregnancy, there is no menstruation.
¾¾ In the absence of fertilization, the corpus luteum degenerates.
¾¾ This causes the disintegration of endometrium leading to menstruation.
¾¾ In human beings, menstrual cycle ceases around 50 years of age termed as menopause.
¾¾ Cyclic menstruation is an indicator of the normal reproductive phase and extends between menarche and 

menopause.
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Fertilisation

¾¾ During copulation (coitus), semen is released by the penis into the vagina (insemination).
¾¾ The motile sperms swim rapidly, pass through the cervix, enter into the uterus and finally reach the junction of 

the isthmus and ampulla (ampullary-isthmic junction) of the fallopian tube.
¾¾ The process of fertilization takes place as follows:

 Sperms → vagina → cervical canal → uterus → isthmus
 ↓
 Fertilization ← Ampullary-isthmic Junction
 ↑
 Ovum (from ovary) → fimbriae → infundibulum → ampulla
¾¾ The ovum released by the ovary is also transported to the ampullary-isthmic junction where fertilisation takes 

place.
¾¾ Fertilisation can only occur if the ovum and sperms are transported simultaneously to the ampullary-isthmic 

junction. Hence, not all copulations lead to fertilisation and pregnancy.
¾¾ The process of fusion of a sperm with an ovum is called fertilisation.
¾¾ During fertilisation, a sperm comes in contact with the zona pellucida layer of the ovum and induces changes 

in the membrane that block the entry of additional sperms to ensure that only one sperm can fertilise an ovum. 
¾¾ The secretions of the acrosome help the sperm enter into the cytoplasm of the ovum through the zona pellucida 

and the plasma membrane.
¾¾ This includes the completion of the meiotic division of the secondary oocyte.
¾¾ The second meiotic division is also unequal and results in the formation of a second polar body and a haploid 

ovum (ootid).
¾¾ Soon, the haploid nucleus of the sperm and that of the ovum fuse together to form a diploid zygote.

Sex Determination in Human
¾¾ The chromosome pattern in the human female is XX and that in the male is XY.
¾¾ Therefore, all the haploid gametes produced by the female (ova) have the sex chromosome X whereas in the 

male gametes (sperms) the sex chromosome could be either X or Y, hence, 50% of sperms carry the X chromo-
some while the other 50 per cent carry the Y.
¾¾ After fusion of the male and female gametes, the zygote would carry either XX or XY depending on whether the 

sperm carrying X or Y fertilised the ovum.
¾¾ The zygote carrying XX would develop into a female baby and XY would form a male baby.

Implantation
¾¾ The mitotic division starts as the zygote moves through the isthmus of the oviduct towards the uterus and forms 

2, 4, 8, 16 daughter cells called blastomeres.

Fig. 3.8: Various events after fertilization (transport of ovum, fertilization 
and stages of embryonic development) Pregnancy
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¾¾ The embryo with 8 to 16 blastomeres is called a morula.
¾¾ The morula continues to divide and transforms into blastocyst as it moves further into the uterus.
¾¾ The blastomeres in the blastocyst are arranged into an outer layer called trophoblast and an inner group of cells 

attached to trophoblast called the inner cell mass.
¾¾ The trophoblast layer then gets attached to the endometrium and the inner cell mass gets differentiated as the 

embryo.
¾¾ After attachment, the uterine cells divide rapidly and cover the blastocyst.
¾¾ As a result, the blastocyst becomes embedded in the endometrium of the uterus. This is called implantation and 

it leads to pregnancy.

Pregnancy

¾¾ After implantation, finger-like projections appear on the trophoblast called chorionic villi which are surrounded 
by the uterine tissue and maternal blood.
¾¾ The chorionic villi and uterine tissue become interdigitated with each other and jointly form a structural and 

functional unit between the developing embryo (foetus) and maternal body called the placenta. 
¾¾ The placenta facilitates the supply of oxygen and nutrients to the embryo and also removal of carbon dioxide 

and excretory/waste materials produced by the embryo.
¾¾ The placenta is connected to the embryo through an umbilical cord which helps in the transport of substances to 

and from the embryo.
Placental villi
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Fig. 3.9: Human foetus within the utreus

Functions of Placenta

¾¾ It acts as a barrier between the foetus and mother.
¾¾ Soluble inorganic and organic materials, nutrients, hormones, antibodies etc can pass through the placenta from 

the mother to the foetus.
¾¾ It helps in the gas exchange between mother and foetus.
¾¾ It helps to eliminate nitrogenous wastes of foetus.
¾¾ It acts as an endocrine gland by secreting several hormones like human chorionic gonadotropin (hCG), human 

placental lactogen (hPL), oestrogens, progesterone and relaxin.

Pregnancy

¾¾ In the later phase of pregnancy, a hormone called relaxin is also secreted by the ovary.
¾¾ hCG, hPL and relaxin are produced in women only during pregnancy.
¾¾ Levels of hormones like estrogens, progestogens, cortisol, prolactin, thyroxine, etc. are increased several folds in 

the maternal blood.
¾¾ Increased production of these hormones is essential for supporting fetal growth, metabolic changes in the mother 

and maintenance of pregnancy. 
¾¾ After implantation, (embryo) differentiates into an outer layer called ectoderm and an inner layer called endo-

derm.
¾¾ A mesoderm soon appears between the ectoderm and the endoderm.
¾¾ These three layers give rise to all tissues (organs) in adults.
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¾¾ The inner cell mass contains certain cells called stem cells which have the potency to give rise to all the tissues 
and organs.
¾¾ The human pregnancy lasts for 9 months.

Changes in Embryo during Pregnancy

¾¾ After one month of pregnancy, the embryo’s heart is formed.
¾¾ By the end of the second month of pregnancy, the foetus develops limbs and digits.
¾¾ By the end of 12 weeks (first trimester), most of the major organ systems are formed, for example, the limbs and 

external genital organs are well-developed.
¾¾ The first movements of the foetus and appearance of hair on the head are observed during the fifth month.
¾¾ By the end of 24 weeks (second trimester), the body is covered with fine hair, eyelids separate, and eyelashes are 

formed.
¾¾ By the end of nine months of pregnancy, the foetus is fully developed and is ready for delivery.

Parturition

¾¾ The average duration of human pregnancy is about 9 months which is called the gestation period.
¾¾ Vigorous contraction of the uterus at the end of pregnancy causes expulsion/delivery of the foetus. This process 

of delivery of the foetus (childbirth) is called parturition.
¾¾ The parturition is induced by a complex neuroendocrine mechanism.
¾¾ The signals for parturition originate from the fully developed foetus and the placenta which induces mild uterine 

contractions called foetal ejection reflex.
¾¾ The release of oxytocin from the maternal pituitary takes place. Oxytocin acts on the uterine muscle and causes 

stronger uterine contractions, which in turn stimulates the further secretion of oxytocin.
¾¾ This results in stronger and stronger contractions.
¾¾ This leads to the expulsion of the baby out of the uterus through the birth canal.
¾¾ Soon after the infant is delivered, the placenta is also expelled out of the uterus.

Lactation

¾¾ The mammary glands of the female undergo differentiation during pregnancy and start producing milk towards 
the end of pregnancy by the process called lactation. This helps the mother in feeding the newborn.
¾¾ The milk produced during the initial few days of lactation is called colostrum. It contains several antibodies abso-

lutely essential to develop resistance for newborn babies.
¾¾ Breast-feeding during the initial period of infant growth is recommended by doctors for bringing up a healthy 

baby.

Know the Terms
¾¾ Acrosome: A small, sheath structure at the end of a sperm.
¾¾ Blastula: A stage of embryogenesis that comes after morula and has a hollow fluid-filled space called the 

blastocoel.
¾¾ Cleavage: It is the first phase of embryonic development where the zygote undergoes mitotic division to become 

a multicellular structure.
¾¾ Endometrium: Innermost glandular layer lining the uterine cavity.
¾¾ Hymen: A thin membrane partially covering the vaginal apertures.
¾¾ Ovulation: The rupturing of the Graafian follicle to release the secondary oocyte (ovum) from the ovary is called 

ovulation.
¾¾ Puberty: A stage at which the immature reproductive system of a boy or girl becomes mature.
¾¾ Primary Sex Organs: It is the reproductive organs that produce gametes and sex hormones.
¾¾ Secondary Sex Organs: It is the reproductive organs that perform functions of reproduction, but do not form 

gametes or secrete sex hormones.
¾¾ Spermatogenesis: It is the process of formation of sperms (spermatozoa) from the immature germ cells in males.
¾¾ Spermiogenesis: It is the process of transformation of non-motile, rounded haploid spermatid into a functional 

and motile spermatozoan.
¾¾ Spermiation: It is the process when mature spermatozoa are released from the Sertoli cells into the lumen of 

seminiferous tubules.
¾¾ Oogenesis: It is the process of formation of a mature ovum from the oogonia in females.
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¾¾ Menstrual cycle: The cyclic events starting from one menstruation till the next that take place during the 
reproductive period is called menstrual cycle.

¾¾ Colostrum: The milk produced during the initial few days of lactation is called colostrum. It contains several 
antibodies essential to develop resistance for newborn babies.

¾¾ Foetal Ejection Reflex: It is the initial and mild contractions of the uterus initiated by the fully developed foetus 
and the placental hormones.

¾¾ Foetus: An advanced stage of the embryo within the uterus.

¾¾ Gestation Period: A period between fertilisation of an ovum and the birth of a baby.

¾¾ Insemination: It refers to the deposition of sperms into the female genital tract.

¾¾ Implantation: It is the process in which the embryo becomes embedded into the wall of the uterus.

¾¾ Lactation: It refers to the feeding of the newborn baby with mother’s milk.

¾¾ Menarche: It is the beginning of menstruation at puberty in primate females.

¾¾ Menopause: It refers to the stoppage of menstruation at around the age of 45 – 50.

 MNEMONICS  

1. Concept: Parts of male reproductive system
Mnemonics: SEVEn UP
Interpretation: Seminiferous tubule, Epididymis, Vas 
deferens, Ejaculatory duct, Urethra , Penis
2. Concept: Male accessory gland
Mnemonics: BSP (Bahujan Samaj party)
Interpretation: Bulbourethral glands, Seminal vesicle, 
Prostate gland
3. Concept: Accessory ducts in females:
Mnemonics: Our United Village
Interpretation: Oviduct, Uterus, Vagina

4. Concept: Accessory ducts in females:

Mnemonics: Infection And Immunity

Interpretation: Infundibulum, Ampulla, Isthmus

5. Concept: External Genitalia (Female)

Mnemonics: Mommy papa like mostly lobia masala 
and Hot Chawal or Mobile’s Light Let Him Crazy

Interpretation: It includes Mons pubis, labia majora, 
labia minora, hymen and clitoris.

6. Concept: Steps involved in Spermatogenesis-

Mnemonics: Government Emphasise on Sovereignty, 
Secularism, Socialism and Security

Interpretation: Germinal Epithelium, Spermatogonia, 
Spermatocytes, Spermatids, Sperm

7.  Concept: Steps in Oogenesis- Interpretation: Ger-
minal Epithelium, Oogonia, Oocyte, Ootid, Ovum

Mnemonics: German Empire Organised Orphan 
Oriented Operation

Interpretation: Germinal Epithelium, Oogonia, 
Oocyte, Ootid, Ovum

8. Concept: Pathsystem of mammary gland:
Mnemonics: MAMMALLS
Interpretation: Mammary gland, Alveoli lumen, 
Mammary tubules, Mammary duct, Ampulla, 
Lactiferous duct, Lactiferous Sinus-MAMMALS
9. Concept: Phases of Menstrual cycle
Mnemonics: FOLM-First Option is Language and 
Maths; (or) Faculty Of Light Music
Interpretation: Follicular phase-Ovulation-Luteal 
phase-Menstruation-

10. Concept: Hormones acting on mammary gland
Mnemonics: HOPEP- Hari Opted for Physical Education 
Program (or) (or) Hotel of Paris Evacuated People (or)
Interpretation: Human Placental Lactogen, Oxytocin, 
Prolactin, Estrogen, Progesteron
11. Concept: Phases of embryonic development:
Mnemonics: GFCIGO-Give Free Chocolate Icing 
Ganache as Ordered
Interpretation: Gametogenesis, Fertilization, Cleav-
age, Implantation, Gastrulation, Organogenesis
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CHAPTER-4 
REPRODUCTIVE HEALTH

Revision Notes

Reproductive Health, Problems and Strategies

Reproductive Health

¾¾ Reproductive health refers to healthy reproductive organs with normal functions.
¾¾ It also includes the emotional and social aspects of reproduction.
¾¾ According to the World Health Organisation (WHO), reproductive health means total well-being in all aspects of 

reproduction, i.e., physical, emotional, behavioural and social.
¾¾ Thus, people having physically and functionally normal reproductive organs, emotional and behavioural 

interactions in all sex-related aspects are called reproductively healthy.

Problems Associated with Reproductive Health

¾¾ Rapid increase in human population called population explosion.
¾¾ Lack of awareness and sex education in people.
¾¾ A number of myths and misconceptions about sex-related aspects.
¾¾ Common occurrence of sexually transmitted diseases.
¾¾ Illegal abortions and female foeticides.
¾¾ Sex abuse and sex-related crimes.

Strategies of Reproductive Health Programmes

¾¾ To achieve total reproductive health programmes called family planning were started in 1951.
¾¾ Improved programmes covering wider reproduction-related areas are currently in operation under the name 

Reproductive and Child Health Care Programmes.
¾¾ The Aim of Reproductive and Child Care Programme was to:

 (a)  Create awareness in both males and females about various reproductive aspects with the help of audio-
visual and print media by both Government and Non-Government agencies.

 (b)  Provide sex education in schools to save the young generation from myths and misconceptions about sex 
1related issues.

 (c)  Prevent and control sexually transmitted diseases by providing the correct information about reproductive 
organs, adolescence and safe and hygienic sexual practices.

 (d)  Educate the fertile couples and those of marriageable age about birth control devices, prenatal and post-
natal care of mother and child, importance of breastfeeding etc.

 (e)  Provide awareness about ill-effects of population explosion, sexual abuses, sex discrimination and sex 
related crimes.

 (f)  Provide medical facilities and support like infrastructural facilities, professional expertise and material 
support to decrease maternal and infant mortality rates.

 (g)  Lessen the problem of infertility by promoting Assisted Reproductive Techniques (ARTs).

Factors Responsible for Improved Reproductive Health of Society

(a) Better awareness about sex-related matters and sex-related problems etc.
(b) Increased number of medically assisted deliveries and better post-natal care leading to decreased maternal and 

infant mortality rates.
(c) Increased number of couples with small families.
(d) Early detection and cure of STDs.
(e) Overall increased medical facilities for all sex-related problems.
(f) Statutory ban on amniocentesis for sex-determination to legally check increasing female foeticides, massive 

child immunisation, etc. Amniocentesis is a foetal sex determination test based on the chromosomal pattern in 
the amniotic fluid surrounding the developing embryo.
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(h) ‘Saheli’–a new oral contraceptive for the females–was developed by scientists at Central Drug Research Institute 
(CDRI) in Lucknow, India.

(i) Rigorous implementation of immunization programs.

How to Control Over Population

¾¾ People should be given education regarding the advantages of small family and 
family planning methods.
¾¾ Increasing the age of marriage.
¾¾ Incentives to those families, which are adopting family planning methods.
¾¾ Birth control through vasectomy and tubectomy.
¾¾ Family planning programmes with the slogan ‘Hum Do Hamare Do’. 

Birth Control

¾¾ The contraceptive methods are used to prevent unwanted pregnancy and modify the 
menstrual cycle. The contraceptive methods are the best way for birth control.
¾¾ An ideal contraceptive should be

 (a) User-friendly
 (b) Easily available
 (c) Effective
 (d) Reversible with no or least side-effects. 
 (e) In no way interfere with the sexual drive, desire and/or the sexual act of the user.

Different methods of birth control are:

Method of Birth Control

Natural

Barrier

Chemical

Spermicides

IUDS

Injectables

Surgical

Oral Contraceptives

Pills

Vasectomy [Male]

Vasectomy [Female]

Implants

Hormonal Injections

Copper Releasing IUDS

Hormone Releasing IUDS

Non-Medicated IUDS

Condoms

Cervical caps

Vaults

Diaphragms

Periodic Abstinence

Coitus withdrawal

Lactational amenorrhoea

Contraceptive Methods

I. Natural Methods: It works on the principle of avoiding chances of ovum and sperms meeting. It includes,
(a) Periodic abstinence: It is a method in which the couples avoid or abstain from coitus from day 10 to 17 of 

the menstrual cycle when ovulation could be expected. As chances of fertilization are very high during this 
period, it is called the fertile period. Therefore, by abstaining from coitus during this period, conception could 
be prevented.

(b) Withdrawal or coitus interruptus: It is another method in which the male partner withdraws his penis from the 
vagina just before ejaculation to avoid insemination. It is the oldest method of voluntary fertility control.

(c) Lactational amenorrhea: It is a method that is based on the fact that ovulation and therefore the cycle does not 
occur during the period of intense lactation following parturition. Therefore, as long as the mother breastfeeds, 
the chances of conception are almost nil. It also has no side effects but is effective only upto a maximum period 
of six months after parturition.

II. Artificial Methods: This involves mechanical or barrier methods. In barrier methods, ovum and sperms are 
prevented from physically meeting with the help of barriers.
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•	 These	methods	are	available	for	both	males	and	females.
•	 It	includes,
(a) Condoms
	 •	 	These	are	barriers	made	of	thin	rubber	or	latex	sheath	that	are	used	to	cover	the	penis	in	the	male	or	vagina	

and cervix in the female, just before coitus so that the ejaculated semen would not enter into the female 
reproductive tract, thereby preventing conception.

	 •	 Using	condoms	also	protect	the	user	from	contracting	STDs	and	AIDS.
	 •	 Both	the	male	and	the	female	condoms	are	disposable,	can	be	self-inserted.
	 •	 One	common	condom	is	‘Nirodh’.

Fig. 4.1: Condom for Male

(b) Diaphragms, Cervical caps and Vaults
 These are also barriers made of rubber that are inserted into the female reproductive tract to cover the cervix 

during coitus. They prevent conception by blocking the entry of sperms through the cervix. They are reusable. 
Spermicidal creams, jellies and foams are usually used along with these barriers to increase their contraceptive 
efficiency.

III. Intra-Uterine Devices (IUDs)
¾¾ Another effective and popular method is the use of Intra-Uterine Devices (IUDs).
¾¾ These devices are inserted by doctors or expert nurses into the uterus through the vagina.
¾¾ These are available as the non-medicated IUDs such as Lippes loop, copper releasing IUDs such as CuT, Cu7, 

Multiload 375 and the hormone-releasing IUDs like Progestasert, LNG-20.
¾¾ IUDs increase phagocytosis of sperms within the uterus and the Cu ions released suppress sperm motility and 

the fertilising capacity of sperms.
¾¾ The hormone-releasing IUDs make the uterus unsuitable for implantation and the cervix hostile to the sperms. 

IUDs are ideal contraceptives for females to delay pregnancy and/or space children.
¾¾ It is one of the most widely accepted methods of contraception in India.

IV. Chemical Methods: These are of the following types:
(i) Spermicidal tablets, jellies, paste and creams introduced in the vagina before coital activity. These kill sperms. 
Common spermicidal chemicals used are lactic acid, citric acid, potassium permanganate, zinc sulphate etc.

