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Prospects of Zoology

National and International Biology Olympiad Exam
Whao can participate?  : Secondary and Higher Secondary students
Five stages of Exam
Stage I : Mational Standard Examination in Biology

Stage 11 : Indian Mational Biology Olympiad
Stage II1 : Orientation cum Selection Camp in Biology
Stage IV : Pre-departure Training Camp for
International Binlogy Olympiad
{IBO] {for 4 members)
Stage V : Participation in IBO

Weblink: https://www.entrancei.com

Scholarship for Biology Students

Ministry of Science and Technology offers biology scholarship w 100 students
from schools around the country. Among them 52 (two from each state board) are
selected for the award which carries a cash prize of Rs 20,000, a centificate and a medal.
http:/ fwww.dbtindia_nic.in

It also offers INSPIRE programme for science students. www.online_inspire.govin

& Tamilnadu State Council of Science and Technology offers Young Scientists Fellowship i
Scheme to encourage scientist below 40 years, who are working in edocational institutions.
They are given Rs. 10000 for 2- 6 months. (http-//www._tanscst mic.in/)

Tamilnadu State Council of Science and Technology offers Studemt project
scheme for Science and Technology useful to our society Student scientists are
awarded with the cash prize of Rs5000 - 10000 for their best project or model
{http:/ ferww.tanscst_nic.in/)

Institutes affiliated to Dr. M.G.R. Medical University, Chennai.

Occupation Therapy Colleges:

»  College of Occupational Therapy, Christian Medical College, Vellore
Physiotherapy Colleges:

« Govt. College of Physiotherapy, Trichy

« Govl Institute of Rehabilitation Medicine, Chennai

. College of Physiotherapy, Christian Medical College, Vellore
« Tamilnadu Paramedical Institutions College of Physiotherapy, Chennai
siddha Colleges:

«  Gowt. Siddha Medical College, Chennai

« Govi. Siddha Medical College, Tirunebeli

« National Institute of Siddha, Chennai
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Thanjavur Medical College, Thanjavur
College of Allied Medical Sciences,
Madurai

Dwepartment of Pharmacy, Annamalai
University, Cuddalore

Nursing Colleges:
« College of Nursing, Madras Medical

College, Chennai
College of MNursing. Madorai Medical
College, Madurai

Medical Colleges:

.@ »

Cancer Institute, College of Oncological
Sciences, Chennai

Chengalpattu Medical College,
Chengalpattu

= Christian Medical College, Vellore

Kanyakumari Govt. Medical College,
Kanyakumari

Kilpauk Medical College, Chennai
Madras Medical College and Research
Institute, Chenmnai
Madurai Medical College, Madurai
Stanley Medical College, Chennai
Thanjavur Medical College, Thanjavur
Theni Governmeni Medical College,
Theni

Thoothukudi Govt. Medical College,
Thoothukudi

» Tirunelveli Medical College, Tirunelveli
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Vellore Govt. Medical College, Vellore

Homeopathy Colleges:

» Govt. Homeopathic Medical College
» Tamilngdu Homeopathy Medical
College, Salem

Dental Colleges:
» Tamilnadu Govi Dental College,

Chennai

Ayush Institutions In Tamilnadu
= Ayurveda College, 242-B, Trichy

Road, Sulor, 215 Pathanjalipuri (Post),
Coimbatore - 641402

Venkataramana Ayurveda College, 216
SO6AlRAZIIst St TNHE Colomy
Periyar Magar, Korattur, Chennai

» Sri Sai Ram Ayurvedic Medical

C-l:lﬂl!gt & 217 Rescarch Centre,
Saileo Magar, Poonthandalam Village,
Sriperumbudur, Chennai - 600044

Dharma Ayurvedic Medical College and
Hﬂﬁp.&ﬂilﬂ-ﬁmni“ﬁzﬂmm
Sripernmbudur, Kanchipuram, 602 105

» Sri Sankara College of Ayurveda,

Sannasipatti, 219 Poolankulathupatti
(Post) Trichy-620009

List of Tamilnadu Veterinary
colleges affiliated to Tamilnadu
Veterinary University




Prospects of Zoology

« Tamilnadu Agricultural University,

Coimbatore

» Agriculinral College and Research
Istitute, Fanibyal g

Research Institute, Coimbatore

Women, Kodaikanal
Institute, Periyakulam

Institutes conducting
Researches in Zoology

Indian Institute of Science (115C})

Bangalore
Biochemistry (BC)
Central Animal Facility (CAF)

» Centre for Ecological Sciences (CES)

Cenire for Infectious Disease Besearch
(CIDR)

« Centre for Neuroscience (CNS)

Microhiclogy and Cell Biology (MCE)
Molecular Biophysics Unit (MBU)

Salim Ali Centre for Ornithology
and Natural History (SACON)
Coimbatore
(NOD) Cell
= GIS Laboratory
« Ecotoxicology Laboratory
« Conservation Genetics Laboratory
Institute of Basic Medical Science
{IBMS} Tharamani, Chennai
Blood transfusion

Chromatography
=  Mass spectroscopy
s« Clinica l[}a[a_m' g
« Diagnosis of blood courses
Centre for Marine Fisheries and
Research Institute (CMFRI)
« Marine capture fisheries
Mariculture e
. Moine Bolkitmal
= Fishery environment
Mational Environmental
Engineering Research Institute
WEER[}
Air Pollution control
« Climale sustainability and skill
development
« Cleaner technology and modeling
» Environmental Biotechnology and
Genomic division

[FS (Indian Forest Service) Examination

Conducting suthority - UPSC

Educational - BSc. in any one degree like Physics, Chemistry, Botany, Zoology,
Qualification: Agriculwure, Maths, Geology, or B.E or B.V.Sc.
Age - Minimum 21, Maximum 32 Yrs
Weblink - hittps:ffupsconline nic.in
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UNIT -1

Chapter Outline

L1. Modes of reproduction
L2 Asexual reproduction
1.3. Sexual reproduction

@ Learning Objectives

¥ Learns the modes of asooal
reproduction in erganisms.
b Understands the

—

Li'lriug organisms show a life cyde
involving birth. growth, development,
maluration, reproduction and  death
Reproduction is the fundamental feature of
all living organisms. It is a biological process
by which organisms produce their young
oncs. The young ones grow and mature to

repeat the process. Thus reproduction results

| ] NE-Terd Totiogy Chasier Y Bl nas 1

Reproduction
in Organisms

Parameria is capable of both sexul amd
asexual reproduction.

in continuation of species and introduces
variations in organisms, which are essential
for adaptation and evolution of their

own kind.

1.1. Modes of reproduction

All modes of reproduction have some
basic features such as synthesis of RNA and
proteins, replication of DNA, cell division and
growth, formation of reproductive units and
their fertilization o form new individuals.
Organisms exhibit two major modes of
reproduction namely asexual and sexual
reproduction. Reproduction by a single parent
withoul the involvement of gamete formation
is asexnal reproduction and the offspring
produced are genetically identical. Asexual
reproduction is usually by amitotic or mitotic
division of the somatic (body) cells, hence
is also known as somatogenic or blastogenic
reproduction. When two parents participate
in the reproductive process involving two
types of gametes (ova and sperm), it is called
sexual reproduction.

1.2. Asexual reproduction
Asexual reproduction is wide spread
among different organisms. It is common in

members of Protista, Bacteria, Archaca and

—
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in multicellular organisms with relatively
simpler organisation. The offsprings show
“uniparental inheritance”™ without any genetic
variation. The different modes of asexual
reproduction secn in animals are fission,

budding, fragmentation and regeneration.

Fission is the division of the parem
body into two or more identical daughter
individuals. Five types of fission are seen in
animals. They are binary fission, multiple
fission, plasmotomy, strobilation and
sporulation.

In binary fission, the parent
organism divides into two halves and
cach hall forms a daughter individual
The mocleus divides first amitotically or
mitotically (karyokinesis), followed by the
division of the cytoplasm (cytokinesis).
The resultant offsprings are genetically
identical to the parent. Depending on the
plane of fission, binary fission is of the
following types.

il Simple irregular binary fission

ii) Transverse binary fission

iii} Longitedinal binary fission

iv) Oblique binary fission

Simple irregular binary fission is seen

in irregular shaped organisms like Amoeba
(Fig. 1.1), where the plane of division is
hard to observe. The contractile vacuoles
cease 0 [unction and disappear. The
nucleoli disintegrate and the nucleus divides
mitotically. The cell then constricts in the
middle, so the cyloplasm divides and forms
two daughter cells.

In transverse binary fission, the planc of
the division runs along the transverse axis of
the individual. e.g. Paramecium and Plamaria.
In Paramecium (Fig. 1.2) the macronucleus
divides by amitosis and the micronucleus
divides by mitosis.

in longitudinal binary fission, the
nucleus and the cytoplasm divides in the
longitudinal axis of the organism {Fig 1.3). In

iy " e
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Fig. 1.1 Irregular simple binary fission in Amorba

Aeprodection In gastsms 2
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Fig. 1.2 Longitudinal binary fizsion m Eugleng

flagellates, the flagellum is retained usually by
one daughter cell. The basal granule is divided
into two and the new basal granule forms a
flagellum in the other danghter individual
e.g. Vorticella and Euglena

In obligue binary fission the plane of
division isoblique. It is seen in dinoflagellates.
e.g Ceratium.

In multiple fission the paremt body
divides into many similar daughter cells
simultaneously. First, the nucleus divides
repeatedly, later the cytoplasm divides into as
many parts as that of nuclei. Each cytoplasmic
part encircles one daughter nucleus. This
resulis in the formation of many smaller
individuals from a single parent organism.
If multiple fission produces four or many
daughter individuals by equal cell division
and the young ones do not separate until

the process is complete, then this division is
called repeated fission. c.g. Vorticella.

During unfavorable conditions {increase
or decrease in lemperature, scarcity of food)
Amoeba withdraws itz psendopodia and
secretes a three-layered, protective, chitinous
cyst wall around it and becomes inactive
(Fig. 1.4). This phenomenon is called
encystment. When conditions become
[avourable, the encysted Amoeba divides
by multiple fission and prodoces many
minute amocbae called pseadopodiospore
or amocbolae. The cyst wall absorbs
water and breaks off liberating the young
pscudopodiospores, each with a  fine
psendopodia. They fecd and grow rapidly to
lead an independent life.

In some metazoan animals, a special type
of transverse fission called strobilation occurs

Fig. 1.4 Multiple fission in encysted Amoeba
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Fig. 1.5 Strobilation in Aurelia

(Fig. 1.5). Inthe processof strobilation, several
transverse fissions occur simultaneously
giving rise o a number of individuals which
often do not separate immediately from
each other e.g Awrelia. Plasmotomy is the
division of multinucleated parent into many
multinucleate daughter individuals with the
division of nuclei. Nuclear division occurs
later to maintain normal number of nuclei.
Plasmotomy occurs in Opaling and Pelomyxa
(Giant Amoeba).

Dwring unfavourable conditions Ameeha

multiplicsby sporulation withoutencystment.

Mucleus breaks into several small fragments
or chromatin blocks. Each fragment develops
a nuclear membrane, becomes surrounded by
cytoplasm and develops a spore-case around
it (Fig. L6). When conditions become
favourable, the parent body disintegrates and
the spores are liberated, cach hatching into a
young amocha.

In budding, the parent body produces one
or more buds and each bud grows into a young
one. The buds separate from the parent to lead
a normal life. In sponges, the buds constrict
and detach from the parent body and the bud

develops inlo a new sponge (Fig. 1.7).

Aeprodection In gasisms 4
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Fig. 1.7 Budding in Lencosolenia {Sponge)

When buds are formed on the outer
surface of the parent body, it is known as
exogenous budding e.g. Hydra. In Hydra when
food is plenty, the ectoderm cells increase and
form a small elevation on the body surface
(Fig. 1.8). Ectoderm and endoderm are pushed
out to form the bud The bud contsins an
interior lumen in continnation with parent’s
gasiro-vascular cavity The bud enlarges,
develops a mouth and a circle of tentades at its
free end. When fully grown, the bud constricts
at the base and finally separates from the parent
body and lcads an independent life.

In Noctiluca, hundreds of bods are
formed inside the cytoplasm and many remain
within the body of the parent. This is called
endogenons budding. In freshwater sponges
and in some marine sponges 2 regular and
peculiar mode of asexual reproduction occurs
by internal buds called pemmules is seen
(Fig. 1.9). A completely grown gemmule is
a hard ball, consisting of an internal mass of
food-laden archacocytes. During unfavourable
conditions, the sponge disintegrates but the
gemmule can wilhstand adverse conditions.
When conditions become favourable, the
gemmules begin to hatch.

Fig. 1.9 Gemmaule in sponges

| ] Dl Fealepy Chasier | Bl lnssd 2
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Fig. 1.8 Budding in Hydra

in [ragmentation. the parent body
breaks into fragments (pieces) and each of the
fragment has the potential to develop into a new
individual Fragmentation or pedal laceration
ocours in many genera of sea anemones.: Lobes
are constriclted off from the pedal disc and cach
of the lobe grows mesenteries and tentacles to
form a new sea anemone.

In the tapeworm, Taenia solium, the gravid
(ripe) proglottids are the oldest at the posterior
end of the strobila (Fig. 1.10). The gravid
proglottids are regularly cut off cither singly or
in groups [rom the posterior end by a process
called apolysis. This is very significant since it
helps in transferring the developed embryos
from the primary host (man) to find a secondary
host {pig).

Fig. 1.10 Apolysis in Taenia solium

6 Reproducdon in Drpntss
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Fig. 1.11 Regeneration in Hydra

Regeneration is regrowth in the injured
region. Regeneration was first stndied in Hydra
by Abraham Trembley in 1740. Regeneration is
of two types, morphallaxis and epimorphosis.
In morphallaxis the whole body grows from a
small fragment eg. Hydra and Planaria. When
Hydra is accidentally cut into several pieces,
cach piece can regenerate the lost parts and
develop into a whole new individual (Fig. 1.11).
The parts usually retain their original polarity.
with oral ends, by developing tentacles
and aboral ends, by producing basal discs.
Epimorphosis (Fig. 1.12) is the replacement
of lost body parts. It is of two types, namely
reparalive and restorative regeneration. In
reparative regeneration, only certain damaged
tissue can be regenerated, g human beings
{liver tissue) whereas in restorative regencration
scvered body parts can develop. eg. star fish,
tail of wall Frard.

e

Fig. .12 Restorative regeneralion in siar fish

1.3. Sexual reproduction

Sexual reprodaction involves the fusion
of male and female gametes to form a diploid

Aprodection In igasisms— §
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zygole, which develops imto
o new organism. It keads 0
genetic variation. The types
of sexual reproduction seen
in animals are syngamy [s]
(fertilization ) and
conjugation. In syngamy, the fusion of wo
haploid gametes takes place to produce 2 diploid
rygote. Depending upon the place where the
fertilization takes place, it is of two types. In
external fertilization, the fusion of male and
female gametes takes place outside the body
of female organisms in the water medium. e.g.
sponges, fishes and amphibians. In internal
fertilization, the fusion of male and female
pametes takes place within the body of [emale
organisms. c.g. repliles, aves and mammals.

*  POWER OF
@ ~ REGENERATION
* Sponge when macerated

and squeezed through
fine silk cloth, the cluster of cells pass
through, and these can regenerate new
sponges. This technique is used for
cultivation of sponges.

Ditferent kinds of syngamy (fertilization)
are prevalent among living organisms.

a) Autogamy- The male and female

gametes are produced by the same cell or same

organism and both the gametes fuse together
to form a rygole. e.g. Adimospheerium and

Paramecium.

b} Exogamy- The male and female gametes
are produced by different parents and they fuse
to form a zygote. 5o it is biparental. e.g. Human
beings — disecious or onisexual animal.

c) Hologamy- Lower organisms, sometimes
the entire mature organisms do not form gametes
but they themselves behave as gametes and the
fusion of such mature individuals is known as
hologamy e.p. Trichomympha.

snasIn '-i-a-l-E:I'l I
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d) Pacdogamy- It is the sexual union
of young individuals produced immediately
after the division of the adult parent cell by
mitosis. e.g. Actinophrys.

¢) Merogamy- The fusion of small
sized and morphologically different gametes
{merogametes) takes place. e.g. Profozoa.

I} Isogamy- The fusion of
morphological and physiological identical
gametes (isogametes) is called isogamy. eg.
Monaocystis.

g) Anisogamy- The fusion of dissimilar
gamictes is called anisogamy (Gr. An-without:
iso-equal; gam-marriage). Anisogamy oocurs
in higher animals but it is customary to use
the term fertilization instcad of anisogamy
or syngamy. c.g. higher invertebrates and all
vertebrates.

Conjugation is the temporary union
of the two individuals of the same species.
Dwuring their union both individuals, called
the conjugants exchange certain amoum
of noclear material (DNA) and then get
mpml-r:d_ Conjugation i5 common among
ciliates, e.g. Paramecium, Vorlicells and
bacteria (Prokaryotes).

Phases of life cycle: Organisms have
three phases — Juvenile phase, reproductive
phase and senescent phase. Juvenile
phase/ vegetative phase is the period of
growth between the birth of the individual
upte reproductive  maturity. During
reproductive phase/ maturity phase the
organisms reproduce and their offsprings
reach maturity period. On the basis of time,
breeding animals are of two types: scasonal
breeders and continuous breeders. Scasonal
breeders reproduce at particular period of
the year such as frogs, lizards, most birds,
deers etc., Continaous breeders continoe to
breed throughout their sexual maturity e.g.
honey bees, poultry, rabbit etc., Senescent
phase begins at the end of reproductive phase
when degeneration sets in the structore and

functioning of the body.

| ] WDl Feslepy Chasiar | Bt lagd T

PARTHENOGENESIS
(Gr. Parthenos — virgin, Genesis-
produce)

Development of an egg into a complete
individual without fertilization is kmown as
parthenogenesis. It was frst discovered by
Charles Bonnet in 1745, Parthenogenesis is of
Iwo main types namely, Natural Parthenogenesis
and Artificial Parthenogenesis. In certain
animals, parthenogenesis occurs regularly,
constantly and naturally in their life cyce and
is known as natural parthenogenesis.

¥ MNalural
@ -~  parthenogenesis are of
o different types:

a} Arrhenotoly: In this type
only males are produced by parthenogenesis.
eg: Apis (honey bee).

b} Thelytoky: In this type only females are
produced by parthenogenesis.eg: Solenobia
c) Amphitoky: In this type parthenogenetic
cgg may develop into individuals of any sex.
Natural parthenogenesis may be of
two types, vir, complete and incomplete.
Complete parthenogenesis is the only form
of reproduction in certain animals and there is
no biparental sexual reproduction. There are
no male organisms and so, such individuals
are represented by females only. Incomplete
parthenogenesis is found in some animals
in which both sexpal reprodoction and
parthenogenesis occurs. eg. In honeybees;
fertilized eggs (zygotes) develop inlo queen
and workers, whereas unfertilized eggs
develop into drones (male). In paedopenetic
parthenogenesis (pacdogenesis) the larvae
produce a new generation of larvae by
parthenogenesis. It occurs in the sporocysts
and Redia larvar of liver fluke. It is also seen
in the larvae of some insects. e.g. Gall fly. In
artificial parthenogenesis, the unfertilizved
egg (ovum) is induced o develop into a
complete individual by physical or chemical

stimuli. e.g., Annelid and seaurchin eggs.

7 Repmodurdon in Drpntss
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Summary

Reproduction is a process by which the
living beings propagate or duplicate their
own kind.  Reprodection can be broadly
classified into asexual reproduction and
sexual reproduction. In asexual reproduction
fusion of gametes are not involved, but in
sexual reproduction the formation and
fusion of gametes occur. Different modes of
asexual reproduoction are fission, budding,
fragmentation and regeneration. Fission is
further divided into binary fission, multiple
fission, sporulation and strobilation.
According to the plane of fission different
kinds of binary fission have been identified
in different organisms. They are simple
irregular binary fission, transverse binary
fission, longitudinal binary fission and
oblique binary fission. Multiple fission is
the division of the parent into many small
danghter cells simultaneously. Budding is
another mode of asexual reproduction. The
parent body produces one or more buds; each
bod grows into 2 young one and may separate
from the parent to lead a normal life. When
many buds are formed on the outer surface of
the parent, it is known as exogenous budding.
Hundreds of buds are formed inside the
cyloplasm and remain within the body of
the parent, this process is called endogenous
budding. Fragmentation is another mode
of asexual reproduction. In fragmentation
the body of the parent breaks into fragments
{picces). Each fragment has the potential to
develop into a new individual. Regeneration
is the development of the whole body of an
organism from a small fragment. It is of two
types namely restorative regeneration and
reparative regeneration.

Various modes of sexual reproduction
is seen in animals. In syngamy the fusion of
two haploid gametes takes place o prodoce
a zygote. The following kinds of syngamy
is prevalent among the living organism.
They are autogamy, cxogamy, hologamy,
pacdogamy, merogamy, isogamy, anisogamy

Arprodection I gasisms @
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and conjugation. Parthenogenesis is the
special type of sexual reproduction seen
in animals. It is of two main types namely
natural parthenogenesis and  artificial

parthenogenesis.

Evaluation

I. In which type of
parthenogenesis  are
only males produced?
a) Arrhenotoky
b} Thebytoky
c) Amphitoky d) Bothaandb

2. The mode of sexuzl reprodoction in
bacteria is by
2} Formation of gametes
b} Endospore formation
¢) Conjugation
d} Zoospore formation

3. Inwhich mode of reproduction variations

are Seen
a) Ascxnal b} Parthenogenesis
) Scxual d) Bothaand b

4. Assertion and reasoning questions:

In each of the following questions there
are two statements. One is assertion {A)
and other is reasoning (R). Mark the

Correclt answer as

a. If both A and R are true and R is correct
explanation for A

b Ifboth A and R are true but R is not the
correct explanation for A

c. If A is true bot R is false

d. If both A and R are false.

I. Assertion:In bee society, all the
members are  diploid

except drones.
Reason: Drones are produced by
parthenogenesis.
a b C d

snasIn '-i-a-l-E:I'l I
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I1. Assertion: Offsprings produced by
asexual reproduction are genetically
identical to the parent.

Reason: Ascxuoal reproduction
involves only mitosis and no meiosis.

a b € d

. Name an organism where cell division is

itself a mode of reproduction.

Mame the phenomenon where the female
gamele directly develops inlo a new
organism with an avian example.

. What is parthenogenesis? Give two

examples from animals

. Which type of reproduction is effective -

Asexual or sexual and why?

| ] Sl Feslepy Chasier | Bt lndsd &
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4.

. The unicellolar organisms  which

reproduce by binary fission are considered

immuortal. Justify.

Why is the olfspring formed by asexual

reproduction referred as a done?

Give reasons for the following:

(2) Some organisms like honey bees are
called parthenogenetic animals

(b) A male honey bee has 16 chromosomes
where as its female has 32 chromosomies.

Ditferentiate between the following:

(a) External and Internal fertilization

(b) Regeneration in lizard and Planaria

How is juvenile phase different from

reproductive phase?

Explain the different kinds of syngamy in

living organisms.

9 Repodurdon in DT gntss
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UNIT - §

Human
Reproduction

In every child who is born, the potemtiality of
the kuman race is born aguin

fames Ager

very organ system in the huoman
body works continuously to maintain

hygiene homeostasis for the survival of the individual
2.5 Fertilization and implantation The human reproductive system is essential for
2.6 Maintcnance of pregonancy and the survival of the species. An individual may
embryonic development live & long healthy life without producing an
3 Parturitin s et oifspring, but reproduction is inevitable for the @
existence of a species.
A T EC The reproductive system has four
@ Learning Objectives meiin Functicns namely,
¥ Creates an awareness lowards a « to produce the gametes namely
healthy reproductive life in adolescents. sperms and ova
¥ Understands the striicture of the male « o transport and sustain these gametes
mdﬁﬁurpndwrbmgm » to nurture the developing offspring
F Eqihm!ﬁ!fllﬂﬂlﬂlﬁqf -y & mprn:lm::hulml:mti
with the mule and fermale d % The major reproductive events in human
reproductive sysiem. beings are as follows:
¥ Compares the process e » Gametlogenesis: Formation of gametes by
gww m =% spermatogencsis and cogenesis.
W' ) « Insemination: Transler of sperms by the
ol [hﬂm:dﬁrdlu@mn_fﬂmﬂeh]'y male into the female genital tract.
E_ ﬂ s + Fertilization: Fusion of male and
e Appyey rtf' = female gametes to form zygote, called
! 'I# Fertilization.
¥ Underslands the events in pregnancy G e
and foetal development » Cleavage: Rapid mitotic divisions of

the zygote which convert the single celled
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zygote into a multicellolar structure
called blastocyst

« Implantation: Attachment of blastocyst
tor the uterine wall.

» PMlacentation: Formation of placenta
which is the intimale connection between
foetus and uterine wall of the mother for
exchange of nutrients.

« Gastrulation: Process by which
blastocyst is changed into a gastrula with
three primary germ layers

« Organogenesis: Formation of specific
lissues, organs and organ systems from
three germ layers.

» Parturition: Expulsion of the foetns from
the mother’s womb.

These functions are carried out by the
primary and accessory reproductive organs.
The primary reproductive organs namely
the ovary and testis are responsible for
producing the ova and sperms respectively
Hormones secreted by the pitwitary gland and
the gonads help in the development of the
secondary sexual characteristics, maturation
of the reproductive system and regulation
of normal functioning of the reproductive
system. The accessory organs help in
transporl and to sustain the gametes and to
nurture the developing offspring.
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2.1 Human reproductive system

The male reproductive sysltem comprises
of a pair of testes, accessory ducts, glands and
external genitalia (Fig. 2.1).