Oral Contraceptives
(a) Pills
¾¾ Oral administration of small doses of either progestogens or progestogen–estrogen combinations is another 

contraceptive method used by females.
¾¾ They are used in the form of tablets and hence are popularly called pills.
¾¾ Pills have to be taken daily for of 21 days preferably within the first five days of the menstrual cycle.
¾¾ After a gap of 7 days, (during which menstruation occurs) it has to be repeated in the same pattern till the female 

desires to prevent conception.
¾¾ The oral contraceptives inhibit ovulation and implantation as well as alter the quality of cervical mucus to 

prevent or retard entry of sperms.
¾¾ Pills are very effective with lesser side effects.
¾¾ Saheli, the new oral contraceptive for the females contains a non-steroidal preparation.
¾¾ It is a ‘once a week’ pill with very few side effects and high contraceptive value

Drawbacks of Oral Contraceptives: Nausea, abdominal pain, breakthrough bleeding, irregular menstrual bleeding, 
breast cancer etc.
Injections and Implants
¾¾ Progestogens alone or in combination with estrogen can be used by females as injections or implants under the 

skin.
¾¾ Their mode of action is similar to that of pills and their effective periods are much longer.
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¾¾ Administration of progestogens or progestogen-estrogen combinations or IUDs within 72 hours of coitus is very 
effective as emergency contraceptives as they could be used to avoid possible pregnancy due to rape or casual 
unprotected intercourse.

V. Surgical Methods: Surgical methods are also called sterilization.
¾¾ This is a terminal method advised for the male/female partner to prevent any more pregnancies.
¾¾ Surgical intervention blocks gamete transport and thereby preventing conception.
¾¾ Sterilisation procedure in the male is called ‘vasectomy’ while that in the female is called ‘tubectomy’.
¾¾ In vasectomy, a small part of the vas deferens is removed or tied up through a small incision on the scrotum 

whereas, in tubectomy, a small part of the fallopian tube is removed or tied up through a small incision in the 
abdomen or through the vagina.
¾¾ These techniques are highly effective but their reversibility is very poor.

Fig. Vasectomy in Male

Vas deferens

tied and cut

Fallopian tubes

tied and cut

Fig. Tubectomy in Female
 Fig. 4.2: Vasectomy in Male Fig. 4.3: Tubectomy in Female

Disadvantages of Contraceptive Methods

¾¾ The selection of a suitable contraceptive method should always be undertaken in consultation with qualified 
medical professionals.
¾¾ The contraceptives are not regular requirements for the maintenance of reproductive health.
¾¾ They are practiced against a natural reproductive event.
¾¾ It may cause ill-effects like nausea, abdominal pain, breakthrough bleeding, irregular menstrual bleeding or even 

breast cancer.

Medical Termination of Pregnancy (MTP)

¾¾ Intentional or voluntary termination of pregnancy before full term is called (MTP) or induced abortion.
¾¾ MTP has a significant role in decreasing the population.
¾¾ Accepting or legalizing MTP is in debate due to emotional, ethical, religious and social issues.
¾¾ Government of India legalized MTP in 1971 with some strict conditions to avoid its 

misuse such as to check indiscriminate and illegal female foeticides.

Disadvantages of MTP

¾¾ MTPs are safe during the first trimester, up to 12 weeks of pregnancy. Second 
trimester abortions are very risky. 
¾¾ Majority of the MTPs are performed illegally by unqualified quacks which are not only unsafe but could be fatal 

too.
¾¾ It is being misused to determine the sex of the unborn child.

Importance/Advantages of MTP

¾¾ To avoid unwanted pregnancies due to casual intercourse or failure of the contraceptive used during coitus or 
rapes.
¾¾ Essential in cases where continuation of the pregnancy could be harmful to the mother or the foetus or both.

Major Misuses Related to MTPs

¾¾ Majority of the MTPs are performed illegally.
¾¾ Misuse of amniocentesis: A foetal sex determination test based on the chromosomal pattern in the amniotic 

fluid).If the foetus is female, MTP is followed. Such practices are dangerous for the young mother and foetus.
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Amniocentesis

¾¾ It is a prenatal diagnostic method to determine the sex of the developing baby. This method has both positive 
and negative applications.

 (a)  Positive application: It helps to detect any genetically controlled congenital disease or any metabolic 
disorders in foetus.

 (b)  Negative application: People use this method for sex determination leading to female foeticide.

Sexually Transmitted Diseases (STDs)

¾¾ Diseases transmitted through sexual intercourse are called Sexually transmitted diseases (STDs)/Venereal 
diseases (VD) or Reproductive tract infections (RTI). e.g. Gonorrhoea, syphilis, genital herpes, chlamydiasis, 
genital warts, trichomoniasis, hepatitis-B and HIV leading to AIDS.
¾¾ Hepatitis-B and HIV are also transmitted:

 (a) By sharing of injection needles, surgical instruments etc.
 (b) By transfusion of blood.
 (c) From infected mother to foetus.
¾¾ Except Hepatitis B, genital herpes, HIV and other diseases are completely curable if detected early and treated 

properly.
¾¾ Early symptoms: Itching, fluid discharge, slight pain, swellings, etc., in the genital region.
¾¾ Absence or less significant early symptoms and the social stigma deter the infected persons to consult a doctor. 

This leads to pelvic inflammatory diseases (PID), abortions, stillbirths, ectopic pregnancies, infertility, cancer of 
the reproductive tract etc.
¾¾ All persons are vulnerable to STDs. These are very high among persons in the age group of 15-24 years.

Prevention:
(a) Avoid sex with unknown partners/multiple partners.
(b) Always use condoms during coitus.
(c) In case of doubt, go to a qualified doctor for early detection and get complete treatment.

Infertility

¾¾ It is the inability of males or females to produce children.
¾¾ The reasons for this may be physical, congenital, diseases, drugs, immunological or even psychological.

Assisted Reproductive Technologies (ART)

(1) In vitro fertilisation (IVF–test tube baby programme): In this method, ova from the wife/donor and sperms 
from the husband/donor are collected and are induced to form zygotes under simulated conditions in the 
laboratory. This is followed by Embryo transfer (ET).

 It is of two types :
 (a)  Zygote Intra Fallopian Transfer (ZIFT): Transfer of zygote or early embryos (with up to 8 blastomeres) into 

the fallopian tube.
 (b)  Intra Uterine Transfer (IUT): Transfer of embryos with more than 8 blastomeres into the uterus. Embryo 

formed by in vivo fertilisation (fertilisation within the female) is also used for such transfer to assist those 
females who cannot conceive.

(2) Gamete Intra Fallopian Transfer (GIFT): Transfer of an ovum from a donor into the fallopian tube of another 
female who cannot produce ovum, but can provide a suitable environment for fertilization and development.

(3) Intra Cytoplasmic Sperm Injection (ICSI): A laboratory procedure in which a single sperm (from a male 
partner) is injected directly into an egg (from a female partner). Then the fertilised egg is implanted into the 
woman’s uterus.

(4) Artificial Insemination (AI) technique:
	 •	 	The	semen	collected	from	the	husband	or	a	healthy	donor	is	artificially	introduced	into	the	vagina	or	the	

uterus (IUI– intra-uterine insemination) of the female.
	 •	 	This	technique	is	useful	for	the	male	partner	having	the	inability	to	inseminate	female	or	low	sperm	counts	

etc.
(5) Surrogacy
	 •	 	Here,	a	woman	(surrogate	mother)	bears	a	child	for	a	couple	unable	to	produce	children,	because	the	wife	is	

infertile or unable to carry.
	 •	 	The	surrogate	is	impregnated	either	through	artificial	insemination	or	through	implantation	of	an	embryo	

produced by in vitro fertilisation.
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Problems of ART

¾¾ It requires high precision handling by specialized professionals and expensive instrumentation. Therefore, these 
facilities are available only in very few centres.
¾¾ Emotional, religious and social problems.
¾¾ Legal adoption is one of the best methods for couples looking for parenthood.

Sexually Transmitted Diseases (STDs), Assisted Re-
productive Technologies (ART) and Infertility

Sexually Transmitted Diseases (STDs)

¾¾ Diseases or infections which are transmitted through sexual intercourse are called sexually transmitted diseases 
(STD) or venereal diseases (VD) or reproductive tract infections (RTI).
¾¾ It includes gonorrhoea, syphilis, genital herpes, chlamydiasis, genital warts, trichomoniasis, hepatitis-B and HIV 

leading to AIDS.
¾¾ HIV infection is most dangerous. 
¾¾ Hepatitis–B and HIV infections are transmitted by sharing of injection needles, surgical instruments, etc., with 

infected persons, transfusion of blood, or from an infected mother to the foetus too.
¾¾ Except for hepatitis-B, genital herpes and HIV infections, other diseases are completely curable if detected early 

and treated properly.
¾¾ Symptoms of Sexually Transmitted Diseases

 (a) Early symptoms are itching, fluid discharge, slight pain, swellings, etc., in the genital region.
 (b) Infected females may often be asymptomatic and hence, may remain undetected for long.
 (c)  Absence or less significant symptoms in the early stages of infection and the social stigma attached to the 

STDs deter the infected persons from going for timely detection and proper treatment leading to pelvic 
inflammatory diseases (PID), abortions, stillbirths, ectopic pregnancies, infertility or even cancer of the 
reproductive tract. ?

Prevention of STDs
¾¾ STDs are a major threat to a healthy society and therefore one could prevent by following the simple principles:

 (i) Avoid sex with unknown partners/multiple partners.
 (ii) Always use condoms during coitus.
 (iii) Go to a qualified doctor for early detection and get complete treatment if diagnosed with the disease.
 (iv) Awareness about STDs.
 (v) Using sterilized needles and syringes.

Infertility
¾¾ A large number of couples are unable to produce children despite unprotected sexual cohabitation.
¾¾ The reasons could be many–physical, congenital, diseases, drugs, immunological or even psychological.
¾¾ Often the female is blamed for the couple being childless, but more often the problem lies in the male partner.
¾¾ Specialized health care units such as infertility clinics enable these couples to have children.

Causes of Infertility in Males and Females
¾¾ In males,

 (a) Low semen quality.
 (b) Low sperm count called oligospermia.
 (c) Absence of sperms called azoospermia
 (d) Sexual dysfunction.
¾¾ In females,

 (a) Polycystic ovarian syndrome.
 (b) Age-related factors.
 (c) Uterine problem.
 (d) Blockage or damage in the fallopian tube.
 (e) Previous tubal ligation.

Assisted Reproductive Technologies [ART]
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¾¾ The couples could be assisted to have children through certain special techniques commonly known as assisted 
reproductive technologies (ART).
¾¾ This technology includes IVF, IUT, ICSI, ZIFT, GIFT, AI etc.

 (a) IVF [In vitro Fertilisation] and In vivo Fertilisation
	 	 •	 	Here,	the	fertilisation	takes	place	outside	the	body	followed	by	embryo	transfer	(ET).
	 	 •	 	This	method	is	popularly	known	as	test-tube	baby	programme	in	which	ova	from	the	wife/donor	(female)	

and sperms from the husband/donor (male) are collected and induced to form zygote under simulated 
conditions in the laboratory. 

	 	 •	 	In	 in-vivo fertilisation, the embryos are formed by fusion of gametes within the female also could be 
used for such transfer to assist those females who cannot conceive.

 (b) ZIFT [Zygote Intra Fallopian Transfer] and IUT [Intra Uterine Transfer]
	 	 •	 	When	the	zygote	or	early	embryos	develop	into	8	blastomeres,	 it	 is	transferred	into	the	fallopian	tube.	

This method is called ZIFT.
	 	 •	 	When	the	zygote	or	embryos	is	more	than	8	blastomeres,	it	is	directly	placed	into	the	uterus	for	its	further	

complete development. This method is called IUT.
 (c) GIFT [Gamete Intra Fallopian Transfer]
	 	 •	 	In	 this	 method,	 the	 ovum	 collected	 from	 a	 donor	 is	 transferred	 into	 the	 fallopian	 tube	 of	 another	

female who cannot produce one, but can provide a suitable environment for fertilisation and its further 
development.

 (d) ICSI [Intra Cytoplasmic Sperm Injection]
	 	 •	 	In	this	method,	a	single	sperm	collected	is	directly	injected	into	the	ovum	using	a	micro	needle.
	 	 •	 	This	method	is	used	in	case	of	male	infertility	where	the	sperm	count	is	low.
 (e) AI [Artificial Insemination]
	 	 •	 	In	this	technique,	the	semen	collected	either	from	the	husband	or	a	healthy	donor	is	artificially	introduced	

either into the vagina or into the uterus (IUI – intra-uterine insemination) of the female.
	 	 •	 	This	method	is	used	in	infertility	cases	either	due	to	the	inability	of	the	male	partner	to	inseminate	the	

female or due to very low sperm counts.

Disadvantages in ART
(a) It requires extremely high precision handling by specialised professionals and expensive instrumentation.
(b) It is affordable to only a limited number of people.

Child Adoption 
¾¾ Legal adoption is one of the best methods for couples looking for parenthood.
¾¾ If the orphaned and destitute children are taken care of they could survive till maturity if adopted childless 

couples
¾¾ Emotional, religious and social factors are deterrents in the adoption of these methods 

Know the Terms
¾¾ IUD: Intra-Uterine Devices. These are the devices inserted in the uterus to achieve contraception.
¾¾ Population Explosion: It refers to an enormous increase in the population in a short time.
¾¾ Periodic Abstinence: It is a natural method of contraception in which the couples avoid coitus from day 10 to 17 

of the menstrual cycle.
¾¾ Lactational Amenorrhea: It refers to the absence of menstruation during the period of intense lactation following 

parturition.
¾¾ Zygote Intra Fallopian Transfer (ZIFT): It stands for zygote intra fallopian transfer. In ZIFT, the sperm from a 

donor male and the ova from a donor female are fused in the laboratory. The zygote so formed is transferred into 
the fallopian tube at the 8 blastomeres stage.
¾¾ GIFT: It stands for gamete intrafallopian. In GIFT, females who cannot produce ovum, but can provide suitable 

conditions for the fertilisation of the ovum, are provided with an ovum from a donor.
¾¾ ICSI: It stands for intra cytoplasmic sperm injection. In this method, sperm is directly injected into the cytoplasm 

of the ovum.
¾¾ Infertility: Couples cannot produce a baby even after unprotected intercourse.
¾¾ Intra Uterine Transfer (IUT): It involves the transfer of embryos with more than 8 blastomeres into the uterus.
¾¾ Artificial insemination (AI) technique: It is the method of transferring semen (sperm) collected from the husband 

or a healthy donor into the vagina or the uterus (IUI – intra-uterine insemination) of the recipient female
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¾¾ MTP: Medical Termination of Pregnancy. It is the intentional or voluntary termination of pregnancy or induced 
abortion.
¾¾ RCH: Reproductive and Child Health care
¾¾ WHO: World Health Organisation
¾¾ STD: Sexually Transmitted Disease
¾¾ MMR: Maternal Mortality Rate
¾¾ IMR: Infant Mortality Rate
¾¾ ZPG: Zero Population Growth
¾¾ MESA: Microsurgical Epididymal Sperm Aspiration
¾¾ STD: Sexually Transmitted Diseases
¾¾ VD: Venereal Diseases
¾¾ RIT: Reproductive Tract Infections
¾¾ AIDS: Acquired Immunodeficiency Syndrome
¾¾ PID: Pelvic Inflammatory Diseases (PID)
¾¾ ARTs: Assisted Reproductive Technologies
¾¾ IVF: In vitro Fertilisation
¾¾ ZIFT: Zygote Intra Fallopian Transfer
¾¾ IUT: Intra Uterine Transfer
¾¾ GIFT: Gamete Intra Fallopian Transfer
¾¾ ICSI: Intra Cytoplasmic Sperm Injection
¾¾ AI: Artificial Insemination
¾¾ GIFT: It is the method of transfer of an ovum from donor to another female who cannot produce it, but can 

provide a suitable environment for fertilisation and its further development.
¾¾ Infertility: Couples cannot produce children despite unprotected sexual cohabitation.
¾¾ IVF: It refers to fusion of gametes outside the body in the laboratory in petri-dish.
¾¾ ZIFT: It is the method in which the zygote or early embryo upto 8-blastomeres is transferred into the fallopian 

tube.

 MNEMONICS  

1. Concept: Intra Uterine Devices
Mnemonics: Cat Can Never March
Interpretation: Copper releasing IUD’s- CuT, Cu7, 
Nova T, Multiload 375
2.  Concept: Hormone releasing IUD-Hormone 

Releasing-LNG20, Progestasert
Mnemonics HeLP Or Harsh Raj Loves Pizza
Interpretation: Hormone Releasing-LNG20, Proges-
tasert

3. Concept: Non-medicated IUD
Mnemonics: NMLL- Never Mind Lover’s Language (or) 
Never Mix Language and literature
Interpretation: Non-medicated IUD-Lippes loop
4. Concept: Barrier Methods

Mnemonics: CDC Volunteered Student’s Junior 
Fellowship
Interpretation: Condoms, Diaphragm, Cervical caps, 
Vaults, Spermicidal creams, jellies, foams.

5. Concept: Sexually transmitted diseases
MNEMONICS: Sexually Transmitted Conditions When 
Happen Have High Growth
Interpretation:
S = Syphilis
T = Trichomoniasis
C = Chlamydiasis
W = Warts
H = Herpes
H = Hepatitis B
H = HIV (AIDS)
G = Gonorrhoea
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CHAPTER-5 
PRINCIPLES OF INHERITANCE AND VARIATION

Mendel’s Principles of Inheritance and Chromosomal  
Theory of Inheritance

Life Span

¾¾ Genetics (Greek word: Genesis meaning decent) is a branch of biology that deals with the study of inheritance, 
heredity and variation of characters from parents to offspring.
¾¾ Inheritance is the process of transmission of characters from parents to progeny.
¾¾ Heredity – (Latin word – Hereditas meaning heirship or inheritance) Resemblance between parents and 

offsprings.
¾¾ Father of Genetics: Gregor Johann Mendel. First to conduct experiments to understand the pattern of inheritance 

of variation in living beings. 
¾¾ Mendel’s Experiments:
¾y Mendel conducted hybridization experiments on garden peas (Pisum sativum) for seven years (1856-1863).
¾y He selected 14 true - breeding pea varieties, as pairs that were similar except for character with contrasting 

traits.
¾y Mendel was the first one to apply statistical analysis and mathematical logic to problems in biology. 
¾y Reason for selecting garden pea plant:

(a) Easy availability on a large scale.
(b) Pea plants have bisexual flowers.
(c) Many varieties are available with distinct characteristics.
(d) Garden pea plants are self-pollinated and can be cross-pollinated also.
(e) Pea flowers are self-pollinating flowers, thus are mostly pure line as they bear 

the same character generation after generation. 
(f) Life span is short.

¾y Mendel selected seven pairs of true breeding pea varieties:

S.No. Characters Dominant Recessive

1. Height of the stem Tall Dwarf

2. Colour of the flower Violet White

3. Position of the flower Axial Terminal

4. Shape of the pod Inflated Constricted

5. Colour of the Pod Green Yellow

6. Shape of seed Round Wrinkled

7. Colour of seed yellow green

¾y He observed one trait at a time.
¾¾ Inheritance of one Gene

 Steps in Making a Cross in Pea Plants
¾y Selection of two pea plants with contrasting characters.
¾y Removal of anthers (emasculation) of one plant to avoid self-pollination. This is a female parent.
¾y Collection of pollen grains from the other plant (male parent) and its transference to female parent 

(pollination).
¾y Collection of seeds and production of offspring.
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Petal

Stigma

Anther

Stamen

Carpel

Removal of anthers

(Emasculation)

ParentParent

Transter of Pollen

(Pollination)

Fig. 5.1: Steps of making a cross in Pea

¾y These hybrid offsprings including the seeds constitute the next generation termed filial1 progeny or the F1 
generation.

¾y The plants of F1 generation were allowed to perform self-pollination. The seeds and plants raised from them 
constitute the filial2 or F2 generation.

Back Cross and Test Cross

¾¾ Back cross: When crossing takes place between F1 hybrids with any of parent, it is known as back cross.
¾¾ Test cross: When crossing takes place between F1 hybrids with its recessive parent, it is known as test cross.
¾¾ The ratio of test cross =1: 1.
¾¾ It is used to find out the unknown genotype.
¾¾ Mendel conducted test cross to determine the F2 genotype.

Homozygous

recessive

Homozygous

recessive
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Result

Interpretation

All flowers are violet

Unknown flower

is homozyous dominant

Dominant Phenotype

(Genotype unknown)

Half of the flowers are violet and

half of the flowers are white

Unknown flower is heterozygous

ww

Fig. 5.2: Diagrammatic representation of a test cross

Mendel’s Principles or Laws of Inheritance

(a) First Law or Law of dominance:
¾y Characters are controlled by discrete units called factors.
¾y Factors occur in pairs.
¾y First Law or Law of dominance states that characters are controlled by genes occurring in pairs. In a dissimilar 

pair of factors or contrasting alleles, i.e., in heterozygous condition, are present in an organism, only one 
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factor (dominant) expresses itself in F1 generation whereas the other factor (recessive) remains hidden. 3: 1 
ratio is obtained in the F2 generation.

(b) Second Law or Law of segregation states that 
during gamete formation, the factor (alleles) of 
a character pair presents in parents segregate or 
separate such that a gamete receives only one of 
the two factors. Homozygous parent produces 
similar gametes, e.g., TT or tt. Heterozygous parent 
produces two kinds of gametes in equal proportion 
each having one allele e.g., Tt, they are not pure and 
are called hybrid for that character.
(c) Third Law or Law of independent assortment 
states that (in dihybrid cross) the alleles of two 
(or more) different genes get sorted into gametes 
independently of one another.
¾¾ The Concept of Dominance
¾y In heterozygotes, there are dominant and 

recessive alleles.
¾y The normal (unmodified or functioning) 

allele of a gene produces a normal enzyme 
that is needed for the transformation of a 
substrate.

¾y The modified allele could be responsible for 
production of:

 (i) The normal/less efficient enzyme - The 
modified allele will produce the same 
phenotype like unmodified allele, i.e., 
it will be result in the transformation of 
substrate.

 (ii) A non-functional enzyme
 (iii) No enzyme at all 

¾y In the first case: The modified allele will produce the same phenotype like unmodified allele. It becomes 
dominant. 

¾y In (ii) and (iii) case, the phenotype will only be dependent on the functioning of the unmodified allele. Here, 
the modified allele becomes recessive. The recessive trait is seen due to non-functional enzyme or absence of 
the enzyme.

¾¾ Non-mendelian Inheritance
(a) Incomplete Dominance

¾y It is an inheritance in which heterozygous offspring shows intermediate character 
between two parental characteristics.

¾y E.g. Flower colour in snapdragon (dog flower or Antirrhinum sp.) and Mirabilis 
jalapa (4’O clock plant).

¾y In a cross between true-breeding red-flowered (RR) and true-breeding white-
flowered plants (rr), the F1 (Rr) was pink. 

¾y When the F1 was self-pollinated the F2 progeny showed the following ratio = 
1(RR) Red : 2(Rr) Pink : 1(rr) white.

¾y Here, F2 phenotypic and genotypic ratios are same.
¾y Phenotypic Ratio: 1 Red: 2 Pink: 1 White
¾y Genotypic Ratio: 1 (RR): 2 (Rr): 1 (rr)
¾y This means that R was not completely dominant over r.
¾y Pea plants also show incomplete dominance in other traits.

(b) Co-dominance
¾¾ It is the inheritance in which both alleles of a gene are expressed in a hybrid. e.g., ABO blood grouping in human.
¾¾ ABO blood groups are controlled by gene I.
¾¾ The plasma membrane of the RBC has sugar polymers that protrude from its surface and is controlled by the 

gene.
¾¾ The gene (I) has three alleles IA, IB and i.
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Fig. 5.3: Results of dihybrid cross
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¾¾ The alleles IA and IB produce	a	slightly	different	form	of	sugar	while	allele	(‘i’)	does	not	produce	any	sugar.	•	
When IA and IB are present together they both express their types of sugars. This is due to co-dominance.

RR

rr

RrRr

R

r

R

r

rR

Red (RR) White (rr)

P generation

Gametes

F generation1

All pink (Rr)

Gametes

F generation2

Gametes

Phenotypic ratio : red : pink : white

1 : 2 : 1

Genotypic ratio : RT : Rr : rr

1 : 2 : 1

Fig. 5.4: Incomplete dominance in the plant Snapdragon

Allele from 
parent 1

Allele from 
parent 2

Genotype of 
offspring

Blood types 
of offspring

Antigen type Antibodies 
type

IA IA IA IA A A B
IA IB IA IB AB AB O
IA i IA i A A B
IB IA IA IB AB AB O
IB IB IB IB B B A
IB i IB i B B A
i i ii O O B

(c) Multiple Allelism
¾¾ Here more than two alleles govern the same character.
¾¾ Since in an individual only two alleles can be present, multiple alleles can be found only when population studies 

are made.
¾y e.g. Multiple Allelism can also be explained by ABO blood grouping. ABO blood grouping has three alleles: 

IA, IB and i.
(d) Pleiotropy
¾¾ A single gene which shows multiple phenotypic expressions is called pleiotropy.
¾¾ The mechanism of pleiotropy is the effect of a gene on metabolic pathways which contribute to different 

phenotypes.
¾¾ e.g. starch synthesis in pea seeds, sickle cell anaemia, Phenylketonuria etc.

(i) Starch synthesis in pea plant
¾y Starch synthesis in pea seeds is controlled by one gene.
¾y It has two alleles (B and b).
¾y Starch is synthesized effectively by BB homozygotes and therefore, large starch grains are produced while bb 

homozygotes have lesser efficiency in starch synthesis and produce smaller starch grains.
¾y After maturation of the seeds, BB seeds are round and the bb seeds are wrinkled.
¾y Heterozygotes produce round seeds and so B seems to be the dominant allele.
¾y But, the starch grains produced are of intermediate size in Bb seeds.
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Effective starch synthesis

BB

Lesser starch synthesis

bb
×

Large sized seeds Small sized seeds

B b

Bb (intermediate sized seeds)

Gametes :

So, if the starch grain size is considered as the phenotype, then the alleles show incomplete dominance.
¾y Therefore, dominance is not an autonomous feature of a gene or the product that it has information for.
¾y It depends on the gene product and the production of a particular phenotype when more than one phenotype 

is influenced by the same gene.
(ii) Phenylketonuria: It is a disorder caused due to a recessive mutant allele on chromosome 12 (autosome). The 
affected individual lacks an enzyme phenylalanine hydroxylase that converts the amino acid phenylalanine into 
tyrosine. As a result, phenylalanine and its derivatives accumulate in the blood and cerebrospinal fluid leading to 
retardation. Excess phenylalanine is secreted in the urine.
(e) Polygenic inheritance
¾¾ In 1833, Galton discovered polygenic inheritance. Polygenic traits are traits controlled by three or more genes 

(multiple genes). Phenotype shows involvement of each allele which are influenced by the environment and is 
known as quantitative inheritance. For example, human skin colour is caused by pigment called melanin. The 
amount of melanin is due to three pairs of polygenes (A, B and C). If black or very dark (AA BB CC) and white 
or very light (aa bb cc) individuals marry each other, the offspring shows intermediate colour called mulatto (Aa 
Bb Cc).

(f) Complementary genes: These are one of two or more genes that when present together produce effects 
qualitatively distinct from the separate effect of any one of them. The F2 ratio is generally 9: 7.
¾¾ In 1900, de Vries, Correns & von Tschermak independently rediscovered Mendel’s results.
¾¾ Mendel’s work remained unrecognized till 1900 because,

 (a) Communication was not easy.
 (b) His mathematical approach was new and unacceptable.
 (c)  The concept of genes (factors) as stable and discrete units was not accepted. (Mendel could not explain the 

continuous variation seen in nature).
 (d) Mendel could not provide any physical proof for the existence of factors.
¾¾ Chromosomal Theory (1902): Walter Sutton & Theodor Boveri
¾y According to them, the pairing and separation of a pair of chromosomes lead to segregation of a pair of 

factors they carried.
¾y Sutton united the knowledge of chromosomal segregation with Mendelian principles and called it the 

chromosomal theory of inheritance.
¾y It states that,

(a) Chromosomes are the vehicles of heredity that are transmitted from parents to offspring, i.e., they are 
immortal.

(b) Two identical chromosomes form a homologous pair.
(c) They segregate at the time of gamete formation.
(d) Independent pairs segregate independently of each other.
(e) Chromosomes are mutable. 

¾y Genes are present on chromosomes. Hence they show similar behaviours.

G1

Meiosis I

anaphase

Meiosis I

anaphase

Germ cells

Bivalent

G2

Fig. 5.5: Meiosis and Germ cell formation in a cell with four chromosomes
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¾¾ Chromosomal Theory of Inheritance in Fruit Flies
¾y Thomas Hunt Morgan proved the chromosomal theory of inheritance using fruit flies (Drosophila 

melanogaster).
¾y It is the suitable material because,

(a) It breeds very quickly.
(b) It has a shorter generation time (life cycle: 12–14 days).
(c) Breeding can be done throughout the year.
(d) Hundreds of progenies can be produced per mating.
(e) They can grow on a simple synthetic medium.
(f) Male and female flies are easily distinguishable.
(g) It has many types of hereditary variations that can be seen with low power microscopes.

¾¾ Recombination: It is the generation of non-parental gene combinations.
¾¾ Linkage: The physical association of two or more genes on a chromosome is known as linkage. They do not 

show independent assortment.
¾¾ Sex-Linked Genes
¾y Morgan carried out several dihybrid crosses in Drosophila to study sex-linked genes.
¾y Cross 1: Yellow-bodied, white-eyed females X Brown-bodied, red-eyed males (wild type).
¾y Cross 2 : White-eyed, miniature winged X Red-eyed, large winged (wild type).
¾y Morgan intercrossed their F1 progeny and found that:

(a) The two genes did not segregate independently of each other.
(b) The F2 ratio deviated from the 9: 3: 3: 1 ratio (when the two genes are independent).
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Fig. 5.6: Linkage e.g. : Results of two dihybrid crosses conducted by Morgan
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(c) Genes were located on the X chromosome
(d) When two genes were situated on the same chromosome, the proportion of parental gene combinations 

was much higher than the non-parental type. This is due to linkage.
(e) Genes white-eyed and yellow-bodied were very tightly linked and showed only 1.3% recombination 

while white and miniature wings showed 37.2% recombination (loosely linked).
¾y Thus, the tightly linked genes show low recombination while loosely linked genes show high recombination.

¾¾ In the Fig. 5.6. Cross A shows crossing between gene y and w; Cross B shows crossing 
between gene w and m. Here dominant wild type alleles are represented with (+) 
sign. The strength of linkage between y and w is higher than w and m.
¾¾ Mapping
¾y Alfred Sturtevant used the recombination frequency between gene pairs on the 

same chromosome as a measure of the distance between genes and ‘mapped’ 
their position on the chromosome.

¾y Genetic maps are used as a starting point in the sequencing of genomes as was 
done in Human Genome Sequencing Project. 

Sex Determination and Chromosomal Disorders

Sex Determination

¾¾ Henking (1891) studied spermatogenesis in some insects and observed that 50% of sperms received a nuclear 
structure after spermatogenesis, whereas the other 50% of sperms did not receive it.
¾¾ Henking called this structure the X body (later it is called as X-chromosome).
¾¾ Later it was observed that the ovum that receives the sperms with X body become female and those which 

do not receive becomes males. Hence, this X body was called sex chromosome due to its involvement in the 
determination of sex and other chromosomes were called autosomes.
¾¾ Autosomes are chromosomes other than sex chromosomes.
¾¾ Number of autosomes is the same in males and females.
¾¾ Sex chromosomes i.e., allosomes (X & Y) are the chromosomes that are involved in sex determination.

Mechanism of Sex Determination

¾¾ (i) The Male Heterogamety: In this mechanism, the male produces two different types of gametes. It includes,
¾¾ (a) XX – XO Mechanism:
¾¾ Here, the male is heterogametic, i.e., XO (Gametes with X and gametes without X) and female is homogametic, 

i.e., XX (all gametes are with X-chromosomes). 
MALE

AA XO�

A X� A O�

AA XX�
AA XX�

AA XO�

AA XO�

AA XX�

A X� A X�

FEMALE

PARENTS

GAMETES

OFFSPRING

MALE

FEMALE
FEMALE

MALE

¾¾ Eggs fertilised by sperms having an X-chromosome become females and those fertilised by sperms that do not 
have X-chromosome become males.
¾¾ e.g. Some insects such as grasshoppers, cockroaches and roundworms

(b) XX – XY Mechanism:
¾¾ Here, the male is heterogametic (X & Y) and female is homogametic (X only).
¾¾ e.g. Human & Drosophila and most of the insects.
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MALE

¾¾ (ii) The Female Heterogamety: In this mechanism, the total number of chromosomes is the same in both males 
and females. Here, the female produces two different types of gametes.

(a) ZZ – ZW Mechanism:
¾¾ Here, the male is homogametic (ZZ) and female is heterogametic (Z & W).
¾¾ e.g. Birds.
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(b) ZZ – ZO mechanism:
¾¾ In this mechanism, the female is heterogametic (ZO) and male is homogametic (ZZ).
¾¾ E.g., some butterflies and moths.
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Sex Determination in Humans (XX-XY type)

¾¾ Human has 23 pairs of chromosomes in which 22 pairs 
are autosomes and 1 pair is sex chromosomes.
¾¾ A pair of X-chromosomes (XX) is present in the female 

whereas X and Y chromosomes are present in male.
¾¾ During spermatogenesis, the males produce two types of 

gametes, 50% with X-chromosome and 50% with 
Y-chromosome i.e., ( 22 + Y) and (22 + X). 
¾¾ Females produce the ovum with an X-chromosome.
¾¾ There is an equal probability of fertilization of the ovum with the sperm carrying either X or Y chromosome.
¾¾ The sperm determines whether the offspring is male or female. 

Haplodiploid Sex Determination in Honey Bee

¾¾ The sex determination in honey bees is based on the number of chromosomes an individual receives.
¾¾ An offspring formed from the fusion of a sperm and an egg develops as a female queen or worker and an 

unfertilized egg develops as a male drone by parthenogenesis.
¾¾ This shows that the males have half the number of chromosomes than that of female.
¾¾ The females are diploid having 32 chromosomes and males are haploid having 16 chromosomes.

Gametes :

44A + XY 44A + XX

22A+X22A+Y22A+X

44A+XX 44A+XY

+

+
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¾¾ This is called haplodiploid sex determination system.
¾¾ The special characteristic feature is that the males produce sperms by mitosis, hence do not have a father and 

cannot have sons, but have a grandfather and can have grandsons.

Parents

Gametes :

F :1

Female

32

Meiosis

1616

Male

16

Sex Determination in Honey Bee

Male

16

Meiosis

16

Female

32

Fig. 5.8: Sex Determination in Honey Bee

Mutation
¾¾ It is a sudden heritable change in DNA sequences resulting in changes in the genotype and the phenotype of an 

organism.
¾¾ It leads to variation in DNA.
¾¾ The loss (deletions) or gain (insertion/duplication) of a segment of DNA, resulting in alteration in chromosomes. 

Since genes are known to be located on chromosomes, alteration in chromosomes results in abnormalities or 
aberrations. 
¾¾ Chromosomal aberrations are seen in cancer cells.
¾¾ Causes of Mutation

 (a) Frame-shift mutation: Loss (deletions) or gain (insertion/duplication) of a DNA segment.
 (b) Point mutation: Mutation due to change in a single base pair of DNA. e.g., sickle cell anaemia. 
¾¾ The physical and chemical factors that induce mutations are referred to as mutagens.
¾¾ Mutagens (agents which induce mutation) include,

 (a) Physical mutagens: UV radiation, α, β, γ rays, X-ray etc.
 (b) Chemical mutagens: Mustard gas, phenol, formalin etc.

Pedigree Analysis

¾¾ The practice of analysing inheritance pattern of traits in a several generations of a family is called the pedigree 
analysis.
¾¾ The representation or chart showing family history is called family tree (pedigree). 
¾¾ In human genetics, the pedigree study provides a strong tool, which is utilised to trace the inheritance of a 

specific trait, abnormality or disease.
¾¾ Some of the important standard symbols used in the pedigree analysis are as follows:

Symbols Pedigree Analysis

Male

Female

Sex unspecified 

Affected individuals

Mating 

Mating between relatives (consanguine-
ous mating)
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Symbols Pedigree Analysis

Parents above and children below in order 
of birth from left to right

Parents with male child affected with dis-
ease

5
Five unaffected offspring

Fig. 5.9: Symbols used in the human pedigree analysis

Genetic Disorders

(a) Mendelian Disorders
¾¾ It is caused by alteration or mutation in a single gene.
¾¾ The pattern of inheritance of Mendelian disorders can be traced in a family by the 

pedigree analysis.
¾¾ e.g., Haemophilia, Cystic fibrosis, Sickle-cell anaemia, Colour blindness, Phenylketonuria, 

Thalassemia, etc.
¾¾ Mendelian disorders may be dominant or recessive. 
¾¾ By pedigree analysis one can easily understand whether the trait is dominant or recessive.
¾¾ A pedigree representation for dominant and recessive traits or characters linked to both autosomes and sex 

chromosome is as follows:

Autosomal Dominant Trait, Myotonic dystrophy Autosomal Recessive Trait, Sickle cell anaemiaFig. 5.10: Autosomal Dominant Trait, Myotonic dystrophy Fig. 5.11: Autosomal Recessive Trait, Sickle cell anaemia

(iii)Thalassemia
¾¾ It is an autosome-linked recessive blood disease transmitted from parents to offspring when both the partners 

are unaffected carrier for the gene.
¾¾ This is due to either mutation or deletion which results in the reduction of synthesis of one of the globin chains 

that make up haemoglobin.
¾¾ Thus, an abnormal haemoglobin molecules resulting in anaemia is formed.
¾¾ Thalassemia is classified into three types as follows:

(a) α-Thalassemia
¾¾ It is controlled by two closely linked genes HBA1 and HBA2 on chromosome 16 of each 

parent.
¾¾ The production of α-globin chain is affected due to mutation or deletion of one or more 

of the four genes. 
(b) β-Thalassemia
¾¾ It is controlled by a single gene HBB on chromosome 11.
¾¾ The production of β-globin chain is reduced due to mutation of one or both the alleles of the gene.
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(c) δ-Thalassemia
¾¾ It is controlled by a single gene HBD on chromosome 11.
¾¾ This disease is minor as adults have 3% haemoglobin consisting of α and δ chains.

(iv) Sickle-cell Anaemia
¾¾ This is an autosome linked recessive trait.
¾¾ It can be transmitted from parents to the offspring when both the partners are the carrier for the gene (or 

heterozygous).
¾¾ The disease is controlled by a pair of allele, HbA and HbS.