Testes are the primary male sex organs.
They are a pair of ovoid bodies lying in the
scrotum (Fig.2.2 a). The scrotum is a sac of
skin that hangs outside the abdominal cavity.
Since viable sperms camnot be prodoced
at normal body temperature, the scrotum
is placed outside the abdominal cavity to
provide a temperature 2-3°C lower than the
mormal internal body temperature. Thus,
the scrotum acts as a thermoregulator for

spermalogenesis.

Each testis is covered by an oulermost
fibrous tumica alboginea and is divided
by septa into about 200 - 250 lobules cach
containing 2-4 highly coiled testicular
tubules or seminiferous tubules. These highly
convoluted tubules which form 80 percent of
the testicular substance are the sites for sperm
production.

The stratified epithelium of the seminiferous
tubule is made of two types of cells namely sertoli
cells or nurse cells and spermatogonic cells
or male germ cells. Sertoli cells are clongated
and pyramidal and provide mourishment to
the sperms till maturation. They also secrete
inhibin, 2 hormone which
is involved in the negative
feedback control of sperm

production. Spermatogonic
Ureter cells divide meiotically and
Rectum differentiate w0 produce
Seminal vesie  spermatozoa

Ejacuiatony duct
Prostate gland
Anus

Interstitial cells or
Leydig cells are embedded
in the soft conmective
gglll_:llqd:-urahral Lissl.fe_ surrounding  the

seminiferous tubules. These
cells are endocrine in nature
and ame characteristic
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CRYPTORCHE ' The failure of one or both testes to descend down into the scrotal sacs is

== ,___,.

known as crjrptun:hm {cryplo - hidden + orchis - testicle). It occurs in 1 - 3 percent of new
born males. A surgical correction at a young age can rectify the defect, else these individuals
may become stetile and are unable to produce viable sperms.

features of the testes of mammals. It secreles
androgens namely the testosterone hormone
which initiates the process of spermatogenesis.
Other immunologically competent cells are
also present
The accessory ducts associated
with the male reproductive system
inclede rete testis, vasa ciferentia,
epididymis and wvas deferens
(Fig. 2.2 b). The seminiferous
tobules of each lobule converge to
form a tubulus rectus that conveys
the sperms into the rete testis. The
rete teslis is a twbular network on
the posterior side of the testis. The
sperms leave the rete estis and enter
& the epididymis through the wasa
ciferentia. The epididymis is a single
highly coiled wmbe that temporarily
stores the spermatozoa and they
undergn  physiological maturation
and acquire increased motility and
fertiliring capacity. The epididymis
leads to the vas deferens and joins
the duct of the seminal veside o
form the cjaculatory duct which
passes through the prostate and
opens into the urcthra. The urcthra
is the terminal portion of the male
reprodductive system and is used 1o
convey both wrine and semen at
different times. It originates from the
urinary bladder and extends through
the penis by an exiernal opening
called urethral meatus,

The accessory glands of the
male reproductive system  include

| | 3 B Toplegy Crmesiar 2/ Ehilless 1T

bulbourcthral glands also called Cowper's

gland and a single prostate gland. The scminal
vesiches secrete an alkaline fuid called seminal

plasma containing fructose sugar, ascorbic acid,
prostaglandins and a coagulating enzyme called

Fig. 2.2 (b) Testis showing

inmer d
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vesiculase which enhances sperm motility. The
bulbourethral glands are inferior o the prostate
and their secretions also help in the lubrication of
the penis. The prostate encircles the urethra and
is just below the urinary bladder and secretes a
slightly acidic uid that contains citrate, several
enzymes and prostate specific antigens. Semen
or seminal fluid is a milky white fluid which
containsspermsand the seminal plasma (secreted
from the seminal vesicles, prostate gland and the
bulboorethal glands). The semninal fuid acts as a
transport medium, provides nutrients, contains
chemicals that protect and activate the sperms
and also facilitate their movement.

The penis is the male external genitslia
functioning as a copulatory organ. It is made
of a special tissue that helps in the erection of
penis to facilitate insemination. The enlarged
end of the penis called glans penis is covered
by a loose fold of skin called foreskin or
prepuce.

& The female reproductive system is far more
complex than the male because in addition
to gamete formation, it has o nortere the
developing foetus. The female meproductive
system consists of a pair of ovaries along with
a pair of oviducts, vlerus, cervix, vagina and
the external genitalia located in the pelvic

Utering
tube

Cvary

Uterus
Urinary
blagder
Urethra
Cittoris

Labhum
minra

Labium
majors

Fig. 2.3 (a) Female pelvis showing reproductive system

Hfuman Roproduction 14
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region (Fig. 2.3 a). These parts along with the
mammary glands are integrated strocturally and
functionally to support the process of ovulation,
Fertilization, pregnancy, child birth and child
care.

Owaries are the primary female sex organs
that produce the female gamete, ovam. The
ovaries are located one on each side of the lower
abdomen. The ovary is an elliptical structure
zbout 2-4 cm long. Each ovary is covered by a
thin cuboidal epitheliom called the germinal
epithelium which endloses the ovarian stroma.
The stroma s differentiated as the outer cortex and
inner medulla. Below the germinal epithelium is
& dense connective tissee, the tunica albuginea.

The cortex appears dense and granular due
to the presence of ovarian follicles in various
stages of development. The medulla is a
loose connective tissue with abundant blood
vessels, lymphatic vessels and nerve [bres.
The ovary remains attached to the pelvic
wall and the wierus by an ovarian ligament
called mesovarium.

The fallopian tubes (uterine twbes or
oviducts), uterus and vagina constitute the
female accessory organs (Fig. .3 b). Each
fallopian tube extends from the periphery of
cach ovary to the uterus. The proximal part
of the fallopian tube bears a funnel shaped

infundibulem. The edges of the
infundibulum have many finger
like projections called fimbriae
which help in collection of the

Fimora2  gyym after ovelation.
Cervlx
Racium
vagina * Female
™ ulerus
Anue - contains
one of the
strongest muscles of the

human body.
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Emmus
Sempeolln Falopian
Infundicuium

Fimorae

reproductive  structures
that lie external to the
vagina are called as the
external  genitalia or

vulva comprising of labia

Ceribr
CeErdcel oamal

vagina

majora, labia minora,
hymen and clitoris.

The Bartholin’s glands
(also  called  greater

Fig. 2.3 {(b) Diagrammalic view of female reproductive system vestibular  glands) are

The infundibulum leads to a2 wider central
portion called ampulla. The last part of the
oviduct is the isthmus which is short and
thick walled connecting the ampulla and
infundibulum to the uterus.

The wterus or womb is a hollow, thick-
walled, muscular, highly vascular and inverted
pear shaped structure lying in the pelvic cavity
between the urinary bladder and rectum. The
major portion of the uterus is the body and the
rounded region superior to it is the fonduos.
The wierus opens into the vagina through a
narrow cervix. The cavity of the cervix called
the cervical canal communicates with the
vagina through the external orifice and with
the uierus throngh the internal orifice. The
cervical canal along with vagina forms the
birth canal

The wall of the uterns has three layers of
tissues. The outermost thin membranous
serous  layer called the perimetrium,
the middle thick muscalar layer called
myometrimm and the inner glandular layer
called endometrium. The endometrium
undergoes  cyclic changes duoring the
menstrual cycle while myometrium exhibits
strong contractions during partorition.

Vagina is a large fibromuscular tube that
extends from the cervix to the exterior. It is
the female organ of copulation. The female

| | 3 B Toplegy Crmester 2/ Ehilless 12

located posterior to the
left and right of the opening of the vagina.
They secrete mucus Lo lubricate the vagina and
are homologous to the bulbourethral glands of
the male. The Skene’s glands are located on
the anterior wall of the vagina and around
the lower end of the urethra. They secrete a
lubricating fluid and are homologous o the
prostate gland of the males.

The external opening of the vagina is
partially closed by a thin ring of tissue called
the hymen. The hymen is often torn during
the first coitus (physical union). However
in some women il remains intact. It can be
stretched or torn due to a sudden fafl or jolt
and also during strenuous physical activities
such as cycling. horseback riding, etc., and
therefore cannot be considered as an indicator
of a womans virginity.

The mammary glands are modified sweat
glands present in both sexes. It is rudimentary
in the males and functional in the females. A
pair of mammary glands is located in the
thoracic region. It contains glandular tissue
and variable guantities of fat with a median
nipple surrounded by a pigmented area called
the arcola. Several sebaceous glands called
the arcolar glands are found on the surface
and they reduce cracking of the skin of the
nipple. Internally each mammary gland
consisis of 2-25 lobes, separated by fat and
connective tissues (Fig. 2.4). Each lobe is made

18 Herman Repinderion
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up of lobules which contain acini or alveoli
lined by epithelial cells. Cells of the alveoli
secrete milk. The alveoli open into mammary
tubules. The tubules of each lobe join to form
a mammary docl. Several mammary docts
join o form a wider mammary ampulla
which is connected to the lactiferous duct in
the nipple. Under the nipple, each lactiferous
duct expands to form the lactiferous sinus

which serves as a reservoir

= mao LN

2.2 Gametogencsis

Gametogenesis is the process of formation
of gametes ic. sperms and ovum from the
primary scx organs in all sexually reproducing
organisms. Meiosis plays the most significant
role in the process of gametogenesis (Fig.2.5).

Spermatogenesis

Spermatogenesis is the sequence of
events in the seminiferous tubules of the
testes that produce the male gametes, the
sperms. During development, the primordial
germ cells migrate into the testes and become
immature germ cells called sperm mother
cells or spermatogonia in the inner surfaces
of the seminiferous tubules (Fig. 2.6 a). The
spermatogonia begin o underge mitotic
division at puberty and continue throughout
life.

In the first stage of spermatogenesis, the
spermatogonia migrale among sertoli cells
towards the central lamen of the seminiferous
tubule and become modified and enlarged
to form primary spermatocytes which are
diploid with 23 pairs i.e., 46 chromosomes.

of milk. Each lactiferous Spermatogenesis Jogenesis

duct opens separately

by a minute pore on the SpEEgaNE —j ﬂ "JH.E;E' 2 ke

surface of the nipple. MHDAC civision l‘x f i WtoAC dvision
Normal development .

of the breast begins at EpaTEiacyiE E;' ' I DO

puberty and progresses m'}f’ \ / l Msiogls | compistes

with changes during Sapondarny — _ -y First price o ovulation

each menstrual cycle. In A w.gﬁl ug'l' ﬁ ® ﬂr Secondary coovle

uﬁ:&u-rledgnuulut WIHTIER, Weloeis "i{\‘i ;.‘5‘ PR

¢ glan siructure is Spamatid — oy (00 ) FRpOOUCIVE

largely underdeveloped WT ? ? TI e [

and the breast size is i Sﬁnﬂd of meiasiz 1

largely due to amount M"‘ ‘ I body b

of fat deposits. The size , ] ﬂ.--'

aof the breast docs not .!"" I.""I j 2% 1F

hawve an influence on the " '

efficiency of lactation. Fig. 2.5 Gametogenesis
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Some of the primary spermatocytes

undergo first meiotic division to form two
secondary spermatocyies which are haploid
with 23 chromosomes each. The secondary
spermatocytes  undergo  second meiotic
division 1o produce four haploid spermatids.
The spermatids are transformed into mature
spermatozoa (sperms) by the process
called spermiogenesis. Sperms are finally
released into the cavity of seminiferous
tubules by a process called spermiation.
The whole process of spermatogenesis
takes about 64 days. At any given lime,
different regions of the seminiferous tubules
conlain spermatocyles in differemt stages
of development (Fig. 2.6 b). The sperm
production remains nearly constant at a rate
of about 200 million sperms per day.

Spermatlogenesis starls at the age of
puberty and is initiated due to the increase
in the release of Gonadotropin Releasing
Hormone (GoRH) by the hypothalamus.
GnRH acts on the anterior pitoitary
gland and stimulates the secretion of two
gonadotropins namely Follicle Stimulating
Hormone (FSH) and Lutenizing Hormone
(LH). FS5H stimolates testicular growth
and enhances the production of Androgen
Binding Protein (ABP) by the sertoli
cells and bhelps in the process of
spermiogenesis. LH acts on the Leydig cells
and stimulates the synthesis of testosterone
which in turn stimuolates the process of
spermatogenesis.

| | 3 B Toplegy Crhmester 2/ Ehilless 1T
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Fig. 2.6 (b) Seminiferous
tubules (Enlarged)

Structure of human spermatozoan

The human sperm is a microscopic,
flagellated and motile gamete (Fig. 2.7).
The whole body of the sperm is enveloped
by plasma membrane and is composed of a
head. neck, middle piece and a tail. The head
comprises of two parts namely acrosome and
nucleus. Acrosome is a small cap like pointed
structure present at the tip of the necleus
and is formed mainly from the Golgi body
of the spermatid. It contains hyaluronidase,
a proteolytic enzyme, popularly known as
sperm lysin which helps to penetrate the
ovum during Fertilization. The nucleus is fat
and oval. The neck is very short and is present
between the head and the middle piece.
It contains the proximal centriole towards
the nucleus which plays a role in the first
division of the zygote and the distal centriole
gives rise to the axial filament of the sperm.
The middle piece possesses milochomdria
spirally twisted around the axial filament
called mitochondrial spiral or nebenkern.
It produces energy in the form of ATP
molecules for the movement of sperms. The

17 Herman Repinderion
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tail is the longest part F. -
of the sperm and is Ao
slender and tapering
It is formed of a
central axial filament
or axoneme and an
outer  protoplasmic
sheath. The lashing
movements of the
tail push the sperm
forward. The human
male ejaculates about
200 to 300 million
sperms during coitus.
It is estimated that
around &0 percent

of sperms must have
normal shape of which  Fig. 2.7 Structure of
at least 40 per cent human sperm
must show vigorous

muotility for normal fertility.