 (a) Homozygous dominant (HbAHbA): Normal.
 (b) Heterozygous (HbAHbS): Sickle cell trait.
 (c) Homozygous recessive (HbS HbS): Affected.
¾¾ The defect is caused by the substitution of Glutamic acid (Glu) by Valine (Val) at the sixth position of the β-globin 

chain of the haemoglobin (Hb).
¾¾ The substitution of amino acid in the globin protein results due to the single base substitution at the sixth codon 

of the beta globin gene from GAG to GUG.
¾¾ The mutant haemoglobin molecule undergoes polymerisation under low oxygen tension causing the change in 

the shape of the RBC from biconcave disc to elongated sickle like structure.
¾¾ Thalassemia differs from sickle-cell anaemia in that the former is a quantitative problem of synthesizing too 

few globin molecules while the latter is a qualitative problem of synthesizing an incorrectly functioning globin 
protein.

(v) Phenylketonuria
¾¾ It is an inborn error of metabolism.
¾¾ It is an autosomal recessive trait.
¾¾ The affected individual lacks an enzyme (phenylalanine hydroxylase) that converts the amino acid phenylalanine 

into tyrosine.
¾¾ As a result, phenylalanine accumulates and converts into phenyl pyruvic acid and other derivatives.
¾¾ They accumulate in the brain resulting in mental retardation.
¾¾ These are also excreted through urine because of poor absorption by the kidney.

Normal Hb (A)gene

mRNA

Val His Leu Thr Pro Glu Glu

1 2 3 4 5 6 7

HbA peptide

Normal Individual

---CTC---

---GAG---

---GAG---

Sickle-cell Hb(S) gene

mRNA

Val His Leu Thr Pro Glu Glu

1 2 3 4 5 6 7

HbS peptide

Individual with Sickle Cell Anaemia

---CAC---

---GTG---

---GUG---

Fig. 5.12: Amino acid composition of the relevant portion of Beta-chain of haemoglobin

(b) Chromosomal Disorders
¾¾ They are caused due to absence or excess or abnormal arrangement of one or more chromosomes.
¾¾ These are of two types namely, Aneuploidy and polyploidy.

(i) Aneuploidy
¾¾ The gain or loss of chromosomes due to failure of segregation of chromatids during cell division is known as 

aneuploidy.
¾¾ e.g. - Down’s syndrome results in the gain of an extra copy of chromosome 21. Similarly, Turner’s syndrome 

results due to the loss of an X chromosome in human females.
¾¾ It includes,

 (a) Nullisomy (2n – 2): A chromosome pair is lost from diploid set.
 (b) Monosomy (2n – 1): One chromosome is lost from diploid set.
 (c) Trisomy (2n + 1): One chromosome is added to diploid set.
 (d) Tetrasomy (2n + 2): 2 chromosomes are added to diploid set.
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(ii) Down’s Syndrome
¾¾ It is a genetic disorder caused due to the presence of an additional copy of the chromosome number 21 (trisomy 

of 21).
¾¾ This disorder was first described by Langdon Down (1866).
¾¾ Genetic Constitution: 45 + XX or 45 + XY (i.e.,47 chromosomes).
¾¾ Characteristics:

 (a) The affected individual is short-statured with small round head, furrowed tongue and partially open 
mouth.

 (b) Palm is broad with a characteristic palm crease.
 (c) Physical, psychomotor and mental development is retarded.
(iii) Klinefelter’s Syndrome
¾¾ It is the genetic disorder caused due to the presence of an additional copy of X-chromosome.
¾¾ Genetic Constitution: 44 + XXY (i.e. 47 chromosomes).
¾¾ Characteristics :

 (a)  Overall masculine development, however, the feminine development such as development of breast, i.e., 
Gynaecomastia is also expressed.

 (b) Sterile.
 (c) Mentally retarded.
(iv) Turner’s Syndrome
¾¾ It is a genetic disorder caused due to the absence of one of the X chromosomes.
¾¾ Genetic Constitution: 44 + XO (i.e. 45 chromosomes).

 Females are sterile as ovaries are rudimentary.
¾¾ Lack of secondary sexual characters.

(c) Polyploidy (Euploidy)
¾¾ It is an increase in a whole set of chromosomes due to failure of cytokinesis after telophase stage of cell division. 

This is often seen in plants.
¾¾ Aneuploidy differs from polyploidy in the addition of one or more complete sets of chromosomes in the genome.

Know the Terms
¾¾ Diploid: An individual or cell containing two complete haploid sets of chromosomes.
¾¾ Punnett square or checker board: A grid that enables to calculate the results of simple genetic crosses.
¾¾ Trait: A phenotypic characteristic of an inherited character.
¾¾ Clone: The group of organisms produced by asexual reproduction. They are morphologically and genetically 

similar to one another as well as their parents (The individuals of a clone are called ramet).
¾¾ Offspring: The organism derived by sexual reproduction.
¾¾ Alleles (Allelomorphs): The alternative forms of a gene located at the same locus of homologous chromosomes. 

e.g. T (tall) and t (dwarf) are two alleles of a gene responsible for the character height.
¾¾ Hybrid: An individual produced by the mating of genetically unlike parents.
¾¾ Haploid (Monoploid): An individual or cell containing a single complete set of chromosomes.
¾¾ Reciprocal cross: Cross which involves two types of individual where the male of one type is crossed with female 

of the second type and vice versa.
¾¾ Back cross: Cross between hybrid and one of its parents.
¾¾ Test cross: Cross to know whether an individual is homozygous or heterozygous for dominant characters. The 

F1 individual is crossed with its recessive parent.
¾¾ Dominant factor or allele: It is one of a pair of alleles that can express itself whether present in homozygous or 

heterozygous state. e.g. T (tallness in pea), R (round seed in pea), A (axial flower in pea).
¾¾ Recessive factors or allele: The factor of an allelic or allelomorphic pair that is unable to express its effect in the 

presence of its contrasting factor in a heterozygote is called recessive factor or allele. The effect of recessive factor 
becomes known only when it is present in the pure or homozygous state, e.g., tt in dwarf pea plant.
¾¾ Wild and mutant alleles (wild and mutant phenotype) : Wild allele is one that was originally present in the 

population, is dominant and usually widespread. Recessive allele is less common and believed to be formed 
through mutation of the wild allele.
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¾¾ F1 generation: F1 or first filial (filus – son/daughter) generation is the generation of hybrids produced from a cross 
between the genetically different individuals called parents. e.g. Tt individuals are produced in F1 generation 
from a cross between TT and tt parents.
¾¾ Phenotype: The external/observable characteristics of an organism constitute its phenotype.
¾¾ Genotype: The genetic constitution of an organism is its genotype.
¾¾ F2 generation: It is the generation of individuals which arises as a result of interbreeding or selfing amongst 

individuals of F1 generation.
¾¾ Monohybrid cross: It is a cross between individuals of the same species, in which the inheritance of contrasting 

pairs of a single trait is considered.
¾¾ Dihybrid cross: It is a cross between two individuals of the same species, in which the inheritance of contrasting 

pairs of two traits is considered.
¾¾ Genome: It is a complete set of chromosomes where every gene/chromosome is represented singly as in a gamete.
¾¾ Gene pool: Aggregation of all the genes and their alleles present in an interbreeding population is known as 

gene pool.
¾¾ Dysgenics: Study of undesirable traits of human race and the genes that cause them.
¾¾ Ishihara cards: Cards used for checking colour blindness.
¾¾ Aneuploidy : The gain or loss of chromosomes due to failure of segregation of chromatids during cell division
¾¾ Polyploidy: It is an increase in a whole set of chromosomes due to failure of cytokinesis after telophase stage of 

cell division.
¾¾ Mutation: It is a sudden heritable change in DNA sequence, which results in changes in the genotype and the 

phenotype of an organism.
¾¾ Frame-shift mutation: Mutation which results due to loss (deletions) or gain (insertion/duplication) of a DNA 

segment.
¾¾ Point mutation: Mutation that arises due to change in a single base pair of DNA, by substitution, deletion or 

insertion of a single nitrogenous base.
¾¾ Mutagens: These are agents that lead to mutations.
¾¾ Pedigree analysis: It is a record of occurrence of a trait in several generations of a family.
¾¾ Mendelian Disorders: Disorders caused by alteration or mutation in the single gene.
¾¾ Chromosomal disorders: Disorders caused due to absence or excess or abnormal arrangement of one or more 

chromosomes.

 MNEMONICS  

1. Non-Mendelian Inheritance:

 Incomplete dominance, Co-dominance, Multiple alleles, 
Pleiotropy

 ICMP- I Can Manage Physics

2. Law of Incomplete Dominance- e.g. Mirabilis jalapa ; 
Snapdragon

 Mira the Dragon is Incomplete

        
 (Mirabilis jalapa) (Snapdragon) (Incomplete Dominance)

3. Co-Dominance

4. 7 pairs of true breeding pea varieties
 (a) SS7- Seed Shape on chromosome 7
 (b) SCFC1-Social-Distancing For Covid 1 (Seed Colour 

Flower Colour) On chromosome 1)
  (or) Send the Cheque For Charles 1 (Seed Colour 

Flower Colour) On chromosome 1)
 (c) PC5-Pod colour on chromosome 5
 (d) Rest on Chromosome 4- Pod shape, flower position, 

and plant height on chromosome 4

5. A dihybrid cross determines the genotypic and 
phenotypic combinations of offspring for two particular 
genes that are unlinked.

 • Because there are two genes, each with two alleles, 
there can be up to four different gamete combinations.

  The easiest way to work out potential gamete 
combinations in a dihybrid cross is to use the FOIL 
method:

 • FOIL = First/Outside/Inside/Last

6. Concept: Incomplete Dominance:

 Mnemonics: Mira’s Dragon is Incomplete
 Mira (Mirabilis jalapa) Dragon (Snapdragon) examples 

of Incomplete Dominance

7. Concept: Co-Dominance

 Mnemonics: Amar Benny and Omar play CoD
 ABO (ABO blood group) example of Co-dominance
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8. Concept: Pleiotropy

  Mnemonics: Sikh (Sickle cell anaemia example of 
pleiotropy) eats peas (Example of pleiotropy) in a plate 
(pleiotropy).

9. Concept: Test Cross (Test Cross: Cross with Recessive 
Parent)

 Mnemonic for test cross is TRP

10. Genetic Disorders:
 Concept: Sex-linked recessive diseases:

 • HEMOPHILIA:
 • COLOR-BLINDNESS:
 • NIGHT BLINDNESS:
 • DUCHENNE’S MUSCULAR DYSTROPHY:

 Mnemonic: Color-blindness se Humme Night ko 
Dekhnae Me Difficulty hoti hai.

11. Mendelian disorders: Few examples of the Mendelian 
disorder in humans are

 • Phenylketonuria
 • Muscular dystrophy
 • Thalassemia
 • Cystic fibrosis
 • Sickle cell anaemia
 • Colour blindness
 • Haemophilia

Mnemonic: PMT Competition Sabse Complicated Hai

12. Sickle cell anemia: mutation
 Mnemonic: Sickle Cell Anemia Is Very Grave
 Explanation: In Sickle-cell Disease Valine is present 

instead of Glutamic acid
 (or)
 Mnemonic: Sickle cell anaemia- HbS isn’t Very Good
 At Sixth position of Hb beta chain, Valine is present 

instead of Glutamic acid.

13.Turner syndrome: 45-year-old Turner likes to hug & kiss 
(XO)

 Turner’s syndrome: Loss of an X-chromosome in human 
females i.e. 45 with XO

 XO-Is an emoji for hugs and kisses(Chatting Slang)



CHAPTER-6 
MOLECULAR BASIS OF INGERITANCE

Nucleic Acid–DNA and RNA

Nucleic Acid

¾¾ Nucleic acids are the building blocks of genetic material.
¾¾ Nucleic acids are polymers of nucleotides.
¾¾ Deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) are the two types of nucleic acids found in living 

systems.
¾¾ DNA acts as the genetic material in most organisms.
¾¾ RNA acts as genetic material in some viruses, mostly functions as a messenger.
¾¾ RNA also functions as an adapter, structural and in some cases as a catalytic molecule of DNA
¾¾ DNA is a long polymer of deoxyribonucleotides.
¾¾ The length of DNA is defined as number of nucleotides (or a pair of nucleotides referred to as base pairs) present 

in it.
¾¾ It is the characteristic of an organism. For example, a bacteriophage (φ × 174) has 5386 nucleotides, Bacteriophage 

lambda has 48502 base pairs (bp), Escherichia coli has 4.6 × 106 bp, and haploid content of human DNA is  
3.3 × 109 bp.

Structure of Polynucleotide Chain

DNA and RNA are referred to as Polynucleotide chain.
¾¾ Nucleotide: Nucleoside + Phosphate moiety (linked via Phosphodiester bond)
¾¾ Nucleoside: Pentose Sugar + Nitrogenous base (linked via the N-Glycosidic Bond)
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¾¾ A nucleotide has three components namely:
 (a) A nitrogenous base,
 (b) A pentose sugar (ribose in case of RNA, and deoxyribose for DNA),
 (c) A phosphate group.
¾¾ There are two types of nitrogenous bases namely:

 (a) Purines (Adenine and Guanine)
 (b) Pyrimidines (Cytosine, Uracil and Thymine).
¾¾ Cytosine is common for both DNA and RNA whereas Thymine is present in DNA and Uracil is present in RNA 

at the place of thymine.
¾¾ A nitrogenous base is linked to the pentose sugar through an N-glycosidic linkage to form a nucleoside, such 

as adenosine or deoxyadenosine, guanosine or deoxyguanosine, cytidine or deoxycytidine and uridine or 
deoxythymidine.
¾¾ When a phosphate group is linked to 5’-OH of a nucleoside through phosphodiester linkage, a nucleotide or 

deoxynucleotide is formed.
¾¾ Two nucleotides are linked through 3’-5’ phosphodiester linkage to form a dinucleotide.
¾¾ Number of nucleotides joins together through a 3’ – 5’ phosphodiester bond to form the polynucleotide chain.
¾¾ A polymer formed has at one end a free phosphate moiety at 5’-end of a ribose sugar, which is referred to as 5’-

end of a polynucleotide chain.
¾¾ At the other end of the polymer, the ribose has a free 3’-OH group which is referred to as 3’-end of the 

polynucleotide chain.
¾¾ Sugar and phosphate forms the backbone of polynucleotide chain.
¾¾ In RNA, every nucleotide residue has an additional –OH group present at 2’-position in the ribose.

Discovery of DNA and Determination of its Structure

¾¾ DNA as an acidic substance present in nucleus was first identified by Friedrich Meischer in 1869. He named it as 
‘Nuclein’.
¾¾ Wilkins & Franklin: Produced the X-ray diffraction data for DNA structure.
¾¾ In 1953, the double helix structure of DNA was given by James Watson and Francis Crick, based on X-ray 

diffraction data produced by Maurice Wilkins and Rosalind Franklin.

Chargaff’s Rule

For a double stranded DNA (dsDNA), the ratio between Adenine and Thymine, and 
Guanine and Cytosine are constant and are equal to one.
¾¾ A unique property of base pairing is that they are said to be complementary to 

each other and therefore if the sequence of bases in one strand is known, then the 
sequence in the another strand can be predicted.
¾¾ If each strand from a DNA acts as a template for the synthesis of a new strand, the two double-stranded DNA 

produced would be identical to the parental DNA molecule.

Erwin Chargaff’s Rule

¾¾ In DNA, the proportion of A is equal to T and the proportion of G is equal to C.
 [A] + [G] = [T] + [C] or [A] + [G] / [T] + [C] =1
¾¾ Length of DNA = Number of base pairs X Distance between two adjacent base pairs. Example : Haploid content 

of human DNA is 3.3 × 109 bp.
 ∴ Number of base pairs in human = 6.6 × 109

 Hence, the length of DNA = 6.6 × 109 × 0.34 × 10–9 = 2.2 m
 or In E. coli, length of DNA =1.36 mm (1.36 × 10 – 3 m)
 ∴ The number of base pairs = 1.36 × 10 – 3/0.34 × 10 – 9 = 4 × 106 bp
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Fig. 6.1: A Polynucleotide chain
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Salient Features of Double Helix Model for the Structure of DNA

1. It is made of two polynucleotide chains, where the backbone is constituted by sugar-phosphate, and the bases 
project inside.

2. The two chains have antiparallel polarity. It means if one chain has the polarity 5’ → 3’, the other has 3’ → 5’. 
3. The bases in two strands are paired through hydrogen bonds (H-bonds) forming base pairs (bp). Adenine 

forms two hydrogen bonds with Thymine from opposite strand. Guanine is bonded with Cytosine with three 
H-bonds. i.e., the nitrogen bases of the two strands are paired by Hydrogen bonding. A purine always pairs with 
a pyrimidine. A = T and C ≡ G. As a result, a uniform distance between the two strands of the helix is formed.

4. The helix is right-handed.
	 •	 Pitch	(distance	parallel	to	helix	that	corresponds	to	one	turn	of	3600) : 3.4 nm or 34Å.
	 •	 Number	of	bases	per	turn:	10
	 •	 Distance	between	two	adjacent	base	pairs	0.34	nm.
5. The plane of one base pair stacks over the other. This provides stability to the helix along with hydrogen 

bonding.

Fig. 6.2: Double stranded polynucleotide chain

¾¾ Central Dogma of Molecular Biology
¾y Proposed by Francis Crick.
¾y Talks about the direction of flow of genetic information.
¾y DNA → RNA → Protein
¾y In some viruses, the flow of information is in reverse direction i.e., from RNA to DNA.

DNA
transcription

replication

mRNA
transcription

protein

Central dogma

Fig. 6.3: Central dogma

¾¾ Packaging of DNA Helix
¾y There is 6.6 × 109 bp per cell in mammals. Taking 0.34 nm as the distance between consecutive bp, the total 

length of DNA happens to be 2.2 meters. (6.6 × 109 bp × 0.34 × 10–9m = 2.2 meters)
¾y 2.2 m of DNA is too large to be accommodated in the nucleus with a dimension of 10−6 m.

¾¾ Packaging of DNA in Prokaryotes (e.g. E. coli)
¾y Prokaryotes lack a well-defined nucleus.
¾y Genetic material is scattered in the cytoplasm.
¾y Nucleoid: The region where DNA, being negatively charged (due to phosphate moiety), is associated with 

protein that is positively charged.
¾¾ Packaging of DNA in Eukaryotes
¾y Histones: Positively charged, basic protein.
¾y Histones are rich in basic amino acids like lysine and arginine that give it a positive charge. Both of these 

amino acid residues carry positive charges in their side chains.
¾y Histone octamer: Unit of eight molecules of histone.



Oswaal ISC Chapterwise & Topicwise Revision Notes, For Semester-1, BIOLOGY, Class –XII [  57

¾y The negatively charged DNA is wrapped around the positively charged histone octamer to form a structure 
called nucleosome.

¾y One nucleosome has approximately 200 bp of DNA.
¾y Nucleosomes in chromatin resemble beads present on strings.
¾y Beads on string structure in chromatin are further packaged to form chromatin fibres, which further coil and 

condense to form chromosomes during metaphase.
¾y Non-histone chromosomal (NHC) proteins	−	Additional	set	of	proteins	required	for	packaging	of	chromatin	

at higher level
¾y A protein acquires charge depending upon the abundance of amino acids residues with charged side chains.

 Chromatin Types
¾¾ Euchromatin:
¾y Lightly Stained.
¾y Loosely coiled region of chromatin.
¾y Transcriptionally active.