» The sperm Is the smallest
~human cell and the
- ovum or egg Is the larpest
human cell.

Oogenesis

Owogenesis is the process of development
ol the female gamete or ovum or egg in the
ovarics. During foctal development, certain
cells in the germinal epithelium of the foctal
ovary divide by mitosis and produce millions of
egg mother cells or cogonia. Mo more oogonia
are formed or added after birth. The oogonial
cells start dividing and enter into Prophase 1 of
meiotic division 1 o form the primary oocytes
which are temporarily arrested at this stage
The primary oocytes then get surrounded by
a single layer of granulosa cells o form the
primordial or primary follicles (Fig. 2.8 a).
A larpe number of follicles degenerate during the
period from birth to puberty, so at puberty only
&0,000 to 80,000 follides are left in each ovary.

Hfuman Roproduction 12
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i\ ¢ Out of the million epgs
. @ ~ Women possess during
=5

birth, only about 300 to
400 will ovulate before
MEnopause.

On the other hand, males produce more
than 500 billion sperms in their life time.

The primary follice geis sormounded
by many layers of granulosa cells and a new
theca layer to form the secondary follide. A
fluid filled space, the antrum develops in the
follicle and gets transformed into a tertiary
follicle. The theca layer gets organized into an
inner theca interna and an outer theca externa.
At this time, the primary oocyte within the
tertiary follicle grows in size and completes its
frrst meiotic division and forms the secondary
oocyte. It is an unequal division resulting in
the formation of a large haploid sccondary
oocyle and a first polar body. The first polar
body disintegrates. During Fertilization, the
secondary cocyte undergoes second  meiotic
division and produces a large cell, the ovom
and a second polar body. The second polar body
also degenerates. The tertiary follicle eventually
becomes & mature follicle or Graafian follicle.
if Fertilization does not 1ake place, second
meiotic division is never completed and the
cgg disintegrates. Al the end of gametogenesis
in females, cach primary oocyte gives rise to
only one haploid ovum.

Structure of ovum

Human ovum is non-cleidoic, alecithal

and microscopic in nature. (Fig. 2.8 (b)). Its

cytoplasm called ooplasm contains a large
nuclens called the germinal vesicle. The ovam
is surrounded by three coverings namely an
inner thin transparent vitelline membrane,
middle thick zona pellucida and outer thick
coat of follicular cells called corona radiata.
Between the vitelline membrane and zona

pellucida is a narrow perivitelline space.
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Fig. 2.8 (a) Sectional view of the ovary

2.3 Menstrual cyde

The menstraal or ovarian cycle occurs
approximately once in every 26729 days
during the reproductive life of the female from
menarche (puberty) to menopause except
during pregnancy. The cycle of evenis starting
[rom one menstrual period till the next one is
called the menstrual cycle during which cyclic
changes occurs in the endometrium every
month. Cyclic menstruation is an indicator of
normal reproductive phase (Fig. 2.9).
Menstrual cycle comprises of the following
phas

I. Menstrual phase

2. Follicular or proliferative phase
3. Owulatory phase

4. Luteal or secretory phase

1. Menstrual phase

The cycle starts with the menstrual phase
when menstrual flow occurs and lasts for 3-5
days. Menstrual flow is due to the breakdown of
endometrial lining of the wterus, and its blood
vesselsdue o decline in the level of progesterone
and oestrogen. Menstruation occurs only if the
released ovum is not fertilized. Absence of
menstruation may be an indicator of pregnancy.
However it could also be due to stress, hormonal
disorder and anaemia.

| | 3 e Toplegy Crmester 2/ Skl iess 18

Fig. 2.8 (b) Diagrammatic view of the
human ovam

2. Follicular or proliferative phase

The follicular phase extends from the 5*
day of the cycle until the time of ovulation.
During this phase, the primary follicle in the
ovary grows to become a fully mature Graafian
follick: and simumltaneously, the endometrinm
regenerates through proliferation. Thesechanges
in the ovary and the uterus are induced by the
secretion of gonadotropins like FSH and 1H,
which increase gradually during the follicalar
phase. It stimulates follicular development and
secretion of oestrogen by the follicle cells.

3. Ovulatory phase

Both LH and F5H attain peak level in
the middle of the cycle (about the 14% day).
Maximum secretion of LH during the mid
cycle called LH surge induces the rupture of
the Graahan follicle and the release of the ovum
(secondary oocyte) from the ovary wall into
the peritoncal cavity. This process is called

as ovulation.

4. Luteal or secretory phase

During luteal phase, the remaining part
of the Graahan follicle is transformed into
1 transitory endocrine gland called corpus
lutcum. The corpus luteum secretes large
amount of progesterone which is essential
for the maintenance of the endometrium.
If Fertilization takes place, it paves way for

18 Herman Repinderion
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Mhcrestroal phase Follicular phase Luteal phase
Fig. 2.9 Different phases of the menstroal cyde
the implantation of the fertilized ovum. The In the absence of Fertilization, the corpus

uterine wall secretes nutritious fluid in the luteum degenerates completely and leaves a scar
uterus for the foctus. So, this phase is also tissue called corpus albicans. 1t also initiates
called as secretory phase. During pregnancy the disintegration of the endometrium leading
all events of menstrual cycle stop and there is lo menstruation, marking the next cycle.

o menstreation.

PCOS is a complex endocrine system disorder that affects women in their reproductive
years. Polycystic means "many cysts. It refers to many partially formed follicles on the ovaries,
which contain an egg each. But they do not grow to maturity or produce eggs thal can be
levels, excessive facial or body hair growth (hirsutism}, acne, obesity, reduced fertility and
increased risk of dishetes. Treatment for PCOS includes a healthy lifestyle, weight loss and
targeted hormone therapy.

Hfuman Roproduction . |
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2.4 Menstrual disorders

Absence of menstruation is called
amenorthoea. If menarche docs  not
appear till the age of 18, it is called primary
amenorrhoea. Absence of menstruation for
over three consecutive months is secondary
amenorrhoca.

Polymenorrhoea is a term used fo
describe 2 menstrual cycle that is shorter than
21 days. it may be due to hyperactivity of the
anterior pituitary gland cansing frequent
ovulation, psychological disturbances and
malnutrition. Chronic pelvic inflammation by
certain sexually transmitted diseases (STD)
such as chlamydiasis or gonorrhoca can

cause inflammation in the oterus causing
polymenorrhoea.

Pain associated with menstruation is called
dysmenorrhoea. It is the most commonly
reported menstrual disorder. There are two types
of dysmenorrhoea viz primary and secondary
dysmenorrhoea.  Primary dysmenorrhoea is
pain or cramps during menstrual period and
is caused by secretions of prostaglandin in the
ulerus. Secondary dysmenorrhoea is cansed
by a disorder in the reproductive system like
endometriosis or uterine hbroids.

Heavy and prolonged menstrual period
that disrupls 2 womans normal activitics is
referred W as menorrhagia Menorrhagia
may be due to hormonal imbalance, ovarian
dysfunction, uterine fibroids and may also be
due to cancer of the ovary, uterus or cervix.

Oligomenorrhoea is a condition with
infrequent menstrual periods. It ocours in
women of childbearing age. Some variation
in menstroation is. normal, bul a woman
who regularly goes more than 35 days
withoul menstruating may be diagnosed with
oligomenorrhoea.

Menstrual hygiene

Menstrual hygiene is vilal for good

health, well-being, dignity, empowcrment
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and productivity of women. The impact of
poor mensirual hygiene on girs is increased
stress levels, fear and embarrassment during
menstruation. This can keep girls inactive
during such periods keading to absenteeism
from school

Clean and sale absorbable clothing
materials, sanitary napkins, pads, tampons
and menstreal cops have been identified
as malerials used to manage menstruation.
Changing sanitary material 4-5 hours as per
the requirement, provides comfort, cleanliness
and protection from infections. It also helps in
enhancing the quality of lite of women during
this perind. Used sanitary napkins should be
wrapped in paper and disposed. It should not
be thrown in open arcas or drain pipe of wilets.
Flushing of sanitary napkins in the drain pipes
causes choking of the drainage line leading to
water pollution.

Disposal of Napkins

being 1sken 1o install incinerators and
napkin vending machines in washrooms
of schools , colleges and public facilities.

Menopause

Mcnopanse i5 the phase in 2 women's
life when ovolation and menstruation stops.
The average age of menopause is 45-50 years.
It indicates the permanent cessation of the
primary functions of the ovaries.

2.5 Fertilization and implantation
Fertilization occurs when a haploid sperm
fuses with a haploid ovom o form a fertilived
egg or diploid rygote.
The sperms deposited in the female
reproductive tract undergo capacitation, which
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is a biochemical event that enables the sperm
o penetrale and fertilise the egg. Fertilization
occurs only if the ovum and sperms are
transported simultancously o the ampullary
isthmic junction of the fallopian tube.

Before a sperm can enter the egg.
it must penetralte the mauoltiple loyers of
granulosa (follicular) cells which are around
the ovum forming the corona radiata (Fig.
2.10). The follicular cells am held together
by an adhesive cementing substance called
hyaluronic acid. The acrosomal membrane
disintegrates releasing the protcolytic enzyme,
hyaluronidase during sperm entry through
the corona radiata and zona pellucida This is
called acrosomal reaction. Once Fertilization
is accomplished, cortical granules from the
cytoplasm of the ovum form a barrier called
the Fertilization membrane around the ovum
preventing further penetration of other sperms.
Thus polyspermy is prevented.

The first cleavage produces two identical
celis called blastomeres. These produce 4 cells,
then 8 and so on. After 72 hours of Fertilization,
a loose collection of cells forms a berry shaped

O L5
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cluster of 16 or more cells called the morula
(Fig. 2.11).

Under the infloence of progesierone,
smooth muscles of the fallopian tube relax
and the dividing embryo takes 4-5 days to
move through the fallopian tube into the
uterine cavity and finally gets implanted in
the uterine wall At this point the embryo
consisis of a [luid filled hollow ball of about
100 cells, called the blastocyst. The blastocyst
is composed of a single layer of large Matiened
cells called trophoblast and a small cluster
of 20-30 rounded cells called the inner cell
mass. The inner cell mass of the blastocyst
develops into the embryo and becomes
embedded in the endometrium of the uterus.
This process is called implantation and it
results in pregnancy:

If the fertilized ovum is implanted outside
the wterus it results in ectopic pregnancy.
About 95 percent of ectopic pregnancies
occur in the fallopian tube. The growth of
the embryo may cause internal bleeding,
infection and in some cases even death due to

rupture of the fallopian tube.

The nucleus and oiner

companants of the spam
erer ihe egg.

Caorllcal granules form a bamier
called ferifization membrans
Wwhich now functione 36 a biock

1o polyspermy.

s —— |
Breakdoem of ihe zona

palucida by these enzymae
giiows The Epanm 1o reach
tha plagma memzrans of the

237

This bindng nduces
FCIoE0mE feactkan in which the
BpErm releasee nyaluranidase
ila the 2on3 peileida.

oTrna Ep=rm migrates thng

ka2 coak of g calls an
1o tor malecuise in I:hE- z-:Hsa
pekuciia of the 2gg.

Fig. 2.10 Events of Fertilizatlion
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Fig. 2.11 From zypote to blastocyst : passape
of growing embryo through the
fallopian tube

Twins are two olfsprings produced in the

SRS [NEERADLY.

» Monoxygotic (Identical) twins are
pm-c!m:d when a Eing-'ﬁ: fertilized
egg splits into two during the first
look alike and share the same genes.

¥ Dizygotic (Fraternal) twins are

The twins may be of the same sex or
different sex and are non-identical.
% Siamese (United) twins are the

during birth.

2.6 Maintenance of pregnancy
and embryonic development

The inner cell mass in the blastula is
differentiated into epiblast and hypoblast
immediately after implantation. ‘The hypoblast
is the embryonic endoderm and the epiblast
is the ecioderm. The cells remaining in
between the epiblast and the endoderm form
the mesoderm. Thus the transformation of the
blastocyst into a gastrula with the primary germ
layers by the movement of the blastomeres is

called gastrulation. Each germ layer gives rise
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to specific tissues, organs and organ systems
during organogencsis.