¾¾ Heterochromatin:
¾y Darkly Stained.
¾y Tightly coiled region of chromatin.
¾y Transcriptionally inactive.

Histone

actamer

H1 histoneDNA

Core of histone molecules

Fig. 6.4: Nucleosome

The Genetic Material is DNA

¾¾ The unequivocal proof that DNA is the genetic material came from the experiments of Alfred Hershey and 
Martha Chase (1952).
¾¾ They worked with viruses that infect bacteria called bacteriophages.
¾¾ The bacteriophage attaches to the bacteria and its genetic material enters the bacterial cell.
¾¾ The bacterial cell manufactures more viral genetic particles.
¾¾ Hershey and Chase worked to discover whether it was protein or DNA from the viruses that entered the bacteria.
¾¾ They grew some viruses on a medium that contained radioactive phosphorus (32P) and some others on medium 

that contained radioactive Sulphur (35S).
¾¾ Viruses grown in the presence of radioactive phosphorus contained radioactive DNA but not radioactive protein 

because DNA contains phosphorus but protein does not.
¾¾ On the other hand, viruses grown on radioactive Sulphur contained radioactive protein but not radioactive DNA 

because DNA does not contain Sulphur.
¾¾ Radioactive phages were allowed to attach to E. coli bacteria.
¾¾ As the infection proceeded, the viral coats were removed from the bacteria by agitating them in a blender.
¾¾ The virus particles were separated from the bacteria by spinning them in a centrifuge.

Observation

¾¾ Bacteria infected with phage with radioactive protein (35S)
¾¾ No radioactivity detected in cell
¾¾ Radioactivity detected in the supernatant.
¾¾ Bacteria infected with phage with radioactive DNA (32P)
¾¾ Radioactivity detected in cell
¾¾ No-radioactivity detected in the supernatant.
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Conclusion

¾¾ Virus infected bacteria had radioactive DNA, indicating that DNA was the material that passed from the virus to 
the bacteria.
¾¾ Virus infected bacteria that had radioactive proteins were not radioactive.
¾¾ This indicated that proteins did not enter the bacteria from the viruses.
¾¾ DNA is therefore the genetic material that is passed from virus to bacteria.

Bacteriophage

Radioactive ( S) labelled

protein capsule

35
Radioactive ( P)

labelled DNA

32

1. Infection

2. Blending

3. Centrifugation

No Radioactive ( S)

detected in cells

+

35

Radioactive ( S)

detected in supernatant

35

Radioactive ( P)

detected in cells

+

No

32

Radioactivity

detected in supernatant

Fig. 6.5: The Hershey – Chase Experiment

Properties of Genetic Material (DNA versus RNA)

¾¾ DNA is the predominant genetic material whereas RNA performs dynamic functions of messenger and adapter.
¾¾ Criteria for a biomolecule to be genetic material:

1. It should be able to generate its replica (Replication)

¾y Due to the rule of base pairing and complementarity, both the nucleic acids (DNA and RNA) can direct their 
duplications.

¾y However, proteins fail to fulfil the first criteria.
2. It should chemically and structurally be stable.

¾y The genetic material should not change with different stages of life cycle, age or with changes in the 
physiology of the organism.

¾y Stability as one of the properties of genetic material was evident in Griffith’s ‘transforming principle’ which 
showed that the two strands of DNA being complementary if separated by heating come together under 
appropriate conditions.

¾y Further, the 2’-OH group present at every nucleotide in RNA is a reactive group and makes RNA labile and 
easily degradable.

¾y RNA is also now known to be catalytic, hence reactive.
¾y Therefore, DNA chemically is less reactive and structurally more stable when compared to RNA. DNA is a 

better genetic material.
¾y The presence of thymine at the place of uracil provides additional stability to DNA.

3. It should provide the scope for slow changes (mutation) that are required for evolution.

¾y Both DNA and RNA can mutate.
¾y RNA being unstable, mutate at a faster rate.
¾y Thus, viruses having an RNA genome and having a shorter life span will mutate and evolve faster.

4. It should be able to express itself in the form of ‘Mendelian Characters’.
¾y RNA can directly code for the synthesis of proteins and hence can easily express the characters.
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¾y DNA is dependent on RNA for synthesis of proteins.
¾y Both RNA and DNA can function as genetic material.
¾y However, DNA being more stable is preferred for storage of genetic information while RNA is preferred for 

the transmission of genetic information.

RNA World

¾¾ RNA was the first genetic material.
¾¾ RNA was used to act as a genetic material as well as a catalyst.
¾¾ RNA being a catalyst was reactive and hence unstable.
¾¾ Therefore, DNA has evolved from RNA with chemical modifications that make it more stable.
¾¾ Further, DNA being double and complementary stranded resists changes by repair.

Types of RNA

¾¾ mRNA (messenger RNA): Provides template for translation (protein synthesis).
¾¾ rRNA (ribosomal RNA): Structural & catalytic role during translation. e.g. 23S rRNA in bacteria acts as ribozyme.
¾¾ tRNA (transfer RNA or sRNA or soluble RNA): Brings amino acids for protein synthesis and reads the genetic 

code.

Replication of DNA

¾¾ After proposing the double helical structure for DNA, Watson and Crick proposed a scheme for replication of 
DNA
¾¾ The scheme suggested that the two strands would separate and act as a template for the synthesis of new 

complementary strands
¾¾ After the completion of replication, each DNA molecule would have one parental and one newly synthesized 

strand. This scheme was termed as semi-conservative DNA replication.
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Fig. 6.6: Watson Crick model for semi-conservative DNA replication

The Experimental Proof (Meselson and Stahl’s Experiment)

¾¾ The DNA replicates semi-conservatively was shown first in Escherichia coli.

¾¾ Mathew Meselson and Franklin Stahl performed the following experiment in 1958:

 (a)  They grew E. coli in a medium containing 15NH4 Cl in which 15N is the heavy isotope of nitrogen. This led 
to the incorporation of 15N into newly synthesized DNA. This heavy DNA molecule could be distinguished 
from the normal DNA by centrifugation in a Cesium Chloride (CsCl) density gradient.

 (b)  Then they transferred the cells into a medium with normal 14NH4Cl and took samples at various definite 
time intervals as the cells multiplied, and extracted the DNA that remained as double-stranded helices. The 
various samples were separated independently on CsCl gradients to measure the densities of DNA.
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 (c)  The DNA extracted from the culture one generation after the transfer from 15N to 14N medium had a hybrid 
or intermediate density. DNA extracted from the culture after another generation was composed of equal 
amounts of the hybrid DNA and ‘light’ DNA.
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Fig. 6.7: Meselson and Stahl Experiment (Separation of DNA by Centrifugation)

¾¾ Similar experiments involving use of radioactive thymidine to detect distribution of newly synthesised DNA in 
the chromosomes was performed on Vicia faba (faba beans) by Taylor and colleagues in 1958.

The Machinery and the Enzymes

¾¾ In E. coli, the process of replication requires a set of catalysts (enzymes).
¾¾ The main enzyme involved is the DNA dependent DNA polymerase.
¾¾ The main enzyme is referred to as DNA-dependent DNA polymerase since it uses a DNA template to catalyse 

the polymerisation of deoxynucleotides.
¾¾ These enzymes are highly efficient as they have to catalyse polymerisation in a very short time. E. coli that has 

only 4.6 ×106 bp completes the process of replication within 38 minutes i.e., the average rate of polymerisation is 
approximately 2000 bp per second.
¾¾ These polymerases have to be fast and catalyse the reaction with a high degree of accuracy.
¾¾ Any mistake during replication would result in mutations.
¾¾ Energetically, replication is a very expensive process.
¾¾ Deoxyribonucleoside triphosphates (dNTPs) serve dual purposes as follows:

 (a) Act as substrates
 (b) They provide energy for the polymerization reaction.
¾¾ There are many additional enzymes required to complete the process of replication with high degree of accuracy.
¾¾ Replication fork: In long DNA molecules, the two strands of DNA cannot be separated in its entire length as 

it requires high energy. Thus, the replication occurs within a small opening of the DNA helix, referred to as 
replication fork
¾¾ Continuous/ leading strand: One of the DNA strands with polarity 3’ → 5’ that acts as a template for the new 

strand synthesis, synthesises the strand continuously.
¾¾ The DNA-dependent DNA polymerases catalyse polymerisation only in 

one direction (5’ → 3’).

Discontinuous/lagging strand: The other strand with polarity 3’ → 5’, 
acting as the template synthesizes the new strand in fragments (Okazaki 
fragments) that are later joined together by the enzyme DNA ligase.
¾¾ The DNA polymerases cannot initiate the process of replication and 

does not initiate randomly at any place in DNA on their own.
¾¾ Therefore, there is a definite region called the origin of replication in E. 

coli DNA where the replication originates.
¾¾ If a piece of DNA is needed to be propagated during recombinant DNA 

procedures, it requires a vector that provides the origin of replication.
¾¾ In eukaryotes, the replication of DNA takes place at the S-phase of the 

cell-cycle.
¾¾ The replication of DNA and cell division cycle should be highly 

coordinated.
¾¾ A failure in cell division after DNA replication results in polyploidy. 
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Fig. 6.8: Replicating fork
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Transcription

¾¾ The process of copying genetic information from one strand of the DNA into RNA is termed transcription.
¾¾ The principle of complementarity governs the process of transcription, except the adenosine which forms base 

pair with uracil.
¾¾ In transcription, only a segment of DNA and only one of the strands is copied into RNA.
¾¾ This necessitates defining the boundaries that would demarcate the region and the strand of DNA that would be 

transcribed.
¾¾ Both the strands are not copied during transcription. This is because:

 (a)  The code for proteins is different in both strands. This complicates the translation.
 (b)  The two RNA molecules if produced simultaneously would be complementary to each other and hence 

form a double-stranded RNA. This would prevent RNA from being translated into protein.

Transcription Unit

¾¾ A transcription unit in DNA is differentiated into three regions namely,
 (a) A promoter.
 (b) The structural gene.
 (c) A terminator.
¾¾ Since the two strands of DNA have opposite polarity and the DNA-dependent RNA polymerase catalyse the 

polymerisation in only one direction (5’ → 3’), the strand that has the polarity 3’ → 5’ acts as a template, and is 
referred to as a template strand.
¾¾ The other strand which has the polarity (5’ → 3’) is referred to as the coding strand. 
¾¾ For example – a hypothetical sequence from a transcription unit is represented below:

 3’-ATGCATGCATGCATGCATGCATGC-5’ Template Strand
 5’-TACGTACGTACGTACGTACGTACG-3’ Coding Strand
¾¾ The promoter and terminator play an important role in the transcription unit.
¾¾ The promoter is located towards 5’-end in the upstream of the structural gene.
¾¾ It is a DNA sequence that provides a binding site for RNA polymerase.
¾¾ The promoter defines the template and coding strands.
¾¾ By switching its position with terminator, the coding and template strands could be reversed.
¾¾ The terminator is located towards 3’-end (downstream of the coding strand) and defines the end of the process 

of transcription.
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Fig. 6.9: A transcription unit

¾¾ Inheritance of a character is also affected by the promoter and regulatory sequences of a structural gene.
¾¾ Hence, regulatory sequences are loosely defined as regulatory genes, though these do not code for any RNA or 

protein

Transcription Unit and the Gene

¾¾ A gene is defined as the functional unit of inheritance.
¾¾ It is the DNA sequence coding for tRNA or rRNA molecule.
¾¾ Cistron: A segment of DNA coding for a polypeptide.
¾¾ Structural gene in a transcription unit are of two types:

 (a)  Monocistronic structural genes (split genes): It is seen in eukaryotes. Here, the coding sequences (expressed 
sequences or exons) are interrupted by introns (intervening sequences). 

 (b)  Polycistronic structural genes: It is seen in prokaryotes. Here, there are no split genes. Steps of Transcription 
in Prokaryotes

¾y In prokaryotes such as bacteria, there are three major types of RNAs – mRNA, tRNA and rRNA. All three 
RNAs are needed to synthesise a protein in a cell. – The mRNA provides the template. – tRNA brings amino 
acids and reads the genetic code. – rRNA play a structural and catalytic role during translation.

¾y A single DNA dependent RNA polymerase catalyses transcription of all types of RNA.



62  ] Oswaal ISC Chapterwise & Topicwise Revision Notes, For Semester-1, BIOLOGY, Class –XII

(a) Initiation
¾y Here, the enzyme RNA polymerase binds at the promoter site of DNA. This causes the local unwinding of the 

DNA double helix.
¾y An initiation factor (σ factor) present in RNA polymerase initiates the RNA synthesis. 

(b) Elongation

¾y The RNA chain is synthesized in the 5’-3’ direction.

¾y In this process, activated ribonucleoside triphosphates (ATP, GTP, UTP & CTP) are added. This is 
complementary to the base sequence in the DNA template. 

(c) Termination

¾y A termination factor (ρ factor) binds to the RNA polymerase and terminates the transcription.

¾y In bacteria, translation can begin much before the mRNA is fully transcribed since the mRNA does not require 
any processing to become active, and transcription and translation take place in the same compartment.

�

�

�

3'

5'

5'

3'

DNA helix

Sigma factor
RNA polymerase

Promoter

3'

5'

5'

3'

RNA
Terminator

3'

5'

5'

3'

RNA

RNA

Polymerase

Rho factor

Initiation

Elongation

Termination

Fig. 6.10: Process of Transcription in Bacteria

Steps of Transcription in Eukaryotes

¾¾ In eukaryotes, the monocistronic structural genes have interrupted coding sequences i.e., the genes in eukaryotes 
are split.

¾¾ The coding sequences or expressed sequences are defined as exons.

¾¾ Exons are said to be those sequences that appear in mature or processed RNA.

¾¾ The exons are interrupted by introns.

¾¾ Introns or intervening sequences do not appear in mature or processed RNA.

¾¾ In eukaryotes, there are two additional complexities:

 (a) There are three RNA polymerases in the nucleus in addition to the RNA polymerase found in the organelles.

  (i) The RNA polymerase I: It transcribes rRNAs(28S, 18S, and 5.8S).

  (ii) The RNA polymerase II: It transcribes the precursor of mRNA, heterogeneous nuclear RNA (hnRNA).

  (iii)  The RNA polymerase III: It is responsible for transcription of tRNA, 5srRNA, and snRNAs (small 
nuclear RNAs).

 (b)  The primary transcripts (hnRNA) contain both the exons and the introns and are non-
functional. In order to remove the introns, it undergoes the following processes:

  (i) Splicing: The introns are removed from hnRNA and exons are joined 
  together.

  (ii)  Capping: Here, a nucleotide methyl guanosine triphosphate is added to the 5’ end of hnRNA.
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  (iii)  Tailing (Polyadenylation): Here, adenylate residues (200-300) are added at 3’-end.
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Fig. 6.11: Process of transcription in Eukaryotes

¾¾ The fully processed hnRNA is now called mRNA that is transported for translation.
¾¾ Significance of the Split-gene Arrangements in Eukaryotes

 (a) It represents an ancient feature of the genome.
 (b)  The presence of introns is reminiscent of antiquity, and the process of splicing represents the dominance of 

RNA-world.

Genetic Code, Translation, Gene Expression, Hu-
man Genome Project and DNA Fingerprinting

Genetic Code: The process of translation requires transfer of genetic information from a polymer of nucleotides to a 
polymer of amino acids. This resulted in a genetic code.
¾¾ Genetic code is the sequence of nucleotides (nitrogen bases) in mRNA that contains information for protein 

synthesis (translation).
¾¾ There are 20 amino acids involved in translation as follows:

Alanine (Ala) Leucine (Leu)

Arginine (Arg) Lysine (Lys)

Asparagine (Asn) Methionine (Met)

Aspartic acid (Asp) Phenylalanine (Phe)

Cysteine (Cys) Proline (Pro)

Glutamine (Gln) Serine (Ser)

Glutamic acid (Glu) Threonine (Thr)

Glycine (Gly) Tryptophan (Trp)

Histidine (His) Tyrosine (Tyr)

Isoleucine (Ile) Valine (Val)

George Gamow: Suggested that for coding 20 amino acids, the code should be made up of three consecutive 
nucleotides.
¾¾ Har Gobind Khorana: Developed the chemical method in synthesizing RNA molecules with defined 

combinations of bases (homopolymers and copolymers).
¾¾ Marshall Nirenberg: Developed a cell-free system for protein synthesis.
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¾¾ Severo Ochoa enzyme (polynucleotide phosphorylase) is used to polymerize RNA with defined sequences in a 
template-independent manner.

Codons for Amino Acids

¾¾ The checkerboard below shows the codons for the various amino acids.

 

Salient Features of Genetic Code

¾¾ The codon is a triplet.
¾¾ 61 codons code for amino acids while three codons i.e., UAA, UAG & UGA do not code for any amino acids, 

hence they function as stop codons or nonsense codons.
¾¾ Genetic code is unambiguous and specific. i.e., one codon specifies only one amino acid.
¾¾ A single amino acid is represented by many codons; such codons are called degenerate codons (except AUG 

which codes for methionine and UGG for tryptophan).
¾¾ No punctuations between adjacent codons (commaless codon). The codon is read in mRNA in a contiguous 

fashion.
¾¾ Genetic code is universal. e.g., from bacteria to humans UUU codes for Phenylalanine. Some exceptions are 

found in mitochondrial codons, and some protozoans.
¾¾ AUG has dual functions. It codes for Methionine (met), and also acts as an initiator codon. In eukaryotes, 

methionine is the first amino acid and formyl methionine in prokaryotes.

Mutation and Genetic Code

¾¾ The effect of large deletions, addition and rearrangements in a segment of DNA results in loss or gain of a gene 
that can be easily comprehended.
¾¾ e.g. – A point mutation is a change of single base pair in the gene for beta-globin chain that changes amino acid 

residue glutamate to valine resulting in a diseased condition called sickle cell anemia.
¾¾ Insertion or deletion of one or two bases changes the reading frame from the point of insertion or deletion.
¾¾ Insertion or deletion of three or its multiple bases insert or delete one or more multiple codons hence one or 

more amino acids, and reading frame remains unaltered from that point onwards. Such mutations are known as 
Frame-shift insertion or deletion mutations.

Types of RNA

¾¾ In prokaryotes such as bacteria, there are three major types of RNAs namely,
 (a) mRNA (messenger RNA).
 (b) tRNA (transfer RNA).
 (c) rRNA (ribosomal RNA).
¾¾ All three RNAs are needed to synthesise a protein in a cell.
¾¾ The mRNA provides the template, tRNA brings amino acids and reads the genetic code, and rRNAs play 

structural and catalytic roles during translation.
¾¾ There is a single DNA-dependent RNA polymerase that catalyses the transcription of all types of RNA.

The tRNA, the Adapter Molecule

¾¾ Francis Crick postulated the presence of an adapter molecule that would, on one hand, read the code and on 
other hand, would bind to specific amino acids.
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¾¾ The tRNA called sRNA (soluble RNA) plays the role of an adapter molecule.
¾¾ The tRNAs are specific for each amino acid.
¾¾ The tRNA is a compact molecule having the following:

 (a) An anticodon loop that has bases complementary to the code.
 (b) An amino acid acceptor end to which amino acid binds.
 (c) Initiator tRNA for initiation and no tRNAs for stop codons.
 (d) Secondary (2-D) structure of tRNA looks like a clover-leaf while 3-D structure looks like inverted ‘L’

U C A

A G U
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tRNA

A U G

U C A

3'

Tyr

Anticondon

Codon mRNA

Fig. 6.12: tRNA – the adapter molecule

Translation

¾¾ The ribosome is the cellular factory for synthesizing proteins. The ribosome in its inactive state exists as two 
subunits; a large subunit and a small subunit. When the small subunit encounters an mRNA, the process of the 
mRNA to protein begins.
¾¾ There are two sites in the large subunit A-site and P-site, for subsequent amino acids to bind to and thus close 

enough to each other.
¾¾ The ribosome also acts as a catalyst (23 S rRNA in bacteria is the enzyme-ribozyme) for the formation of the 

peptide bond.
¾¾ A translational unit in mRNA is the sequence of RNA that is flanked by the start codon (AUG) and the stop codon 

and codes for a polypeptide.
¾¾ A mRNA also has some additional sequences that are not translated and are known as untranslated regions 

(UTR).
¾¾ The UTRs are present at both 5’ end (before start codon) and 3’ end (after stop codon). They are required for 

efficient translation process.
¾¾ Translation refers to the process of polymerization of amino acids to form a polypeptide. The order and sequence 

of amino acids are defined by the sequence of bases in the mRNA. The amino acids are joined by a peptide bond.
¾¾ It involves four steps:
¾y Activation of amino acids (charging of tRNA/ aminoacylation of tRNA).
¾y Initiation of polypeptide synthesis.
¾y Elongation of polypeptide synthesis.
¾y Termination of polypeptide synthesis.

Activation of Amino Acids

(a) Charging of tRNA or aminoacylation of tRNA: In this step, amino acids are activated in the presence of ATP 
and linked to their cognate tRNA. 

(b) Initiation of polypeptide chain: The initiator methionyl-tRNA charged with amino acid methionine and 
anticodon UAC interacts with the initiation codon by codon-anticodon recognition. With the initiator methionyl-
tRNA at the P site, the larger subunit binds to the smaller subunit, thus forming an initiation complex.

(c) Elongation of polypeptide chain: A Second tRNA charged with an appropriate amino acid enters the ribosome 
at the A-site, close to the P-site.
¾y A peptide bond is formed between the first amino acid and the second amino acid.
¾y Then the first tRNA is removed from the P-site and the second tRNA at the A site, now carrying a dipeptide, 

is pulled along with mRNA to the P-site (translocation).
¾y Now the A-site is occupied by a third codon and an appropriate aminoacyl tRNA will bind to it.
¾y This process of peptide bond formation and translocation will be repeated and the polypeptide chain grows 

in length.
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(d) Termination of polypeptide chain: When the untranslated regions / termination codon come at the A-site, no 
amino acid would be added, as it is not recognized by any t-RNA.
¾y The protein synthesis will stop.
¾y In the end, a release factor binds to the stop codon, terminating translation and releasing the complete 

polypeptide from the ribosome.
Regulation of Gene Expression

¾¾ The expression of the gene resulting in the formation of a polypeptide can be regulated at several levels.
¾¾ In eukaryotes, the regulation could be exerted at:

 1. Transcriptional level (formation of primary transcript),
 2. Processing level (regulation of splicing),
 3. Transport of mRNA from the nucleus to the cytoplasm,
 4. Translational level.
¾¾ The genes are expressed to perform a particular function or a set of functions. e.g., In bacteria like E. coli, the 

enzyme beta-galactosidase hydrolyses lactose into galactose and glucose.
¾¾ The metabolic, physiological and environmental conditions regulate the expression of genes.
¾¾ In prokaryotes, the expression of gene is done at transcriptional level.
¾¾ Here, the activity of RNA polymerase at a given promoter is regulated by interaction with accessory proteins, 

which affect its ability to recognize start sites.
¾¾ These regulatory proteins can act both positively (activators) and negatively (repressors).
¾¾ The accessibility of promoter regions of prokaryotic DNA is regulated by the interaction of proteins with 

sequences termed operators.
¾¾ The operator region is adjacent to the promoter elements in most operons and in most cases, the sequences of the 

operator bind a repressor protein.
¾¾ Each operon has its specific operator and specific repressor.
¾¾ For example, lac operator is present only in the lac operon and it interacts only with lac repressor.

Operon Concept
¾¾ Francis Jacob and Monod were the first to explain a transcriptionally regulated system, lac operon.
¾¾ “Each metabolic reaction is controlled by a set of genes”.
¾¾ All the genes regulating a metabolic reaction constitute an Operon. e.g., lac operon, trp operon, ara operon, his 

operon, val operon etc.
¾¾ When a substrate is added to the growth medium of bacteria, a set of genes is switched on to metabolize it. This 

is called induction.
¾¾ When a metabolite (product) is added, the genes to produce it are turned off. This is called repression.

Lac Operon in E. coli
¾¾ The operon controls lactose metabolism. It consists of two genes namely,

 (a) A regulatory or inhibitory gene
 (b) Three structural genes: ‘z’ gene, ‘y’ gene and ‘a’ gene.
¾¾ The inhibitory gene i codes for the repressor.
¾¾ The ‘z’ gene codes for β galactosidase and helps in hydrolyzing lactose to galactose and glucose.
¾¾ The ‘y’ gene codes for permease and helps to increase the permeability of the cell to lactose.
¾¾ The ‘a’ gene codes for a transacetylase.
¾¾ The genes present in the operon function together in the same or related metabolic pathway.
¾¾ There is an operator region for each operon.
¾¾ Lactose is the substrate for the enzyme beta-galactosidase and it regulates switching ON and OFF the operon. 

Hence it is termed as an inducer.
¾¾ If there is no lactose (inducer), lac operon remains switched off.
¾¾ The regulator gene synthesizes mRNA to produce the repressor protein.
¾¾ This protein binds to the operator genes and blocks RNA polymerase movement. So, the structural genes are not 

expressed.
¾¾ If lactose is provided in the growth medium, the lactose is transported into the E. coli cells by the action of 

permease.
¾¾ Lactose (inducer) binds with repressor protein and so, the repressor protein cannot bind to operator gene.
¾¾ Thus, the operator gene becomes free and induces the RNA polymerase to bind with promoter gene to start 

transcription.
¾¾ Regulation of lac operon by repressor is called negative regulation.
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Fig. 6.13: The lac operon

Human Genome Project (HCG)
¾¾ The entire DNA in the haploid set of the chromosome of an organism is called a genome.
¾¾ In the Human genome, DNA is packed in 23 chromosomes.
¾¾ Human Genome Project (1990-2003) is the first effort in identifying the sequence of nucleotides and mapping all 

the genes in the human genome.
¾¾ Human genome contains about 3 × 109 bp.
¾¾ HGP was closely associated with bioinformatics.

Bioinformatics
¾¾ It is the application of computer science and information technology to the field of biology & medicine.
¾¾ It helps to analyze DNA sequence data.

Goals of HGP
(a) Identify all the estimated genes (20,000-25,000) in human DNA.
(b) Determine the sequences of the 3 billion chemical base pairs that make up human DNA.
(c) Store this information in databases.
(d) Improve tools for data analysis.
(e) Transfer related technologies to other sectors.
(f) Address the ethical, legal and social issues (ELSI) that may arise from the project.

Methodologies of HGP
¾¾ The methods of HGP involve two major approaches:

 (a)  Expressed Sequence Tags: It focusses on identifying all the genes that express as RNA [referred to as 
Expressed Sequence Tags (ESTs)].

 (b)  Sequence Annotation: It involves sequencing the whole set of genome containing all the coding and non-
coding sequence, and assigning different regions in the sequence with functions (a term referred to as 
Sequence Annotation).

Procedure
¾¾ For sequencing, the total DNA from a cell is isolated and converted into random fragments.
¾¾ These fragments are then cloned in suitable hosts using specialised vectors.
¾¾ This results in the amplification of each piece of DNA fragment so that it could be sequenced with ease.
¾¾ The fragments were sequenced using automated DNA sequencers using the Frederick Sanger method.
¾¾ These sequences were then arranged based on some overlapping regions present in them.
¾¾ Alignment of these sequences was done using specialized computer-based programs.
¾¾ These sequences were subsequently annotated and were assigned to each chromosome. The sequence of 

chromosome one was the last of the 24 human chromosomes.
¾¾ Genetic and physical maps on the genome were generated using the information on polymorphism of restriction 

endonuclease recognition sites and some repetitive DNA sequences (microsatellites).
Salient Features of Human Genome

(a) The human genome contains 3164.7 million nucleotide bases.
(b) The average gene consists of 3000 bases, but sizes vary greatly, with the largest known human gene being 

dystrophin at 2.4 million bases.
(c) The total number of genes is estimated at 30,000.
(d) Almost all (99.9%) nucleotide bases are the same in all people.
(e) The functions of 50% of discovered genes are unknown.
(f) Less than 2% of the genome codes for proteins.
(g) Repeated sequences make up very large portion of the human genome.
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(h) Repetitive sequences are stretches of DNA sequences that are repeated many times, sometimes a hundred 
to thousand times. They have no direct coding functions but help in understanding chromosome structure, 
dynamics and evolution.

(i) Chromosome 1 has most genes (2968), and the Y has the fewest (231).
(j) About 1.4 million locations where single-base DNA differences (SNPs- Single nucleotide polymorphism or 

‘snips’) occur in humans.
DNA Fingerprinting or DNA Profiling

¾¾ It is the technique to identify the similarities of the DNA fragments of two individuals.
¾¾ It is developed by Alec Jeffreys (1985).
¾¾ DNA carries some non-coding sequences called repetitive sequences [variable number tandem repeats (VNTR)].
¾¾ Number of repeats is specific from person to person.
¾¾ The size of VNTR varies from 0.1 to 20 kb.
¾¾ Repetitive DNA are separated from bulk genomic DNA as different peaks during density gradient centrifugation.
¾¾ The bulk DNA forms a major peak and the other small peaks are called satellite DNA.
¾¾ Satellite DNA is classified into many categories, (micro-satellites, mini-satellites etc) based on base composition 

(A:T rich or G:C rich), length of segment and number of repetitive units.
¾¾ An inheritable mutation observed in a population at high frequency is called DNA polymorphism (variation at 

genetic level).
¾¾ Polymorphism is higher in non-coding DNA sequences. This is because, the mutations in these sequences may 

not have any immediate effect on an individual’s reproductive ability.
¾¾ These mutations accumulate generation after generation and cause polymorphism.
¾¾ Polymorphism plays an important role in evolution & speciation.

Southern Blot Hybridisation
¾¾ It is the technique used earlier that involves radiolabeled VNTR as a probe.
¾¾ The steps included in southern blot hybridisation are as follows:

 (a) Isolate DNA (from any cells like blood stains, semen stains or hair roots).
 (b) Digestion of DNA by restriction endonucleases
 (c) Separation of DNA fragments by electrophoresis.
 (d) Transferring (blotting) of separated DNA fragments to synthetic membranes, such as nitrocellulose or 

nylon.
 (e) Hybridisation using labelled VNTR probe, and
 (f) Detection of hybridised DNA fragments by autoradiography.
 (g) The image obtained in the form of dark and light bands is called a DNA fingerprint.
¾¾ These bands give a characteristic pattern for an individual DNA. It differs from individual to individual in a 

population except in case of monozygotic twins.
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Application of DNA Fingerprinting

(a) Forensic tool to solve paternity, rape, murder etc.

(b) For the diagnosis of genetic diseases.

(c) To determine phylogenetic status of animals.

Know the Terms
¾¾ DNA: Deoxyribonucleic acid

¾¾ RNA: Ribonucleic acid

¾¾ hnRNA: Heterogeneous nuclear RNA. It is the precursor of mRNA

¾¾ Exons: These are the coding sequences of DNA, hnRNA which become part of mRNA and code for the different 
regions of proteins.

¾¾ Gene: It is a segment of DNA that codes for a polypeptide.

¾¾ Introns: These are the non-coding sequences of DNA, which do not form part of mRNA and are removed during 
the processing of hnRNA.

¾¾ Histones: A set of positively charged basic proteins.

¾¾ Cistron: The structural unit of a gene which contains the genetic information of a character.

¾¾ Muton: The smallest unit of DNA which can mutate.

¾¾ Recon: The smallest unit of DNA capable of undergoing crossing over and recombinations.

¾¾ Central Dogma: The flow of genetic information from DNA to RNA to Protein.

¾¾ Origin of Replication: It is the definite region of DNA where the replication originates.

¾¾ Operon: All the genes controlling a metabolic pathway constitute an operon.

¾¾ Replication Fork: It is a Y-shaped structure formed when the double-stranded DNA is unwound upto a point 
during its replication.

¾¾ Splicing: It is a process where the introns are removed and exons are joined together to form mRNA.

¾¾ Transcription: It is the process of the formation of RNA from DNA.

¾¾ Translation: It is the process of polymerisation of amino acids to form a polypeptide by mRNA

¾¾ Anticodon: It is a sequence of three nucleotides on tRNA that is complementary to the codon for the particular 
amino acid.

¾¾ Codon: It is a sequence of three nucleotides on mRNA that codes for a particular amino acid.

¾¾ Translation: It is the process of polymerisation of amino acids to form a polypeptide by mRNA.

¾¾ Satellite DNA: It refers to the repetitive DNA sequences which do not code for any proteins, but form a large 
part of human genome.

¾¾ Operon: A group of genes that control a metabolic pathway.

¾¾ DNA polymorphism: An inheritable mutation observed in a population at high frequency.

¾¾ Lac operon: The prototype operon in bacteria, which codes for genes responsible for metabolism of lactose.

¾¾ Fingerprinting: A technique to find out a variation in individuals of a population at DNA level.

¾¾ Satellite DNA: It refers to the repetitive DNA sequences which do not code for any proteins, but form a large 
part of human genome.

¾¾ VNTRS: Variable Number of Tandem Repeats

¾¾ SNPs: Single Nucleotide polymorphism

¾¾ ESTs: Expressed Sequence Tags

¾¾ HGP: Human Genome Project

¾¾ YAC: Yeast Artificial Chromosome

¾¾ BAC: Bacterial Artificial Chromosome

¾¾ Polymorphism: Variation at the genetic level
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 MNEMONICS  

1. Central Dogma

Mnemonics: Roast Turkey Later
Interpretation: R = Replication
  T = Transcription 
  L = transLation

2. Splicing: Removal of introns and joining of exons.

Mnemonics: EXons EXpressed, INtrons IN the trash.
Interpretation: EXons form the mature mRNA and are 
“EXpressed” by translation into proteins.

INTRons are removed by RNA splicing and go “IN the 
TRash”

1. DNA Structure

Mnemonics- – PURe As Gold. (or)
Pure (purines) As (adenine) Gold (guanine) or 
Guardian Angels are Pure, with two Wings: G and A 
are Purines, with two Rings
PURines (A, G)
A- Adenine
G- Guanine
Mnemonics for pyrimidines- PYrimidines (C, U, T)-
CUT the PY (pie)
PYrimidines (C, U, T)-CUT the PY (pie): Cytosine, 
Uracil, Thymine are Pyrimidines
C- Cytosine
U- Uracil
T- Thymine
2. Base Pairing
Mnemonics- AT2 GC3

Adenine and Thymine have double bonds- A = T(Dna) 
= U(Rna)
Guanine and Cytosine have triple bonds- G ≡ C(Dna 
& Rna)
3. A Ribosome has 3 sites:
Mnemonics- All People are Eligible
• A site = incoming Aminoacyl-tRNA.
• P site = growing Peptide chain.
• E site = holds Empty tRNA as its Exits.

4.  Messenger RNA acts as the template for protein 
synthesis.

Initiation codon on mRNA- AUG
• AUG → in AUGurates protein synthesis.
Termination codons on mRNA:
• UAA → U Are Away.
• UAG → U Are Gone.
• UGA → U Go Away.
5.  Amino acid attachment arm has a C C A sequence 

by the help of which it forms ester bond with 
amino acid.

C C A – Can Carry Amino acid.
6. RNA POLYMERASE
RNA polymerase I = rRNA
RNA polymerase II = mRNA
RNA polymerase III = tRNA
Mnemonics:
RNA polymerase III — three – tRNA (t stands for 
three)
RNA polymerase II — TWO — invert W — it is mRNA 
(inverted w is m)
RNA polymerase I it is rRNA
(or) Vessels are empty (r m t)



CHAPTER-7 
EVOLUTION

Origin of Life on Earth and Related Evidences
¾¾ Evolution is an orderly change from one form to another. 
¾¾ Evolutionary Biology: Study of history of life forms. 
¾¾ Origin of Life
¾y Big Bang Theory states that the universe originated about 20 billion years ago, by a thermonuclear explosion 

(big bang) of a dense entity. 
¾y The earth was formed about 4.5 billion years ago.
¾y There was no atmosphere on early earth. 
¾y Water vapour, CH4, CO2 and NH3 released from molten mass covered the surface. 
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¾y The UV rays from the sun broke up water into hydrogen and oxygen and the lighter H2 escaped. Oxygen 
combined with ammonia and methane to form water, CO2, and others. 

  H2O → H2 + O2
  NH3 + O2 → water 
  CH4 + O2 → CO2

¾y Then the ozone layer was formed. 
¾y As it cooled, the water vapour fell as rain to form oceans.

¾¾ Theories of Origin of Life
 1. Theory of Spontaneous Generation (Abiogenesis)

¾y The spontaneous genesis of life from non-living substances (i.e., the theory of abiogenesis, Gr., a=not + 
bios= life + genesis=origin) was the most convincing concept regarding origin of life till 17th century.

¾y It states that, life came out of decaying and rotting matter like straw, mud etc. 
¾y It was believed that the frogs, toads, snakes and field mice arose from the mud; parasites, beetles and flies 

arose from the sweat and manure, aphids and other insects arose under the influence of heat and moisture 
from plant juices and microorganisms arose spontaneously from air or water.

¾y Experiments performed by Francesco Redi, Spallanzani and by the French Microbiologist Louis Pasteur 
went well against the theory of spontaneous generation of life and thus this theory became obsolete. 

 2. Biogenesis
¾y Biogenesis (Gr., bios= life + genesis=origin) is based on the theory that life can only come from life, and 

it refers to any process by which a lifeform can give rise to another lifeforms. For instance, a chicken laying 
eggs, which hatch and become baby chicken.

¾y It was proposed by Francisco Redi, Spallanzani and Louis Pasteur. 
¾y It states that life originates from pre-existing life.
¾y He demonstrated that nothing developed from sterilized and sealed flasks. Microorganisms did grow on 

open, sterilized flasks. He also used swan-neck flasks with fermentable broth. The structure of the flask 
allowed the air to enter while the dust particles were made to stick to the long curving tube and therefore were 
prevented from reaching the broth. Despite the air entering the flask, nothing grew on the broth. Conversely, 
microorganisms grew on the broth when the flask was tilted sideways. This caused the broth to touch the 
tube wall contaminated with dust. This disproved the notion that microorganisms could spontaneously 
form from the air. Instead, the microorganisms on the dust caused the spoilage of the broth. Through his 
experiments, supporters of the spontaneous generation waned.

 3. Cosmic theory (Theory of Panspermia)
¾y This theory was proposed by Richter and supported by Arrhenius.
¾y It states that the units of life (called spores) were transferred to different planets including earth. Panspermia 

is a hypothesis that says that life came from outside the earth, i.e. from another celestial body.
 4. Theory of special creation

¾y It states that, living and non-living things was created by some supernatural power (God).
¾y These forms were designed according to their surroundings and have existed unchanged from the time they 

were formed.
¾y The greatest supporter of this theory was Father Suarez. 

 5. Theory of chemical evolution
¾y It was proposed by Oparin and Haldane.
¾y It states that, the first form of life originated from non-living inorganic & organic 

molecules such as CH4 , NH3, H2O, sugars, 
proteins, RNA, nucleic acids etc.