The exira embryonic membranes namely
the amnion, yolk sac, allantois and chorion
protect theembryo fromdessication, mechanical
shock and  help in the absorption of nutrients
and exchange of gases (Fig. 2.12). The amnion
is a double layered translucent membrane flled
with the amniotic fluid. It provides a buoyant
environment to protect the developing embryo
from injury, regulates the temperature of the
foctus and provides 2 medium in which the
foetus can move. The yolk sac forms a part of
the gut and is the soarce of the eariest blood
cells and blood vessels.

Fig. 2.12 Human foctos within the olerus

The allantois forms a small out pocketing
of embryonic tissue at the caudal end of the yolk
sac. It is the structural base for the umbilical
cord that links the embryo to the placenta and
nltimately it becomes partof the urinary bladder.
The chorion is the outermost membrane which
encloses the embryo and all other membranes
and also helps in the formation of the placenta.

The trophoblast cells in the blastocyst
semd out several finger like projections called
chorionic villi carrying foctal blood and are
surrounded by sinuses that comtain maternal
blood. The chorionic villi and the uterine
tissucs form the disc-shaped placenta. Placenta
is 3 emporary endocrine organ formed during
pregnancy and it connects the foetus to the

Heman Reprodcton
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uterine wall through the umbilical cond. It is
the organ by which the nutritive, respiratory
and cxcretory functions are fulfilled The
embryos heart develops during the fourth week
of pregnancy and circulates blood through the
umbilical cord and placenta as well as through
ils own tissues,

The primary germ layers serve as the
primitive tissues from which all body organs
develop. The ectoderm gives rise to the central
nervous system  (brain and spinal cord),
peripheral pervous system, epidermis and
its derivatives and mammary glands. The
connective tissue, cartilage and bone, muscles,
organs of urinogenital system (kidney, ureter
and gonads) arise from the mesoderm. The
endodermal  derivatives are epithelium  of
gastrointestinal and respiratory tract, liver,
pancreas, thyroid and parathyroids.

Human pregnancy lasts for about 280
days or 40 weeks and is called the gestation
period. 1t can be divided for convenience into
three trimesters of three months each. The first
trimester is the main period of organogenesis,
the body organs namely the heart, limbs,
lungs, liver and external genital organs are well
developed. By the end of the second trimester,
the face is well formed with features, eyelids and
cyelashes, eyes blink, body is covered with fme
hair, muscle tissue develops and bones become
harder. The foetus is fully developed and is
ready for delivery by the end of nine months
{third trimester).

During pregnancy, the placenta acts as
a temporary endocrine gland and produces
large quantities of homan Chorionic
Gonadotropin  (hCG), homan Chorionic
Somatomammaotropin - (hCS) or huoman
Placental Laciogen (hPL), oesirogens and
progesterone which are essential for 2 normal
pregnancy. A hormone called relaxin is also
secreled during the later phase of pregnancy
which helps in relaxation of the pelvic ligaments
at the time of parturition. Itshould be noted that

Hfuman Roproduction 4
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hCG, hPL and relaxin are produced only during

pregnancy. In addition, during pregnancy the
level of other hormones like ocestrogen and

progesterone, cortisol, prolactin, thyroxine, etc.,
is increased several folds in the maternal blood.

These hormones are essential for supporiing
foetal growth.

; A  female wuterus 15
- Dormally about 3 Inches

2.7 Parturition and lactation

Partarition is the completion of pregnancy
and giving birth to the baby The series of
evenls that expels the infant from the wierus
is collectively called “labour” Throughout
pregnancy the wlerus undergoes periodic
episodes of weak and strong conlractions.
These contractions called Braxton-Hidk's
contractions lead w0 false labour As the
pregnancy progresses, increase in the oestrogen
conceniration promotes ulerine contractions.
These wterine contractions facilitate moulding
of the foetus and downward movemenl of
the foctus. The descent of the foelus causes
dilation of cervix of the uterus and vaginal
canal resulting in a newrohumoral reflex called
Foetal ejection reflex or Ferguson reflex. This
initiates the secretion of oxylocin from the
neurohypophysis which in turn brings about
the powerful contraction of the uterine muscles
and leads to the expulsion of the baby through
the birth canal This sequence of events is called
as parturition or childbirth.

Relaxin is @ hormone secreted by the
placenta and also found in the corpus hoteum.
It promotes parturition by relaxing the pebvic
joints and by dilatation of the cervix with
continoed powerful contractions. The amnion
roptures and the amniotic fluid fows out
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! | When normal vaginal delivery is not possible due to factors like position of
|.1'.|'E !:l:h]r and nature of the placenta, the baby is delivered through a surgical incision in the
womans abdomen and uterus. It is also termed as abdominal delivery or Caesarean Section or

"C Section.

through the vagina, followed by the foetus. The
placenta along with the remains of the umbilical
cord called “after birth™ is expelled out after
delivery.

Lactation is the production of milk by
mammary glands. The mammary glands show
changes during every menstrual cyde, during
pregnancy and lactation. Increased level of
oecstrogens, progesterone and homan Placental

Lactogen (hPL) towards the end of pregnancy
stimulate the hypothalamus towards prolactin
— releasing factors. The anterior pituitary
responds by secreting prolactin which plays a
major rode in lactogenesis.

Onytocin causes the “Let-Down™ reflex-
the actual ejection of milk from the alvweoli
of the mammary glands. During lactation,
oxytocin also stimuolates the recently emptied
uterus to contract, helping it to return to pre -
pregnancy size.

Colostrom

Colostrum, a  pulrienl  rich
immediately after giving birth, is loaded
factors. M acts as a matural antimicrobial
agent to actively stimulate the maturation
ol the infants immune system. No artificial
feed can substitute the first milk, with all
its natural benefits and therefore should be

definitely fied to the baby afier birth.

The mammary glands secrete a yellowish
fluid called colostrum during the initial
few days after parturition. It has less lactose
than milk and almost no fat, but it contains
more proteins, vitamin A and minerals.

Hfuman Roproduction 2%
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Colostrum is also rich in IgA antibodics. This
helps 1o protect the infant’s digestive tract
against bacterial infection. Breast milk is the
ideal food for infants as it contains all the
constituents in suitable concentration and is
casily digestible. It is fully sufficient till about
& months of age and all infants must be breast
fed by the mother to ensure the growth of a
healthy baby.

Summary

Reproduction is a process which helps in
the continuily and maintenance of a species.
Human beings are sexually reproducing and
viviparous. The reproductive events inclode
gametogenesis,  insemination,  Fertilization,
cleavage, implantation, placentation,
pastrulation, organogenesis and parturition.

The female reproductive system consists
of a pair of ovaries, a pair of ovidects, uterus,
cervix, vagina and external genitalia. The male
reproductive system consists of a pair of testes,
a pair of duct system, accessory glands and
external penitalia called penis.

The process of formation of gametes in
the male is called spermatogenesis and in the
female is called oogenesis. The reproductive
cycle in females is called menstrual cycle and
it is initiated at puberty. The ovam released
during the menstrual cyde is fertilized by the
sperm and the zygote is formed.

Zypote undergoes repeated mitotic division
and the blastocyst is implanted on the walls of
the uterus. It takes about 280 days or 40 weeks
for the entire development of the homan foetus
and it is defivered out through the process of
child birth or parturition. The new born baby is
breast fed by the mother.
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%{ World Breast feeding week (WBW)
d-.h August 1" week

WBW iz organlzed and promoted world wide by WABA (World Alllance for
Breast {eeding Action), WHO (World Health Organization) and UNICEF {(United
Nations International Children's Emergency Fund) to stress the imporiance of
breast feeding during the first six months of baby’s life and a supplemented breast
feeding for two years In order to encourage new mothers for the healthy growth
and development of their children, to guard them from lethal health problems and
diseases Including neonatal Jaundice, pneumonta, cholera, etc., The Government
of Tamil Nadu has also initfated various projects like Mother’s Milk Bank, Feeding
rooms In bus terminals and also organisizes awareness campalgns during the first
week of Aupust to highlight the importance of breast feeding Lo Infants.

Males are said to be sterile when they fail to produce viahle sperms.

2. Azoospermia refers to the failure of spermatogenesis.

3. Enlargement of prostate gland is called prostatitis and can lead to difficulty in urination.
4. Castration or surgical removal of testis is known as orchidectomy

5. Spermarche is the first cjaculation of the semen.

Arunachalam Muruganantham

lEASE.ET I.ll:l"h*] Inventor And Social Entrepreneur
Arunachalam Muruganantham is the man behind the world's first low cost sanitary napkin
making machine. His mission was to provide sanitary napkins at minimal cost to poor
women across the country, especially in rural areas. The journey began when he was shocked
by the fact that women in India including his wife often used things such as old rags, leaves
and even ash during menstruation. Approximately 70 percent of all reproductive discases
in India are caused by poor menstrual hygiene. 23 percent of girls drop out of schools ence
they attain puberty. He wished to make a social impact by creating more livelihoods and
improving the menstrual hygiene of roral women.

Arunachalam initiated his research in 1999 and almost after 5 years, successfully created
a low cost machine for the production of sanitary napkins. He presented his prototype
to 1T, Madras for a national innovation competition in 2006 and out of 943 entries, his
machine stood first. Arunachalam made 250 machines in 18 months and set out to states in
Morthern India namely Bihar, Madhya Pradesh, Rajasthan and Uttar Pradesh.

Arunachalam Muruganantham was named one of the Time Magazines 100 most
influential people in 2014. He was awarded the Padma Shri in 2016
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Evaluation

1. The mature sperms are
stored in the
a. Seminiferous tubules
b.Vas deferens
. Epididymis
d. Seminal vesicle

2. The malk sex hormone testosterone is
secreted from
a. Sertoli cells
c. Epididymis

b. Leydig cell
d. Prostate gland

3. The glandular accessory organ which
produces the largest proportion of semen
is
a. Seminal vesicle
b. Bulbourethral gland
. Prostate gland

d. Muocous gland

4. The malke homologue of the female ditoris is
a. Scrotum b. Penis
c. Urcthra d_Testis

5. The site of embryo implantation is the
b. Peritoneal cavity
c. Vagina d. Fallopian tube

6. The foetal membrane that forms the basis
of the umbilical cord is
a. Allantois
c. Chorion

a. Uterns

b. Amnion
d_ Yolk sac

7. The most important hormone in intiating
and maintaining lactation afier birth is
a. Oestrogen b. FSH
c. Prolactin d. Oxytocin
8. Mammalian egg is
a. Mesolecithal and non cleidoic
b. Microlecithal and non ceidoic
c. Alecithal and non ceidoic
d. Alecithal and cleidoic

9. The process which the sperm undergoes
before penetrating the ovom is

4. Spermiation
b. Cortical reaction

Hfuman Roproduction o
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C. SpeTmiogencsis
d. Capacitation

10. The milk secreted by the mammary glands
saon after child birth is called

a. Mucous b. Colostrum
c. Lactose d. Sacrose
11. Colostrum is rich in
plgE boigA
c.lgD digM
12. The Androgen Binding Protein (ABF) is
produced by
a. Leydig cells b. Hypothalamus
c. Sertoli cells d. Pituitary gland

I3. Find the wrongly matched pair

a. Bleeding phase - fall in oestrogen and
progestcrone

b. Follicular phase - rise in oestrogen

c. Luteal phase - ris¢ in FSH level

d. Ovulatory phase - LH surge

Answer the following type of questions

Assertion {A) and Reason (R)

a. A and R are true, R is the correct
explanation of A

b. A and R are true, R is not the correct
explanation of A

c. Aistroe, R is false

d. Both A and R are false

4. A-In human male, testes are extra
abdominal and lic in scrotal sacs.

R - Scrotum acts as thermoregulator and
keeps temperature lower by 2°C for
normal sperm production .

{a) A and R are true, R is the correct
explanation of A

15. A — Ovulation is the release of ovom from
the Graafian follicle.
R - It occurs during the follicular phase of
the menstrual cycle.
{c) A is true, R is false
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la.

17,

18.

19

20.

21.

22
23
14
25,
26.

27

23.
29

30.

A -Head of the sperm consists of
acrosome and mitochondria.

R - Acrosome contains spiral rows of
mitochondria.

(d) Both A and R are false

Painful menstroation is termed as

a. Dysmenorrhoca

b. Menorrhagia

¢. Amenorrthoea

d. Oligpmenorrhoea

Which one of the following menstrual

irregularities is correctly matched?

a. Menorrhagia - EXCCSsive
menstreation

b. Amenorrhoea - absence of
mensiruation

c. Dysmenorrhoea - irregularity of
menstreatiocn

d. Oligpmenorrhoea - painful

menstreation

Mention the differences between
spermiogencsis and spermatogenesis.
At what stage of development are the

gametes formed in new born male and
female?

Expand the acronyms

a FsH b.LH ¢ hCG d. hPL

How is polyspermy avoided in humans?
What is colostrum? Write its significance.
Placenta is an endocrine tissue. Justify.
Diraw a labeled sketch of a spermatozoan.

What is inhibin? State its functions.