¾y It states “Abiogenesis first, but biogenesis 
ever since”.

Experimental Evidence for Abiogenic 
Molecular Evolution of Life

¾¾ Urey-Miller Experiment
¾y Harold C. Urey & Stanley L. Miller conducted 

an experiment to prove the theory of 
chemical evolution.  

¾y They created a condition similar to that 
of primitive earth (i.e., high temperature, 
volcanic storms, reducing atmosphere 
containing CH4, NH3, H2O, and H2 etc).

¾y They operated electric discharge in a closed 
the flask containing CH4, NH3, H2 and water 
vapour at 800°C. 

¾y As a result, some amino acids were formed.
¾y In similar experiments, others observed 

formation of sugars, nitrogen bases, pigment 
and fats.
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Fig. 7.1: Showing Urey-Miller Experiment



72  ] Oswaal ISC Chapterwise & Topicwise Revision Notes, For Semester-1, BIOLOGY, Class –XII

¾y First non-cellular form of life originated 3 
billion years ago.

¾y They were RNA, proteins, polysaccharides etc.

¾y Many scientists believe chemical evolution, i.e., the formation of biomolecules preceded the appearance of 
the first cellular forms of life. All early single-celled life forms originated in water environment only. 

¾¾ Evolution of Life Forms—A Theory

¾y Based on observations made during a sea voyage in a sailing ship called H.M.S. Beagle round the world, 
Charles Darwin concluded that existing living forms share similarities to varying degrees not only among 
themselves but also with life forms that existed millions of years ago. 

¾y There had been extinctions of different life forms in the years gone by just as new forms of life arose at 
different periods of the history of the earth.

¾y There has been gradual evolution of life forms due to variation in characteristics.

¾y Those characteristics which enable some to survive better in natural conditions (climate, food, physical factors 
etc.) would outbreed others that are less-endowed to survive under such natural conditions. 

¾y The fitness, according to Darwin, refers ultimately and only to reproductive fitness. Hence, those who are 
better fit in an environment, leave more progeny than others.

¾y These, therefore, will survive more and hence are selected by nature. 

¾y He called it natural selection and implied it as a mechanism of evolution.

¾y Alfred Wallace, a naturalist who worked in Malay Archipelago also came to similar conclusions around the 
same time. 

¾y All the existing life forms share similarities and share common ancestors. 

¾y However, these ancestors were present at different periods in the history of earth

¾y The geological history of earth closely correlates with the biological history of earth. 

EVIDENCES OF EVOLUTION

Evidences of evolution come from

 (i) Palaeontology (ii) Comparative anatomy and morphology

 (iii) Biochemical/Physiology (iv) Biogeography 

 (v) Embryology

1. Palaeontological Evidences

¾y Palaeontology: The study of fossils is known as palaeontology. 

¾y Fossils are the remains or traces of animal and plant life of the past, found embedded in rock either as petrified 
hard parts or as moulds, casts or tracks.

¾y Rocks form sediments and a cross-section of the earth’s crust indicates the arrangement of sediments one 
over the other during the long history of earth.

¾y Different-aged rock sediments contain fossils of different life-forms who probably died during the formation 
of the particular sediment. 

 Significance of Fossils

¾y To study phylogeny (evolutionary history or race history). e.g. Horse evolution.

¾y To study the connecting link between two groups of organisms. e.g. Archaeopteryx.

¾y To study extinct animals. e.g. Dinosaurs

¾y To study geological period by analyzing fossils in different sedimentary rock layers. The study showed that 
life forms varied over time and certain life forms are restricted to certain geological periods.

 The discovered fossils of the horse, elephant, camels, and humans provide their ancestral history. The number of 
toes decreased for greater speed, size gradually increased and teeth adapted to eat grass.
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Fig. 7.2: Fossil record of bone of hind legs of horses from Eohippus to Equus showing decrease in the number of toes

2. Morphological and Anatomical evidences
 Though organisms of different species and groups are quite different from each other, 

they still retain certain common features. Morphological evidences for evolution are 
derived from –

 (i) Homologous and analogous organs 
 (ii) Vestigial organs 
  (iii) Connecting link  

¾y The comparative study of various organs in different groups of vertebrates exhibit common features which 
show that they evolved from a common ancestor.

¾y This can be explained as follows :
(a) Homologous Organs and Homology

¾y Homologous organs are the organs 
having fundamental similarities in 
structure and origin but different 
functions. This phenomenon is called 
homology. e.g. Human hand, Whale’s 
flippers, Bat’s wing, and Cheetah’s foot.

¾y Forelimbs of vertebrates are a good 
example of homologous organs. They 
are built on the same fundamental plan 
yet they appear different and perform 
different functions 

¾y In each case the forelimb consists of 
humerus, radius and ulna, carpals, 
metacarpals and phalanges. This basic 
similarity in the structure of the different 
forelimbs of different kinds of vertebrates 
is due to the fact that all these limbs have 
evolved from a common type called the 
pentadactyl (five-fingered) limb. 

¾y Homology can also be seen in the heart, blood vessels, excretory system, brain etc.
¾y Homology found in different animals indicate their evolution from common ancestors. The process in which 

species which has diverged after origin from common ancestor giving rise to new species adapted to new 
habitats and ways of life is called adaptive radiation, exhibit a large number of homologous organs. 

¾y Homology shows divergent evolution. e.g., Adaptive radiation gave rise to a variety of marsupials in Australia.
 Divergent evolution: Development of different functional structures from a common ancestral form is called 

divergent evolution, e.g. Development of Homologous organs
 Homology in Plants: The thorns of Bougainvillea and tendrils of Cucurbita.

¾y The origin of homologous organs is due to divergent evolution. 
¾y The divergent evolution is the process by which related species become less similar to survive and adapt to 

different environmental conditions.

Man Cheetah Whale Bat

Fig. 7.3: Example of homologous organs in animals
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¾y Homology indicates common ancestry.

Fig. 7.4: Example of homologous organs in plants

 Biochemical Homology: Similarities in proteins and genes performing similar functions among diverse 
organisms give hints to common ancestry. These biochemical similarities point to the same ancestry as structural 
similarities among diverse organisms.

(b) Analogous Organs and Analogy
¾y Analogous organs are organs having similar functions but different structures and origins. This phenomenon 

is called analogy.
¾y Examples :

 (i) Wings of insects (formed of a thin flap of chitin) and wings of birds (modified forelimbs).

Fig. 7.5: Wings of insects and wings of birds

 (ii) Eyes of Octopus (retina from skin) and eyes of mammals (retina from the embryonic brain). 
 (iii) Flipper of Penguins and Dolphins. 
 (iv) Sweet potato (modified root) & Potato (modified stem).
 (v) Trachea of insects (from ectoderm) and lungs of vertebrates (from endoderm). 

¾y The origin of analogous organs is due to convergent evolution.
¾y The convergent evolution is the process by which unrelated species become more similar to survive and 

adapt to similar environmental conditions.
¾y Development of similar adaptive functional structures in unrelated groups of organisms is called convergent 

evolution. E.g., Some of the marsupials of Australia resemble equivalent placental mammals that live in 
similar habitats of other continents. When adaptive convergence is found in closely related species, it is called 
parallel evolution.

¾y Analogous organs do not show common ancestry but they show evolution.
(c) Vestigial Organs: Vestigial organ is any small degenerate or imperfectly developed (non-functional) organ or 

parts which may have been complete and functional in some ancestor.

Fig. 7.6: Some vestigial organs in human body
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 The only rational explanation for the presence of these non-functional 
organs is that they have been inherited from ancestors in which they were 
functional.

(d) Connecting Links: The animals or plants which possess characters of 
two different groups of organisms are known as connecting links. The 
connecting links establish continuity in the series of organisms by proving 
that one group has evolved from the other. A good example is that of a 
fossil bird Archaeopteryx, which was a connecting link between reptiles and 
birds. This bird had a beak with teeth and a long tail (with bones) like the 
lizards. It had feathers on the wings and the body like the birds   

Evidences from Embryology

¾¾ Embryology is the study of the development of an organism 
¾¾ The aspects of embryology that support the doctrine of organic evolution are :
¾y Similar stages of early development (morula, blastula or gastrula) in all the animals; 
¾y The embryos of all vertebrates are similar in shape and structure in their early stages. 

¾¾ This resemblance is so close that it is difficult to tell them apart. 
¾y All the vertebrates start their life from a single cell, the zygote. 
¾y All of them during their life history, pass through a two-layered blastula and three-layered gastrula stage and 

then through fish-like stage with gill-slits. 
¾y All the different aspects of embryology strongly support the fact that the different classes of vertebrates had 

common ancestors.

Adaptive Radiation (Biogeographical Evidences)

¾¾ Adaptive radiation (evolution by adaptation) is the evolution of closely related species in a given geographical 
area starting from a point and radiating to other areas of geographic (habitations).
¾¾ Example:

 (a)  Darwin’s Finches (birds seen in Galapagos Islands); varieties of small black birds with altered beaks evolved 
on the same island. 

 (b)  Australian marsupials; several different marsupials evolved from an ancestral stock within the Australian 
island continent.

  (c)  Placental mammals in Australia; varieties of placental mammals, each appearing to be similar to a 
corresponding marsupial.

 Evolution of Plants: Unicellular Multicellular → Algae → Rhynia type plants → Cycads → Gnetales → Dicot → 
Monocot.

Fig. 7.8: Adaptive radiation of marsupials of Australia

¾y When more than one adaptive radiation appears in an isolated geographical area, this may be called as 
convergent evolution. 

 e.g. Australian Marsupials and Placental mammals show convergent evolution.
 Parallel evolution: When more than one adaptive radiation appeared to have occurred in an isolated geographical 

area then it is called parallel evolution. e.g. Australian marsupials and placental mammals (corresponding)

Placental mammals Australian Marsupials

Mole Marsupial mole
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Anteater Numbat (Anteater)

Mouse Marsupial mouse

Lemur Spotted cuscus

Flying squirrel Flying phalanger

Bobcat Tasmanian tiger cat

Wolf Tasmanian Wolf

¾¾ Evidences for Evolution by Natural Selection

¾y Natural selection is the process by which the organisms that are best suited for their environment survive and 
reproduce. 

¾y Many examples of natural selection in action are available now. Given below are three such examples. 

Example 1: DDT resistant mosquitoes.

About 50 years back, the mosquito population had been kept in control with the help of DDT. Thereafter, it was 
found that mosquitoes could not be killed with DDT any longer. There appeared DDT-resistant mosquitoes. What 
had happened was that a gene mutation (variation) had conferred (given) on the mosquito, the ability to resist 
the effect of DDT. While DDT killed other mosquitoes, those with the gene mutation survived and slowly within 
a few generations DDT resistant mosquitoes replaced the DDT-sensitive ones. In other words, the DDT resistant 
mosquitoes ‘reproduced differentially’ by the action of natural selection.

Example 2: Metal tolerance in grasses.

Certain metal residues sometimes collect in the soil near some industries using heavy metals. Being poisonous they 
kill the grasses. However, resistant grasses are found to evolve a

Example 3: Industrial melanism
(a) Industrial Melanism (In England): Before industrialization (1850s):

¾y There were more white-winged moths (Bistonbetularia) on trees than dark-winged or melanised moths  
(Biston Carbonaria). 

¾y Reason: Thick growth of almost while coloured lichen covered the trees. In that background the white-
winged moths survived but the dark-coloured moths were picked out by predators.

  After industrialization (1920):

¾y There were more dark-winged moths and less white-winged moths. 

¾y Reason: The tree trunks became dark due to industrial smoke and soot. The growth of lichens was hampered 
due to pollution. Under this condition, the white-winged moth did not survive because the predators 
identified them easily. Dark-winged moths survived as they were able to camouflage themselves because of 
suitable dark background.

(b) Natural selection by anthropogenic action: Excess use of herbicides, pesticides, antibiotics or drugs etc., resulted 
in selection of resistant varieties. 

A BRIEF ACCOUNT OF EVOLUTION

¾¾ 2000 mya: First cellular forms of life appeared on earth 

¾¾ 500 mya: Invertebrates formed 

¾¾ 350 mya: Jawless fish evolved probably, fish with stout and strong fins evolved which can move on lands as well 
as go back to water

¾¾ 320 mya: Seaweeds and few plants existed probably. 

¾¾ In 1938 : Fish caught in south Africa happened to be a coelacanth which was thought to be extinct. These animals 
are called lobefins (evolved into the first amphibians) 

¾¾ 200 mya : Some of the land reptiles went back into water to evolve into fish-like reptiles e.g. Ichthyosaurs. Land 
reptiles were Dinosaurs. Biggest Dinosaurs Tyrannosaurus rex (20 feet in height, have huge dagger-like teeth.) 

¾¾ First mammals were like shrews-They were small-sized, viviparous intelligent.

¾y Evolution of Man: About 15 mya, primates called Dryopithecus and Ramapitheus were existing. 

¾y Dryopithecus: Were more ape-like, live in Asia, Africa and Europe. Walk semierect, Hand & Skull were 
monkey-like. 

¾y Ramapithecus: First man-like, walk straight on legs, not taller than 4 feet. 
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¾y Australopithecines: 2 mya, lived in east African grassland, hunted with stones, ate fruits, Teeth larger. 

¾y Homo habilis: 2 mya, brain capacity 650-800cc, did not eat meat, dentition like humans. 

¾y Homo erectus: 1.5 mya, brain capacity 900cc, ate meat, walk erect. 

¾y Homo sapiens: 5 lakhs years ago., in Africa, and spread to all parts of world. Neanderthal man : 40,000-1,00,000 
years ago, brain capacity 1400cc, broad forehead, lives in caves, use hides to protect their bodies.

Evolutionary Theories, Its Mechanism and Evolution of Man

THEORIES OF BIOLOGICAL EVOLUTION

Based on the evidence of evolution various theories have been put forth regarding the evolution of life. The most 
important are the theories postulated by Lamarck and Darwin.
1. Lamarckism: Theory of Inheritance of Acquired Characters:

¾y According to Lamarck postulation of evolution, the acquired characters achieved by an organism during 
lifetime can be transferred or transmitted to offspring. Even in the offspring, these modifications become 
pronounced depending upon continuous use or disuse of the organs. After certain generations, the offsprings 
produced become different from their original parents giving new species. 

¾y The environmental factors force the living organisms to change and adapt themselves accordingly.
¾y On the basis of transmission of acquired characters whole postulation is known as the “theory of inheritance 

of acquired characters”.
¾y The theory of inheritance of acquired character is simply known as Lamarckism. And this theory consists of 

following postulates.
¾¾ Effect of environment:
¾y The environment changes regularly due to different geological or biophysical processes. The change 

in environment greatly affects the habit, habitat and composition of living organisms. This change in 
environment increases the possibility of new organisms with respect to various habitats.

¾¾ Effect of use and disuse of organs:
¾y The use and disuse of any organ affects the development of organ and body too.
¾y According to change in the environment, the body tends to increase the size of the organ which are used 

most frequently and continuously. It means the frequently used organs become more developed and become 
more strong and large.

¾y When the organ is not in continuous use, it gradually reduces in size and disappears or remains as less 
developed form (Vestigial form).

¾¾ Inheritance of acquired characters:
¾y All the changes occurred in an organism are preserved within the body. These acquired characters are then 

transmitted to their offspring through the gametes.
¾y This inheritance of acquired characters is due to the use and disuse of organs. Therefore, after many 

generations, new species are formed which are distinctly different from their ancestors.
¾¾ Evidence to prove or support Lamarckism:
¾y There are some examples by which the theory of evolution can be best explained in favour of Lamarck.

 Long-necked giraffe:
¾y The evolution of long-necked giraffes took place from short-necked giraffes due to continuous stretching 

of the neck muscles to find food from tall trees. In the beginning, the short-necked giraffe used to eat the 
grasses. 

¾y Later on, sources of grass on land reduced and it forced to eat the leaves of tall trees stretching of the neck is 
continuous and is gradually transmitted to offspring.

 Loss of limb of snake:
¾y The continuous creeping through holes and crevices made the snake’s body elongated and due to continuous 

disuse of limbs because they hinder while creeping in burrows resulted in loss of their limbs.
¾y In the same way, vestigial organs in humans and other animals show disuse of those organs.

 Web of hind limbs of frog:
¾y Development of webs on hind limbs of frogs and ducks for swimming in water because they are used more 

continuously in search of food.
2. Darwinism (Theory of Natural Selection)

¾y It was proposed by Charles Darwin. 
¾y It is based on two key concepts namely,
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 (a) Branching Descent
	 •	 It	explains	that	all	organisms	are	modified	descendants	of	previous	life	forms.	
 (b) Natural Selection
	 	•	 Consider	a	bacterial	colony	(say	A)	growing	on	a	given	medium.
 	 •	 If	 the	medium	 composition	 is	 changed,	 only	 a	 part	 of	 the	 population	 (say	 B)	 can	 survive	 under	 new	

conditions. This variant population outgrows the others and appears as new species, i.e., B is better than A 
under new conditions.

 	 •	 Nature	selects	for	fitness.	
	 •	 The	work	of	Thomas	Malthus	on	populations	influenced	Darwin.
¾¾ Natural selection is based on the following facts: 

 (i) Heritable minor variations.
  (ii) Overproduction by organisms.
  (iii) Limited natural resources.
  (iv) Struggle for existence.
  (v) Survival of the fittest.

¾y Population size grows exponentially if everybody reproduces maximally (e.g., bacterial population).
¾y In fact, population size is limited due to competition for resources (Struggle for existence). 
¾y Only some survive (Survival of the fittest). 
¾y Darwin said that the organisms with heritable variation and which make resource utilization better will 

enable only those to reproduce and leave more progeny. 
¾y It leads to a change in population characteristics and new forms appear. 

Mechanism of Evolution

¾¾ Darwin ignored about the origin of variation and mechanism of speciation.
¾¾ Mutation Theory: Hugo de Vries proposed the Mutation Theory of evolution.
¾¾ He conducted some experiments on Oenothera lamarckiana (evening primrose) and believed that evolution takes 

place through mutation and not by minor variation.
¾¾ Evolution for Darwin was gradual while Hugo de Vries believed mutation caused speciation and hence called it 

saltation (single-step large mutation)
¾¾ Differences between Darwinian Variation & Mutation

S.No. Darwinian Variation Mutation

1. It shows minor variation It shows large variation

2. It is slow and directional. It is random, sudden and direction less

3. It showed gradual evolution It showed speciation by saltation

¾¾ Hardy-Weinberg Principle
¾y  It says that allele frequencies in a population are stable and constant from generation to generation. 
¾y The gene pool (total genes and their alleles in a population) remains constant. This is called genetic equilibrium 

(Hardy-Weinberg equilibrium). 
¾y Sum total of all the allelic frequencies = 1 
¾y E.g. In a diploid, p and q are the frequencies of alleles A & a respectively. 
¾y The frequency of AA = p2 (i.e. the probability of an allele A with frequency p is the product of the probabilities, 

i.e. p2 )
¾y The frequency of aa = q2

¾y The frequency of Aa = 2pq 
¾y Hence p2 + 2pq + q2 = 1 [binomial expansion of (p+q)2 ] 
¾y Change of frequency of alleles in a population causes disturbance in genetic equilibrium, due to evolution. 

¾¾ Factors affecting Hardy-Weinberg Equilibrium
 (a) Gene Migration
	 	 •	 Gene	flow	from	one	population	to	another.	
	 	 •	 Here,	gene	frequencies	change	in	both	populations.	
	 	 •	 There	would	be	a	gene	flow	if	migration	happens	multiple	times.	
 (b)  Genetic Drift: It occurs in small populations when a part breaks off from a large population. Only 

representative genes of the large population are present which undergo a change at a right time and the 
small population may evolve into a new subspecies or species.
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	 	 •	 The	accidental	gene	flow	causing	change	in	frequency.	
	 	 •	 	Sometimes,	the	change	in	allele	frequency	is	so	different	in	the	new	sample	of	the	population	that	they	

become a different species.
	 		 •	 	The	original	drifted	population	becomes	founders	and	the	effect	is	called	the	founder	effect.	
 (c) Mutation, which is a sudden genetic change. 
	 	 •	 	It	may	 be	 a	 change	 in	 a	 single	 gene	 (genic	mutation	 or	 point	mutation)	 or	may	 affect	many	 genes	

(chromosomal mutation)
	 	 •	 Mutations	result	in	the	formation	of	new	phenotypes.
	 		 •	 Over	a	few	generations,	this	leads	to	speciation.
¾¾ Genetic Recombination
¾y It occurs in sexually reproducing organisms at every reproduction. The chromosomes and thus genes of the 

parents mix at random during zygote formation. That is why offspring of the same parents are different 
from each other as they have different combinations of parental genes. Variation is also brought about when 
crossing over occurs during gamete formation.

¾¾ Natural Selection
¾y Natural selection is a process in which heritable variations enabling better survival are enabled to reproduce 

and leave greater number of progeny.
¾y These are of three types namely, stabilizing selection, directional selection and disruptive selection.

  (i) Stabilizing selection: Here, more individuals acquire mean character value and variation is reduced.
 (ii) Directional selection: Here, individuals of one extreme are more favoured.

 (iii)  Disruptive selection: It eliminates most of the individuals acquire peripheral character value at both 
ends of the distribution curve.

ACCOUNT OF EVOLUTION

Cenozoic Era 
(a) 65 mya : Dinosaurs suddenly disappeared from the earth. 
(b) First mammals (shrew-like). Their fossils are small sized. 
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(c) In South America, there were mammals resembling horse, hippopotamus, bear, rabbit etc.

(d) Due to continental drift, when South America joined North America, these animals were overridden by North 
American fauna.

(e) Due to continental drift, Australian marsupials survived because of lack of competition from any other mammals. 

(f) Tertiary period of the Cenozoic is also called the age of angiosperms.

Know the Terms
¾¾ Analogous Organs: Those organs which perform the same function but are dissimilar in their basic structural 

plan and developmental origin.

¾¾  Fossils: These are the remains or impressions of organisms that lived in the remote past.

¾¾ Homologous Organs: Those organs which have a similar basic structural plan and developmental origin, but 
look different and perform different functions.

¾¾ Convergent Evolution: It is the evolutionary process where anatomically different structures in different groups 
of organisms evolve towards the same function

¾¾ Adaptive Radiation: It is the process of evolution of different species starting from a point in a geographical area 
and finally radiating to other areas of geography. 

¾¾ Evolutionary biology: The study of history of life forms on earth.

¾¾ Abiogenesis: Origin of life from non-living materials. 

¾¾ Biogeny: Origin of first life.

¾¾ Biopoiesis: Origin of life. 

¾¾ Protobiogenesis: Biochemical origin of life. 

¾¾ Chemogeny: Origin and development of different types of organic molecules. 

¾¾ Cognogeny: Development of different forms of life. 

¾¾ Eobiont: Cell like structure capable of self-duplication.

¾¾ Nebula: Condensed mass of dust and gas. 

¾¾ Artificial Selection: It is the process carried out by man to select better plants and animals.

¾¾ Biogeography: The study of patterns of distribution of plants and animals in different parts of earth. 

¾¾ Panspermia: Units of life in the forms of so called spores, which were transferred to earth from outer space (as 
believed by some scientists).

¾¾ Organic (Biological) Evolution: Changes in the characteristics/features of organisms or groups of such 
populations over many generations.

¾¾ Genetic Recombination: It is the alleles of parental linkage groups separate and new associations of alleles are 
formed due to crossing over in meiosis in the gamete cells.

¾¾ Mutation: It is the sudden appearance or variations.

¾¾ Natural Selection: It is the process of occurring in nature that acts over many generations and slowly increases 
the proportion of those individuals who are adapted to the environment due to their heritable characters.

¾¾ Speciation: It is the process of formation of new species from pre-existing species. 

¾¾ Hardy – Weinberg Principle: It states that the allele frequencies in a population are stable and remain constant 
from generation to generation.

¾¾ Gene Pool: Sum total of all the genes in a population. 

¾¾ Atavism: It is a modification of a biological structure whereby an ancestral trait reappears after having been lost 
through evolutionary change in previous generations.
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 MNEMONICS  

1. HOMOLOGOUS Organs

Mnemonic: Vijay’s Hovering Ball and Bat for Test 
Cricket Today Let us Win the Match By Catch

Interpretation: Homologous organs examples are 
Vertebrate Hearts or Brains. (In plants also, the) 
Bougainvillea’s Thorn Cucurbita’s Tendrils, Limbs of 
Whale, Bats and Cheetah

2. ANALOGOUS EXAMPLES

Mnemonic: All People of Dehradun and France are 
Sweet and Peaceful Who give Best Breads and Many 
Options of Egg dishes

Interpretation: Analogous organs examples- 
PENGUINS and DOLPHINS Flippers, SWEET POTATO, 
Wings of Birds and Butterflies, Mammals and Octopus 
Eyes

3. (a) To memorize the Eras:

  Mnemonics: Please Pay My Cash!

   Interpretation: ERA: Precambrian, Paleozoic, 
Mesozoic, Cenozoic:

 (b) To memorize the Periods:

  Mnemonics: Come Over Some Day, Maybe 
Play Poker Three Jacks Can Take Queen

  Interpretation: Periods: Cambrian, Ordovi-
cian, Silurian, Devonian, Mississippian, Penn-
sylvanian, Permian, Triassic, Jurassic, Creta-
ceous, Tertiary, Quaternary:

 (c) To memorize the Epochs of Cenozoic Era:

   Mnemonics: Place Eggs On Mira’s Plate 
Please Harish.

   Interpretation: Epochs of Cenozoic Era: 
Paleocene, Eocene, Oligocene, Miocene, 
Pliocene, Pleistocene, Holocene (or Recent):

4. Factors affecting Hardy-Weinberg Equilibrium
 Mnemonic: Grand Mother, Grand Daughter Meet 

Great Royals NearSociety
 Gene Migration, Genetic drift, Mutation, Genetic 

Recombination, Natural Selection.
5. Hardy-Weinberg equilibrium: causes for 

deviations from it
 Mnemonic: Mudra Michael Does Not Smoke” 

Mutations, Migration, Drift, Non-random mating, 
Selection

 Interpretation: Mutations, Drift, Non-random 
mating, selection

6. Human evolution
 Dryopithecus — Doctor
 Ramapithecus — Ram in
 Australopithecus — Australia
 Homo Habilis — H a v e 

researched 
 Homo Erectus — 

Evolution on
 Homo Neanderthal — New
 Homo Sapiens — Humans
 Mnemonics: Doctor Ram in Australia Have 

researched Evolution on New Humans.



CHAPTER-8 
MICROBELS IN HUMAN WELFARE

Microbes in Industrial Products and in Sewage Treatment

MICROBES

¾¾ Microbes are the major components of biological systems on this earth.
¾¾ Microbes are present everywhere such as in soil, water, air, inside our bodies and that of other animals and 

plants.
¾¾ They are also found at sites such as deep inside the geysers (thermal vents) where the temperature may be as high 

as 1000C, deep in the soil, under the layers of snow several metres thick, and in highly acidic environments. 
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¾¾ Microbes are diverse-protozoa, bacteria, fungi and microscopic plants viruses, viroid and prions that are 
proteinaceous infectious agents. 
¾¾ Microbes like bacteria and many fungi can be grown on nutritive media to form colonies that can be seen with 

the naked eyes.
¾¾ Microbes cause a large number of diseases in human beings, plants and animals.
¾¾ Other Uses of Microbes
¾y ‘Toddy’ a traditional drink of southern India is made by fermenting sap from palms.
¾y Microbes are used to ferment fish, soya beans and bamboo shoots to make foods.

MICROBES IN INDUSTRIAL PRODUCTS

¾¾ Microbes are used to synthesize many products such as beverages, antibiotics etc., valuable to human  
beings.
¾¾ Production of beverages, antibiotics etc., on an industrial scale requires growing microbes in very large vessels 

called fermenters.
(a) Fermented Beverages
¾¾ Wine and Beer are produced without distillation.
¾¾ Whisky, Brandy and Rum are produced by distillation of fermented broth.

(b) Chemicals, Enzymes and Other Bioactive Molecules
 1. Production of organic acids: 

 (i) Aspergillus niger (a fungus): Citric acid
 (ii) Acetobacter aceti (a bacterium): Acetic acid
 (iii) Clostridium butylicum (a bacterium): Butyric acid 
 (iv) Lactobacillus (a bacterium): Lactic acid

 2. Alcohol
 (i) Saccharomyces cerevisiae (yeast) : Used to produce ethanol.

 3. Enzymes
 (a) Lipases: 

  (i) Used in detergent formulations. 

  (ii) Help to remove oily stains from the laundry.
 (b) Pectinases & Proteases : To clarify bottled juices.
 (c)  Streptokinase: As a clot buster’ to remove clots from the blood vessels of patients who have myocardial 

infarction. It is produced by the bacterium Streptococcus and modified by genetic engineering.
 4.  Cyclosporin A: Produced by Trichoderma polysporum (fungus). It is used as an immunosuppressive agent in 

organ transplant patients.
 5. Statins: Are produced by Monascus purpureus (yeast).

 (a) Used as blood-cholesterol lowering agents. 
 (b) It inhibits the enzymes responsible for synthesis of cholesterol.

MICROBES IN SEWAGE TREATMENT

¾¾ Sewage (municipal waste-water) contains large amount of human excreta, organic matter and microbes.
¾¾ Sewage is treated in Sewage Treatment Plants to make it less polluting. It includes stages namely primary 

treatment and secondary treatment.
(a) Primary Treatment
¾¾ It is physical treatment.
¾¾ It is the physical removal of large and small particles from sewage. It includes :
¾y Removal of floating debris by sequential filtration.
¾y Removal of the grit (soil and pebbles) by sedimentation.
¾y All solids that settle form the primary sludge and the supernatant forms the primary effluent.
¾y The effluent is taken for secondary treatments.

(b) Secondary treatment (Biological treatment)
¾¾ Primary effluent is passed into large aeration tanks and constantly agitated.
¾¾ This allows vigorous growth of useful aerobic microbes into flocs (masses of bacteria associated with fungal 

filaments to form mesh-like structures).
¾¾ These microbes consume the major part of the organic matter in the effluent.  
¾¾ This reduces the BOD (Biochemical Oxygen Demand) of the effluent.
¾¾ The effluent is then passed into a settling tank where the bacterial ‘flocs’ are allowed to sediment.
¾¾ This sediment is called ‘activated sludge’.
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¾¾ A small part of the activated sludge is pumped back into the aeration tank to serve as the inoculum.
¾¾ The remaining major part of the sludge is pumped into large tanks called anaerobic sludge digesters.
¾¾ Here, some anaerobic bacteria digest the bacteria and fungi in the sludge by producing gases like CH4, H2S and 

CO2. These gases form the biogas.
¾¾ The effluent from secondary treatment plant is released into natural water bodies like rivers and streams.
¾¾ The Ministry of Environment and Forests has initiated Ganga Action Plan and Yamuna Action Plan to save rivers 

from water pollution.

Biological Oxygen Demand (BOD)

¾¾ BOD represents the amount of dissolved oxygen required for the complete oxidation of all the organic matter 
present in one litre of water by bacteria at 20°C.
¾¾ BOD measures the amount of organic matter present in water by measuring the rate of O2 taken up by microbes.
¾¾ Higher BOD indicates that the water is highly polluted by organic matter. Lower value of BOD means the water 

is less polluted or normal.

MICROBES IN THE PRODUCTION OF BIOGAS

¾¾ Biogas is a mixture of gases, (containing predominantly methane) produced by the microbial activity.
¾¾ Biogas is used as fuel. 
¾¾ Microbes produce different types of gaseous end products during growth and metabolism. 
¾¾ The type of gas produced depends upon the microbes and the organic substrates they use.
¾¾ In the fermentation of dough, cheese making and production of beverages, the main gas produced is carbon 

dioxide.
¾¾ Certain bacteria, which grow anaerobically on cellulosic material, produce a large amount of methane along with 

carbon dioxide and hydrogen. These bacteria are collectively called methanogens. e.g., Methanobacterium.
¾¾ Methanobacterium is found in the anaerobic sludge and in the rumen of cattle (for cellulose digestion).
¾¾ The dung of cattle called gobar is rich in these bacteria. 
¾¾ Dung can be used for generation of biogas commonly called gobar gas.
¾¾ The biogas plant consists of four parts namely,

 (a) A concrete tank (digester)
 (b) A floating cover
 (c) Two outlets
 (d) Gas holder
¾¾ A concrete tank (10-15 feet deep) is used to collect bio-wastes and slurry of dung. 
¾¾ A floating cover is placed over the slurry, which keeps on rising as the biogas is produced.
¾¾ An outlet is connected to a pipe to supply biogas.
¾¾ There is another outlet to remove the spent slurry that can be used as fertilizer.
¾¾ The technology of biogas production in India was developed by the Indian Agricultural Research Institute (IARI) 

and Khadi and Village Industries Commission (KVIC).

Dung Water

Digester

Sludge

Gas-holder

Gas

(CH + CO + )24 H S2

Fig. 10.1: A Biogas Plant



84  ] Oswaal ISC Chapterwise & Topicwise Revision Notes, For Semester-1, BIOLOGY, Class –XII

Microbes as Biocontrol Agents and Bio-fertilizers

MICROBES AS BIOCONTROL AGENTS

¾¾ Biocontrol refers to the use of biological methods for controlling plant diseases and pests.
¾¾ Chemical pesticides and insecticides are harmful to all organisms and cause pollution. 
¾¾ Chemical pesticide kills both useful and harmful life forms.
¾¾ The use of biocontrol measures will greatly reduce our dependence on toxic chemicals and pesticides. 
¾¾ An important part of biological farming is to become familiar with the various life forms that inhabit the field, 

predators as well as pests, and also their life cycles, patterns of feeding and the habitats that they prefer. 
¾¾ These help to develop appropriate biocontrol.

 e.g., Ladybird and Dragonflies are useful to get rid of aphids and mosquitoes respectively.

Microbial Biocontrol Agents

(a) Bacillus thuringiensis (Bt)
¾¾ Bacillus thuringiensis (Bt) is a bio-control agent in controlling butterfly caterpillars.
¾¾ These are available in sachets as dried spores which are mixed with water and 

sprayed onto vulnerable plants such as brassica and fruit trees, where these are eaten 
by the insect larvae.
¾¾ In the gut of the larvae, the toxin is released and the larvae get killed.
¾¾ The bacterial disease will kill the caterpillars, but leave other insects unharmed.
¾¾ By the development of genetic engineering, scientists have introduced B. thuringiensis toxin genes into plants. 

 e.g., Bt cotton.
(b) Trichoderma species as biocontrol agents :
¾¾ The microbial agent is the fungus Trichoderma sp. act as a bio-control agent in the treatment of plant diseases. 
¾¾ These are free-living species seen in the root ecosystems. 
¾¾ They are effective biocontrol agents of several plant pathogens.

(c) Baculoviruses as biocontrol agent :
¾¾ Baculoviruses belonging to genus Nucleopolyhedrovirus attacks insects and other arthropods.
¾¾ These viruses are suitable for species-specific, narrow spectrum insecticidal applications. 
¾¾ This is desirable in IPM (Integrated Pest Management) program to conserve beneficial insects.

MICROBES AS BIOFERTILIZERS

¾¾ To meet the ever-increasing demand for agricultural produce, there has been a tremendous increase in the usage 
of chemical fertilizers. This in turn has contributed significantly to environmental pollution.
¾¾ Since several problems are associated with the overuse of chemical fertilizers, there is large pressure to switch to 

organic farming, the use of biofertilizers.
¾¾ Biofertilizers are organisms that enrich nutrient quality of the soil. 
¾¾ The main sources of biofertilizers are bacteria, fungi, cyanobacteria, etc.
¾¾ The example includes 

 (a) Rhizobium
	 	 •	 It	is	a	symbiotic	bacteria	in	root	nodules	of	leguminous	plants	that	fixes	atmospheric	N2.
 (b) Mycorrhiza
	 	 •	 It	is	a	symbiotic	association	of	fungi	(e.g.,	the	genus	of	Glomus)	with	plants.	
	 	 •	 The	fungus	gets	food	from	the	plant.	
	 	 •	 	The	fungal	symbiont	help	to	absorb	phosphorus	from	soil	and	passes	it	to	the	plant,	give	resistance	to	

root-borne pathogens and tolerance to salinity and drought and also gives an overall increase in plant 
growth and development.

 (c) Cyanobacteria (Blue green algae)
	 	 •	 It	is	an	autotrophic	microbe	that	fixes	atmospheric	nitrogen.	e.g.,	Anabaena, Nostoc, Oscillatoria etc. 
	 	 •	 In	paddy	fields,	cyanobacteria	serve	as	important	biofertilizers.	
	 	 •	 They	also	add	organic	matter	to	the	soil	and	increase	its	fertility.



Oswaal ISC Chapterwise & Topicwise Revision Notes, For Semester-1, BIOLOGY, Class –XII [  85

Know the Terms
¾¾ GAP: Ganga Action Plan.
¾¾ KVIC: Khadi and Village Industries Commission.
¾¾ YAP: Yamuna Action Plan.
¾¾ BOD: Biochemical Oxygen Demand. It is a measure of the oxygen needed by aerobic decomposers in the sewage 

water.
¾¾ Fermentors : These are large vessels used for growing microbes on an industrial scale.
¾¾ Flocs: These are the masses of bacteria associated with fungal hyphae that form mesh-like structures.
¾¾ Methanogens: These are bacteria that produce large quantities of methane during decomposition of organic 

matter.
¾¾ Biofertilizers: These are organisms that enrich the nutrient content of the soil.
¾¾ Biocontrol: Use of biological methods for controlling  plant diseases and pests.
¾¾ Symbiotic: The relationship involving interaction between two different organisms living in close physical  

association.

 MNEMONICS  

Mnemonics

Concept: Alcoholic beverages produced by distillation.
Mnemonics: White BiRD
Interpretation:
W - Whisky
B - Brandy
R - Rum
D - Distillation

Concept: Microbes in human welfare

(a) Mnemonics: YE SACH CER BREAD .

   Interpretation: YEAST/SACCHAROMYCES CEREVI-
SIAE/BREAD.

(b) Mnemonics: BB STREP CLOT.

  Interpretation: BACTERIA/BACTERIUM STREPTO-
COCCUS/CLOT BUSTER ENZYME.

(c) Mnemonics: FUN TRI CYCLO IMMUNE.

  Interpretation: FUNGUS/TRICHODERMA POLYS-
PORUM/CYCLOSPORIN-A/IMMUNOSUPPRESIVE

(d) Mnemonics: YE MONA PUR STAT COLESTRAL.

  Interpretation: YEAST/MONASCUS PURPUREUS/
STATIN/LOWER BLOOD CHOLESTEROL.