. Mention the imporiance of the position of

the testes in humans.
What is the composition of semen?

Explain the process of fertilization and
implantation of the fertilized ovum.

Define gametogenesis.
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32

33.

35.

36.

a)

b)

c)

d)
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. Describe the structure of the human ovam

with a neat labelled diagram.

.Give a schematic mepresentation af

spermatogenesis and oogenesis in humans.
Explain the warions phases of the

menstrual cycle.

. Explain the role of oxytocin and relaxin in

parturition and lactation.

Identify the given image and label its parts
marked asa. b, cand d

II‘-. =
ﬂ.' L Il.l_i;-

y,

L
W

The following is the illustration of the
sequence of ovarian events (a-i) in a

human female.

[ H i

Identify the figure that illostrates ovulation

and mention the stage of oogenesis it
[Cpresents.

Mame the owarian hormone and the
pituitary hormone that have cansed the
ghove-mentioned events.

Explain the changes that occurs in the
uterus simultancously in anticipation.

Write the difference between C and H.

37. List the warious menstrual disorders.

o Heman Reprodcton
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ICTCORNER
HUMAN REPRODUCTION

Lﬂah:r’s Journey Lo the world.

Procedure:

Birth® activity page.

during thai particular stage.

below to know the weight of the offspring at that stage.

placed below.

o [ -

Step 1: Use the URL or scan the QR Code to launch the “Stages of Development before
Step 2: On the right of the window, Click *Video™ and view the development of embryo

Step 3 Click “Show Features™ to know the parts. Click "Heartbeat-Symbol™ to hear the
heartbeat of the embryo at that particular stage. Click “Weighing Machine™ placed

Step 4: Repeat the above steps with the different weeks by clicking the respective week 1abs

Strp 4 J

HUMAN REPRODUCTION URL:

http:/fwww_glencoe com/sites/common_assels/sclence/viriual_labs/
1.526/1.526 html

*Piclures are indicative only
* Allow flash player
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Health

3.1.  Need for eproductive health Problems

37, Infertility

Reproductive

Safe motherhond bepins before conceplion
with healthy (ifestyle amd proper mutrition.

Repmdm health represents a society with
people having physically and fanctionally
have healthier babics and are able to care for
their family, and contribute more to the society
and community. Hence, health is a community
issue. Reproductive system is a complex sysiem
controlled by the neuwro-endocrine  system,
hence, it is important to take necessary steps to
protect it from infectious diseases and injury.

3.1. Need for reproductive health-

Problems and strategies
India is amongst the first few countries
in the world o initiate the *Family planning

programme’ since 1951 and is periodically
assessed every decade. These programmes are

popularly named as ‘Reproduoctive and Child
Health Care (RCH). Major tasks carried out
ander these programmes are:

« Creating awarcness and providing medical
assistance to build a healthy society:

« Introducing sex education in schools 1o
provide information abouat adolescence and
adolescence related changes.

« Educating cooples and those in the
marriageable age groups about the
available birth control methods and
family planning norms.

e umm1 l



|| —T T

' @’._ Globally, about 300 women
- die every day of preventahle
causes related to pregnancy
| and childbirth; 20 per cemt of these
women are from India. Similarly India's
infant mortality rate was 44 per 1,000 live.
Although, India has witnessed dramatic
growth over the last two decades,
maternal mortality still remains high
as in comparison to many developing
nations.

suurce: hpusmcef n

« Creating awarcness about care for pregnant
women, post-natal care of mother and child
and the importance of breast feeding.

« Encouraging and supporting
governmental and non-governmental
agencies to identify new methods and/or
to improve upon the existing methods of
birth control.

Health care programmes such as
massive child immunization, supply of
nutritional food to the pregnant women,
Janani Suraksha Yojana, Janani Shishu
Suraksha Karyakaram, RMNCH+A
approach (an integrated approach for
reproductive, maternal, new born, child
and adolescent health), Pradhan Mantri
Surakshit Matritva Abhiyan, etc, are
taken wp at the national level by the
Government of India.

3.2. Amniocentesis and its

statutory ban

Due to small family norms and the skewed
choice for a male child, female population is
decreasing at an alarming rate. Amniocentesis
is a prenaial technigue used to detect amy
chromosomal abnormalities in the foetus and it
is being often misused to determine the sex of

| | 3 B Toplegy Cimesier TSk lnse TX

the foetas. Once the sex of the foetus is known,
there may be a chance of female foeticide. Hence,
a statutory ban on amniocentesis is imposed.

3.3. Social impact of sex ratio,
female foeticide and
infanticide

The sex ratio is the ratio of males to the
females in a population. In India, the child sex
ratio has decreased over the decade from 927
to 919 female for every 1000 males. To correct
this ratio, steps are needed to change the mind
sel and atiitudes of people, especially in the
young adults. Female foeticide and infanticide
is the manifestation of gender discrimination
N our society.

Female foeticide refers 1o “aborting the
female in the mother’s womb'; whereas female
infanticide is *killing the female child after her
birth. These have resulted in imbalance in sex
ratic. In UNDPs GI1 2018 (United nations
developmental programmes gender inequality
index) reflected that India was ranked at 135
out of 187 countries due to availability of
very few economic opporinnilies to women

as compared to men.

In order to prevent female foeticide
and infanticide, Government of India has
taken wvarious steps like PCPNDT Act
(Pre-Conception and Pre-MNatal Diagnostic
Technigue Act-1994) enacted to ban the
identification of sex and o prevent the
nse of prematal diagnostic technigues for
selective abortion. Various measures are
taken by the Government to ensure survival,
provision of better nutrition, education,
protection and cmpowerment of girls by
climinating the differences in the sex ratio,
infant mortality rate and improving their
nutritional and educational status. POCSO
Act (Prevention Of Children from Sexual
Offences), Sexnal harassment at workplace
(Prevention, prohibition and redressal) Act
and the changes in the Criminal law based

kx| leprodrie Healh
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on the recommendations of Justice Verma
Committee, 2013 aims al creating a safe and
secure environmeni for both females and

males.

3.4. Population explosion and

birth controd

Increased health facilities and better living
conditions have enhanced longevity. According
0 a recenl report from the UM, Indias
population has already reached 126 billion
and is expecled 1o become the largest country
in population size, surpassing China aroond
2023. To overcome the problem of population
explosion, birth control is the only available
solution. People should be motivated o have
smaller families by using various contraceptive
devices. Advertisecments by the Government
in the media as well as posters/bills, etc., with
a slogan Naam iruvar namakku innvar (we two,
ours two) and Naam iruvar mamakkn oruvar
{we two, ours one) have also motivated to control
population growth in Tamilnadu Statutory
rising of marriageable age of the female o 18
years and that of malesto 21 years and incentives
given to couples with small families are the other
measures taken o control population growth in
OUT Country.
Birth control methods

The woluntary wuse of contraceplive
procedures to prevent fertilization or prevent
implantation of a fertilized egg in the
uterus is termed as birth control. An ideal
contraceplive should be nser friendly, casily
available, with least side effects and should not
interfere with sexual drive. The contraceptive
methods are of two types — lemporary and
permanent. Natural, chemical, mechanical
and hormonal barrier methods are the
temporary birth control methods.

1. Natural method is used o prevent meeting
of sperm with ovum. ie, Rhythm method
(safe period), coitus interruptos, continnous
abstinence and lactational amenorthoea

REproscive Heslh M
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a. Periodic abstinence/rhythm method
Ovulation occurs al about the 14" day
of the menstrual cycle. Ovum survives
for about two days and sperm remains
alive for about 72 hours in the female
reproductive tract. Coitus is to be avoided
during this time.

b. Continuouns abstinence is the simplest
and most reliable way to avoid pregnancy
is not 1o have coitus for a defined period
that facilitates conception.

. Coitus inlerruptus is the oldest family
planning method. ‘The male partner
withdraws his penis before ejaculation,
thereby preventing deposition of semen
into the vagina.

d. Lactational amenorrhoca Menstrual
cycles resume as early as 6 to 8 weeks from
parturition. However, the reappearance
of normal ovarian cycles may be
delayed for six months during breast-
feeding. This delay in ovarian cycles is
called lactational amenorrhoea. It serves
as a natoral, but an wnreliable form of
birth control. Suckling by the baby during
breast-feeding stimulates the pitwitary
to secrete increased prolactin hormone
in order to increase milk production.
This high prolactin concentration in the
mothers blood may prevent menstrual
cycle by suppressing the release of GnRH
(Gonadotropin  Releasing Hormone)
from hypothalamus and gonadotropin
secretion from the pituitary.

2. Barriecr methods In these methods, the
ovum and sperm are prevented from meeting
50 that fertilization does not occur.

a. Chemical barrier Foaming tablets,
melting suppositories, jellies and creams
are used as chemical agents that inactivate
the sperms in the vagina.

b. Mechanical barrier Condoms are a
thin sheath wsed to cover the penis in
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male whereas in female it is used to cover
vagina and cervix just before coitus so as to
prevent the entry of ejaculated semen into
the female reproductive tract. This can
prevent conception. Condoms should be
discarded after a single use. Condom also
safeguards the user from STDs like AIDS.
Condoms are made of polyurethane, latex
and lambskin.

Diaphragms, cervical caps and vaults
are made of rubber and are inserted into
the female reproductive tract to cover the
cervix before coitus in order 1o prevent
the sperms from entering the uterus.

. Hormonal barrier

It prevents the ovaries from releasing the
ova and thickens the cervical ffuid which
keeps the sperm away from ovum.

Oral contraceptives — Pills are wsed
to prevent ovolation by inhibiting the
secretion of FSH and LH hormones. A
combined pill is the most commonly
used birth control pill It contains
synthetic progestcrone and  estrogen
hormones. Saheli, contraceptive pill
by Central Drug Research Institute
(CDRI} in Locknow, India contains
a non-steroidal preparation  called
Centchroman.

d. Intranterine Devices (1L s}

Intrauterine devices are imserted by
medical experts in the wterus through
the vagina. These devices are available as
copper releasing IUDs, hormone releasing
IUDs and non-medicated TUDs. TUDs
increase phagocytosis of sperm within the
uterus, IUDs are the ideal contraceptives
for females who want o delay pregnancy:
It is one of the popular methods of
contraception in India and has a sucoess
rate of 95 o 99%.

Copper releasing IUDs differ from each
other by the amount of copper. Copper
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IUDs such as Ca T-380 A, Nova T, Cua 7,
Cu T 380 Ag, Multiload 375, eic. release
free copper and copper salls into the
uterus and suppress sperm motility. They

can remain in the uterus for five to ten

years.
Hormone-releasing IUDs  such  as
Progestasert and LNG - 20 are often
called as intrauterine systems (IUS).
They increase the viscosity of the cervical
mucus and thereby prevent sperms from

entering the cervix

Mon-medicated IUDs are made of plastic
or stainless steel. Lippes loop is a doable
S-shaped plastic device.

3. Permanent birth control methods are
adopted by the individuals who do not want

to have any more children.

Surgical sierilisation methods are the
permanent contraception methods advised for
male and female partners to prevent any more
pregnancics. It blocks the transport of the
gameles and prevents conception. Tobectomy
is the surgical sterilisation in women. In this
procedure, a small portion of both fallopian
tubes are cut and tied up through a small
incision in the abdomen or through vagina.
This prevents fertilization as well as the entry
of the egg into the uterus. Vasectomy is the
surgical procedure for male sterilisation. In
this procedure, both vas deferens are cut and
tied through a small incision on the scrotum
to prevent the entry of sperm into the urethra.
Vasectomy prevents sperm from heading off
to penis as the discharge has no sperms in iL.

3.5. Medical Termination of
Pregnancy (MTP)

Medical method of abortion is a
voluntary or intentional termination of
pregnancy in a non-surgical or non-invasive
way. Harly medical termination is extremely
safe upto 12 weeks (the first trimester) of
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Approximately half of unintended pregnancies are due to contraceptive

lﬂASE ﬂ“ﬂ‘f] failure, largely owing to inconsistent or incorrect use of contraceptive
o methods. The effectiveness of long-acting reversible contraception
{intrauterine devices and contraceptive implants) is superior to that of contraceptive pills,
patch, or ring and is not altered in adolescents and young women. Educating young women
about the wsage of intrauterine devices and contraceptive implants would dramatically
reduce the number of unintended pregnancies among women secking family planning.

pregnancy and generally has no impact on a
women's fertility. Abortion during the second
trimester is more risky as the foetus becomes
intimalely associated with the maternal
lissue. Government of India legalized MTP
in 1971 for medical necessity and social
consequences with certain restrictions like sex
discrimination and illegal female focticides
lo avoid its misuse. MTF performed illegally
by unqualified quacks is unsafe and could be
fatal. MTP of the first conception may have
serious psychological consequences.

3.6. Sexually Transmitted

Diseases (STD)

Sexually  transmitied E :
diseases (STDY) OF Fum g
Vencreal diseases (VD) o
or  Reproductive  tract ['<2
infections (RTI) are called F~
as Sexually transmitted
infections (STT). Normally STI are transmitted
from person to person during intimate
sexpal comtact with an infecled partner

Infections like Hepatitis-B and HIV are
transmitted sexually as well as by sharing

According to World Health

* Organization (WHO), 2017

w -mrllununemﬂlhnpmplt

- globally acquires a sexually

transmitied infection every day. India has the

third largest HIV epidemic in the world, with
2.1 million people living with HIV.

of infusion needles, surgical instruments,
etc with infected people, blood transfusion
or from infected mother o baby. People in
the age of 15 to 24 years are prone to these
infections. The bacterial STT are gonorrhoea,
syphilis, ~chancroid, chlamydiasis and
lymphogranuloma venereum. The wiral
STI arc genital herpes, genital warts,
Hepatitis-B and AIDS. Trichomoniasis is a
protozoan ST1, and candidiasis is a fungal ST1.
STI cansed by bacteria, fungi and protornoa
or parasites, can be treated with antibiotics
or other medicines, whereas 5T1 caused by
virus cannot be treated but the symptoms
can be controlled by antiviral medications.
Latex condoms usage greatly reduces the risk,
but does not completely eliminate the risk of

transmission of ST1.

Prevention of STDs
4. Avoid sex with unknown partner/
multiple pariners.
b. Use condoms.

. In case of doubt, consult a doctor for
dizgnosis and get complete treatment.

.. TNHSP (Tamilnadu health
_systems project), a unil
of the Health and family
welfare department of the
Government of Tamilnadu
docs free screening for cervical and
breast cancer.
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Tahle 3.1. 5TD and their symptoms

MName of the
Disrass

Camsative apent

Sympiom

Bacterial 5T1

= mao LN

Y

Gonorrhoea

Netsserfa ponormioeas

Affecis the nrethra, reciem and throat

and in females the cervix also gel
affected.

PMain and pus discharge in the genital tract
and burning sensation during urination.

210 5 days

Primary slape
Formation of painless ubcer om the
external genitalia.

Secondary stage

Skin lestons, rashes, swollen podnis and
fever and hatr boss.

Tertiary stage
Appearance of chironic ubcers on nose,
Tower legs and palate. Loss of mowvement,
mentza] disorder, viswal impatrment, heard
problems, gunimas (soft non-cancerois
growihs) etic.,

10 to 90 days

Chiamydia trachommatis

Trachoma , affects the celts of the

colummnar epithelum in the urinegendtal
tract, respiratory tracl and comjunctiva

Lymphogranuloma

Culaneous or mucosal genital damage,
urithrits and endocervicitis.

Locally harmiul ulcerations and gendttal
elephantiasis.

2110 3 weeks
or uplo &

Viral 511

Herpes simplex virus

Sores In and around the vulva, vagina,
wrethra in female or sores on oF appund
the penls in make.

PFain during urination, beeding
between periods.

Swelling in the grodn nodes.

2-21 days
{average &
days)

Human papifloma
virus (HPV)

Hard oulgrowths {Tumouwr) on
the exiernal genitalla, cervix and

pertanal reglon

1-B months

Hepatitis B virus {(HBY)

Fatigue, jaundice, fever, rashes and
slomach pain.

Liwer cirrhosts and Hver fallure oocur in
the later stage.

30-80 days

immunodefciency
virus (HIV)

Enlarged lymph nodes, prolonged fever,
prolonged diarrhoea, welght redusction,
night sweating.

2 1o 6 weeks
£VEn more
than 10 years
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Candidiasis

Fungal 5T1
Attacks moath, throal, intestinal tract
and vagina

Yagimal Hching or soreness, abnormal
vaginal discharge and pain during
urinatiomn.

Protozoan ST1

Waginitis , preenish yellow vagimal
discharge, #ching and burning
Trichomomas vagimails sensation, urethritl sdidvimitis and 4-28 days

prostatitis

Incusbratiomn
period

Cervical cancer

Cervical cancer is caused by a sexually
transmitted virus called Human Papilloma
virus (HPV). HPV may cause abnormal
growth of cervical cells or cervical dysplasia.

The most common symptoms and signs of
cervical cancer are pelvic pain, increased vaginal
discharge and sbnormal vaginal bleeding. The
risk factors for cervical cancer include

I. Having multiple sexual partners
2. Prolonged use of contraceptive pills

Cervical cancer can be disgnosed by a
Papanicolaou smear {PAP smear} combined with
an HPV tesL. X-Ray, CT scan, MBI and a PET scan
may also be wsed to determine the stage of cancer:
The treatment options for cervical cancer include

Modern screening technigqoes can detect
precancerous changes in the cervix. Therefore
screening is recommended for women above
30 years once in a year. Cervical cancer can
be prevented with vaccination. Primary
prevention begins with HPV vaccination of
girls aged 9 — 13 years, before they become
sexually active. Modification in lifestyle can
also helpin preventing cervical cancer. Healthy
diet, avoiding tobacco usage, preventing carly
marriages, praclicing monogamy and regular
exercise minimize the risk of cervical cancer.

REproscive Heslh =
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3.7. Infertility

Inability to conceive or produce children
even after unprotected sexual cohabitation
is called infertility. That is, the inability of a
man o produce sufficient numbers or quality
of sperm to impregnate 2 woman or inability

of 2 woman to become pregnant or maintain
i pregnancy.

The causes for infertility are tumours
formed in the pituitary or reproductive organs,
inherited mutations of genes responsible for the
bipsynthesis of sex hormones. malformation
of the cervix or fallopian twbes and inadequate
nutrition before adulthood. Long-term stress
damages many aspects of health especially
the menstrual cycle. Ingestion of toxins
(heavy metal cadmium), heavy use of alcohal,
tobacco and marijuana, injurics o the gonads
and aging also cause infertility.

Other caoses of infertility
« Pelvic inflammatory disease (P1D), uterine
fibroids and endometriosis are the most

common causes of infertility in women.

« Low body fat or anorexia in women. Le. a
psvchiatric eating disorder characterised
by the fear of gaining weight

« Undescended testes and swollen veins
(varicocoele) in scrotum.
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« Tight clothing in men may raise the
temperature in the scrotum and affect
sperm production.

« Under developed ovaries or testes.

« Female may develop antibodies against
her partner's sperm.

« Males may develop an autoimmune
response Lo their own sperm.

All women are born with ovaries, but some

3.8. Assisted Reproductive

Technology (ART)

A collection of E
procedures, which  indudes
the handling of gametes and/ %2
or embryos outside the body AR
lo achieve pregnancy is known
as  Assisted Reproductive
Technology. 1t increases
the chance of pregnancy in infertile couples.
ART indodes intra-uterine insemination
{IUT} or Artficial insemination (Al), im witro
fertilization, (IVF) Embryo transfer (ET)
Fypote intra-fallopian transfer (ZIFT), Gamete
intrafallopian transfer (GIFT), Intra-cytoplasmic
sperm  imjection{ICSI),  Preimplantation
genetic diagnosis, oocyie and sperm donation
and surrogacy.

Intra-Uterine Insemination (1UT)/
Artificial insemination (Al)

This is a procedure to treal infertile men
with low sperm count. The semen is collected
gither from the husband or from a healthy
donor and is introduced into the uterus through
the vagina by a catheter after stimulating the
ovarics to produce more ova. The sperms swim
towards the fallopian tubes to fertilize the egg.
resulling in normal pregnancy.

In Vitro Fertilization (IVF) or
Test tube baby

In this technique. sperm and epgs
are allowed to unite outside the body in a
laboratory. One or more fertilized eggs may be
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transferred into the woman's uterus, where they
may implant in the uierine lining and develop.
Excess embryos may be cryopreserved (frozen)
for future use. Initially, IVF was used to treat
women with blocked, damaged, or absent
fallopian tubes. Today, IVF is used to treat
many causes of infertility. The basic steps in an
IVF treatment cycle are ovarian stimulation,
egg retrieval, fertilization, embryo culture, and
embryo transfer.

Fgg retricval is dome by minor
surgery under peneral anesthesia, uwsing
ultrasound guide after 34 o 37 hours of hCG
(human chorionic gonadotropin}  injection.
The eggs are prepared and  siripped
from the swrrounding cells. At the same
lime, sperm  preparation is done  osing
a special media. Afier preparing  the
sperms, the eggs are brooght together
10,000-1,00.000 motile sperms are needed for
cach egg. Then the zygote is allowed to divide to
form & celled blastomere and then transferred
into the wierus for a saccessful pregnancy.
The transfer of an embryo with more than
8 blastomeres stage into ulerus is called
Embryo transfer technique.

Cryopreservalion

F
: = {or freczing) of embryos
L o is often wsed when there

are more embryos than

needed for a single IVF
transfer. Embryo cryopreservation can
provide an additional opportunity for
pregnancy, through a Frozen embryo
transfer (FET), without undergoing
another ovarian stimulation and retrieval.

Zygote Intra-Fallopian Transfer (ZIFT)
As in IVF, the zygote upto 8 blastomere
stage is transferred to the fallopian tobe by

laparoscopy. The zygote continues ils natural
divisions and migrates towards the uterus
where it gets implanted.

E | leprodrie Healh
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Intra Uterine Transfer (IUT)
Embryo with more than 8 blastomeres
is inserted into oterus o complete its further

development.
Gamete Intra-Fallopian Transfer (GIFT)

Transfer of an ovum collected from a
donor into the fallopian tube. In this the eggs
are collected from the ovaries and placed
with the sperms in one of the fallopian tubes.
The zygote travels toward the uterus and gets
implanted in the inner lining of the uterus.

Intra-Cytoplasmic Sperm Injection (ICSI)

In this method only one sperm is injected
into the focal point of the egg to fertilize. The
sperm is carefully injected into the cytoplasm
of the egg. Fertilization occurs in 75 - 85%
of eggs injected with the sperms. The zygote
is allowed to divide to form an £ celled
blastomere and then transferred to the uterus
to develop a protective pregnancy.

Surrogacy

Surrogacy is 2@ method of assisied
reproduction or agreement whereby 2 woman
agrees o carry a pregnancy for another persom,
who will become the newborn child’s parent
after birth. Through i vitro fertilization (IVF),
embryos are created in a lab and are transferred
inte the surrogate mother's uterus.

Male infertility

Azoospermia is defined as the absence of
spermatoxoa in the cjaculate semen on atleast
two occasions and is observed approximately
in 1% of the population.
(TESE) Microsurgical sperm retrieval from the
testicle involves a small midline incision in the
scrotum, through which one or both testicles can
be seen. Under the microscope, the seminiferous
tubules are dilated and small amount of testicular
lissue in areas of active sperm prodoction are
removed and improved for sperm yield compared
to traditional biopsy technigues.

REproscive Heslh 0
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3.9, Detection of foetal disorders
during early pregnancy

Ultrasound scanning

Ultrasound has no known risks other
than mild discomfort due to pressure from
the transducer on the shdomen or vagina.
Mo radiation is used during this procedure.
Ultrasonography is usually performed in the
first trimester for dating, determination of
the number of foetuses, and for assessment

of early pregnancy complications.

There are several types of ultrasound
imaging techniques. As the most common
type. the 2-1} ultrasound provides a flat
picture of one aspect of the baby. The 3-D
image allows the health care provider to see
The latest technology is 4-1} ulirasound,
which allows the health care provider to
time with a three-dimensional image.

Amniocentesis

Amniocentesis involves taking a small
sample of the amniotic fAuid that sorrounds
the focius to diagnose for chromosomal

abnormalities (Fig. 3.1).




Amniocentesis is generally performed
in a pregnant woman between the 15™ and
20" weeks of pregnancy by inscrting a long,
thin needle through the abdomen into the
amniotic sac to withdraw a small sample of
amniotic fluid. The amniotic fluid contains

cells shed from the foetus.

Chorionic Villus Sampling (CVS)

CVS is a prenatal test that imvolves taking
a sample of the placental tissue to test for
chromosomal abnormalities.

Foetoscope

Foetoscope is osed to monitor the foetal
heart rate and other functions during late
pregnancy and labour. The average foetal heart
rate is between 120 and 160 beats per minute.
An abnormal foetal heart rate or pattern may
mean that the foetus is not geiting enough
oxygen and it indicates other problems.

BREAST SELF EXAMINATION AND

EARLY DAAGNOSIS OF CANCER

I. Breast is divided
into 4 quadrants
and the center
(Nipple) which is
the 5th quadrant.

2, Each quadrant of
the breast is felt
for lumps using
the palm of the opposite hand.

3. The examination is done in both lying
once after the 1st week of menstrual
cycle.

This way if there are lumps or amy deviation

of the nipple to one side or any blood

Mammibgrams are usually done for women
and women below 40 years, oltrasound of
the hreast aids in early diagnosis of breast

CaEncer.
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A hand-held doppler device is often used
during prenatal visits to count the foetal heart
rate. During labour, continuous electronic
foetal monitoring is often used.

« Vitamin E is known as anti-sterility
vitamin as it helps in the normal
functioning of reproductive structures.

+ Sex hormones were discovered by
Adolf Butenandt.

« 11" July is observed as World
Population Day.

+ [* December is observed as World
AIDS Day,

« MACO (National ATDS Control
Organisation) was established in 1992

« Syphilis and gonorrhoea are commonty
called as internalional discascs.

Summary

Reproductive health refers 1o 2 total well-
being in all aspects of reprodoction. Providing
medical facilities and care 1o the problems like
aspects, medical termination of pregnancy, ST1,
birth control, infertility, post natal child and
maternal management are the important aspect
of the Reproductive and Child Health Care
PrOgIAImImes.

An overall improvement in reproductive
health has taken place in our country as indicated
by reduced maternal and infant mortality rates,
assistance to infertile couples, etc. Improved health
facilities and betier fiving conditions promote an
explosive growth of population. Such a growth
necessitated intense propagation of contraceptive
methods. Various contraceptive oplions  ane
available now such as natural, traditional, barrier,
IUDs, pills. injectables, implants and surgical
methods. Though contraceptives are not regular

41 leprodrie Healh

e '_':Ia-i'l |



requirements for mproductive health, one is
adviced 0 use them o avoid pregnancy or o
delay or space pregnancy.

Diseases or infections transmitted through
coitus are called Sexually transmitted infections
{5T1s). Pebvic inflammatory diseases (PIDs), still
birth, infertility are some of the complications
of STDs. Early detection facilitates better cure of
multiple partners, use of condoms during coftus
are some of the simple precantions to avoid
contracting 5TTs.

Inahility i conceive or produce children even
after unprotecied sexual cohabitation is called
infertility. Various methods are now available o
help such couples. in vitro fertilization followed by
transfer of embryw into the female genital tract is

one such method. E }WE
Evaluation Eﬁ%_%!
DCs

1. Which of the following oR
is correct regarding Y.
HIV, hepatitis B, 1Bl

gonorrhoea and
trichomoniasis?
{a) Gonorrhoea is a STD whereas
others are not.
(b) Trichomoniasis is a viral disease
whereas others are bacterial.
{c) HIV is a pathogen whercas others
arc discases.
(d) Hepatitis B is eradicated completely
whereas others are not.

2. Which one of the following groups
includes sexually transmitted diseases
caused by bacteria only?

(a) Syphilis. gonorrhoea and candidiasis

(b} Syphilis, chlamydiasis and
monorrhoca

{c) Syphilis, gppnorrhoea and
trichomoniasis

(d} Syphilis. trichomoniasis and
pediculosis

3. Identify the correct statements from
the following

(a} Chlamydiasis is a viral discase.

(b} Gonorrhoeais caused by a spirochaete
bacterium, Treponema palladium.

{c} The incubation period for syphilis is
is 2 to 14 days in males and 7 to 21

days in females.
{d} Both syphilis and gonorrhoea are
casily cured with antibiotics.
4. A contraceptive pill prevents ovulation by
(a} blocking fallopian tube
(b} inhibiting release of FSH and LH
(c) stimulating release of FSH and LH

(d) causing immediate degeneration of

released ovum

5. The approach which does not give the
defined action of contraceptive is

{2} | Iarmonal Prevents eniry of sperms,
coniraceplive | prevent ovalalion and
[eriglizatinn
(b | Vasectomy Prevents spermatogenesis
{c} | Barrier Prevents feriilation
method
{d}| Intra wlerine Increases phagocyiosis of
dierice SPEMNS, SUPHESSES SPeTm
motility and Fertilizing capacity
of sperms

6. Read the given statements and select the
correct oplion.

Statement 1: Diaphragms, cervical caps
and vaults are made of rubber and are
inserted into the female reproductive

tract to cover the cervix before coitus.

Statement 2: They are chemical barriers
of conception and are rensable.
{a) Both statements | and 2 are correct

and statemenmt 2 is the correct
explanation of statement 1.

e '_':Ia-i'l |
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(b} Both statemenits | and 2 are correct
but statement ? is not the correct
explanation of statement 1.

{c) Statement 1 is correct bul statement
2 is incorrect.
(d) Both statements 1 and 2 are incorrect.

7. Maich column 1 with column 11 and select the
correct option from the codes given below:

Colomn 1 Colmmmn I1
A Copper rebeasing TUD | () LNC 20

i llormone releasing | il Lippes loop 1LY
(2 Moo medicaed IUD | (5i) Saheli
I Mini pills () Muliload. 375

(2} A-(iv), B-{ii), C-(i), D-{iii)
(b) A-{iv}, B-(i), C-(iai), D-(ii)
(c) A-(i), B-(iv).C-(ii}, D-(iii)
(d) A-(iv), B-(i), C-(ii),  D-{iii)

8. Select the incorrect action of hormomnal
contraceptive pifls from the following

(a) Imhibition of spermatogenesis.
(b} Inhibition of ovulation.

{c) Changes in cervical mucus impairing
its ability to allow passage and
transport of sperms.

{d) Alteration in olerine endometrium Lo
make it unsuitable for implantation.

9. Select the correct term from the bracket
and complete the given branching tree

Perlodic ab=linence
B
Collas Inlarr

(Barricrs, Lactational amenorthoea, CuT,
Tubectomy)

| | 3 B Toplegy Crmesier TSk lnse 4T

= B ||__

10 Correct the following statements

a) Transfer of an ovuem collected from
donor into the fallopian tube is called
FIFT.

b) Transfering of an embryo with more
than & blastomeres into wkerus is
called GIFT.

) Multiload 375 iz a hormone releasing
1T

11. Which method do you suggest the couple
to have a baby, if the male partner fails to
inseminate the female or due to very low
sperm count in the efacolate?

12. Expand the following

a) ZIFT b) ICS1
I3. What are the strategies to be

implemented in India to attain total
reproductive health?

14. Differentiate foelicide and infanticide.

15. Describe the major STDs and their
symploms.

l6. How are 5TDs transmitted?

17. Write the preventive measures of STDs.

18. The procedure of GIFT involves the
transfer of female gametes into the
[alfopain tube, can gameles be transferred
to the uterus o achieve the same resolt?
Explain.

19. Amniocentesis, the foetal 5CX
determination test, is banned in owr
counlry, Is it necessary? Commenl

20. Explain the various barrier methods to
control human population.

21. Open Book Assessment

‘Healthy reproduoction, legally checked
birth control measures and proper family

planning programmes are essential for

the survival of mankind® Justify.
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UNIT - 1
Principles of

inheritance and

Variation
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Dyrosopéhila are ideal for the shuly of genctics
il dirvel ot

enctics is a branch of biology that deals

with the study of heredity and variations. It
describes how characleristics and features pass
on from the parents to their offsprings in each
successive generation. The unit of heredity is
known as the gene. Gene is the inherited factor
that determines the biological character of an
organism. A variation is the degree by which
the progeny differs from their parents.

In this chapter, we are going to learn about
multiple allcles with reference to the human
blpod groups, sex determination in man, insects
and birds, sex linked inherited traits, genctic
disorders and extra chromosomal inheritance.
The betterment of human race can be achieved
by methods like cugenics, cuthenics and
cuphenics.

4.1 Multiple alleles

The genetic segregations in Mendelian
inheritance reveal that all genes have two
alternative forms — dominant and recessive
alleles e.g. tall versus dwarf (T and t). The
former is the normal allele or wild allele and
the latter the mutant allele. A gene can mutate
several times producing several alternative
forms. When three or more alleles of a gene
that control a particular trait occupy the same
locus on the homologous chromosome of an
organism, they are called multiple alleles and
their inheritance is called multiple allelism.
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4.2 Human Blood Groups

Multiple allelism occors in humans,
particularly in the inheritance of ditferent types
of blood groups. The blood group inheritance
in human can be understood by learning about
antigens and antibodies. The composition of
blood, different types of blood groups (ABO) the
blood antigens and antibodies were discussed
in chapter 7 of class XI.

4.2.1 ABO blood types

Multiple allele inheritance of ABO blood
Erpe

Blood differs chemically from person
to person. When two different incompatible
blood types are mixed, agglutination
{clumping together) of erythrocytes
(RBC) occurs. The basis of these chemical
differences is due to the presence of antigens
(surface antigens) on the membrane of
RBC and cpithelial cells. Karl Landsteiner
discovered two kinds of antigens called
antigen ‘A’ and antigen ‘B’ on the surface
of RECs of homan blood. Based on the
presence or absence of these antigens three
kinds of blood groups, type ‘A, type ‘B, and
type (¥ (universal donor)were recognized.
The fourth and the rarest blood group AR
(universal recipient) was discovered in 1902
by two of Landsteiner's studemts Von De
Castello and Sturli.

Bernstein in 1925 discovered that the
inheritance of different blood groups in
human beings is determined by a number
of multiple allelic series. The three
autosomal alleles located on chromosome 9
are concerned with the determination of
blood group in any person. The gene
controlling blood type has been labelled as
‘I7 {after the pname of the discoverer,
Landsteiner) or I (from iscagglutination).
The I gene exists in three allelic forms, 1%, 19
and 1 [* specifies A anmtigen. 1" allele

Principies of imheritance and Wablion 46
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determines B antigen and 1% allele specifies
no antigen. Individoals who possess these
antigens in their fluids such as the saliva
are called secretors.

I* allele produces M-acetyl galactose
transferase and «can add N-acetyl
galactosamine (NAG) and I* allele encodes
for the enzyme galactose transferase
that adds galactose tw the precursor
(i.e, H substances) In the case of %1% allele no
terminal transferase enzyme is prodoced and
therefore called “null” allele and hence cannot
add NAG or galactose to the precursor.

From the phenotypic combinations it is
evident that the alleles I* and 1® are dominant
to I, but co-dominant to each other {I*=1F).
Their dominance hierarchy can be given
as (I*=1%> I9). A child reccives one of three
alleles from each parent, giving rise to six
possible genotypes and four possible blood

types (phenotypes). The genotypes are I'*, I*
1% 1% 1* 1%, *1%and 1919

o Antigens  similar
~ to those found among
human hbeings have been
recognized in the blood
of other  organisms.
A-type antigens have been found in
Chimpanzees and in Gibbons, A, B and
AB antigen in Oranguians.
| = Mew world monkeys (Platyrrhina) and
Lemurs have a substance similar but
not identical with B antigen in humans.
i » Three blood groups haw been
distingnished in cals with a genetic
system similar 1o those in humans.

« The secretors (antigens found in the
body fuids) can be detected in tears,
saliva, urine, semen, gastric juice and
in the milk of animals.
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Tahle 4.1 Genetic basis of the human A BO
blood groups

=g Type A A Anti -B
i Type B B Anti -A
1= Type B B Anti-A
Neither
b Type AB | Aand B | Anbi-A

T
Anti-B
: Anti-A

Meither
If= 0

fpe Anorp |

anti- B
Rhesus or Rh Factor

The Rh factor or Rh antigen is found on
the surface of erythrocytes. It was discovered
in 1940 by Karl Landsteiner and Alexander
Wiener in the blood of rheses monkey,
Macaca rhesus and later in human beings.
The term *Bh factor’ refers o “immunogenic
[ antigen of the Rh blood group system”. An
individual having [} antigen are Bh I) positive
{Rh') and those without D antigen are Rh I
negative (Rh'). Rhesus factor in the blood
is inherited as a dominant trait. Maturally
occurring Anti I antibodies are absent in the
plasma of any normal individual. Howewver if
an Rh' {Rh negative) person is exposed to Rh*
(Rh positive) blood cells (erythrocytes) for
the first time, anti I antibodies are formed
in the blood of that individual. On the other
hand, when an Rh positive person receives Rh
negative blood no effect is seen.
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4.3 Genelic control of Rh factor

Fisher and Race hypothesis

Rh factor involves three different pairs of
alleles bocated on three different dosely linked
loci on the chromosome pair. This system 15
more commonly in use woday, and uses the 'Cde’
nomenclature.

Corc Corc
& &
Dord Dord
& &
Eore Eore
L4 ®

Fig. 4.1 Fischer and Race hypothesis

In the above Fig. 4.1, three pairs of Rh alleles
(Cc, Dd and Ee) occur at 3 different lod on
homologous chromosome pair. The possible
genotypes will be one C or ¢, one D or d, one

E or e from each chromosome. For eg. CDE/
ade; CdEfcDe; odefcde; CDe/CdAE etc., All
genotypes carrying a dominant ‘I¥ allele will
produce Rh positive phenotype and double
recessive genotype ‘dd’ will give rise o Rh
negative phenotype.

Wiener Hypothesis

Wiener proposed the existence of eight
alleles (R', B, R, B r, r', r", 17) at a single
kth locus. All genotypes carrying a dominant
'R allele’ (R, R? ,R* R*) will produce Rh
positive  phenotype and double recessive
genotypes (rr, r'r', r''r", o'rT) will give rise to
Rh negative phenotype.

4.3.1 Incompatibility of Rh Factor -
Erythroblastosis foetalis
Rh incompatability has great significance
in child birth. If a woman is Rh negative and
the man is Rh positive, the foetus may be
Bh positive having inherited the factor from
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its father The Rh negative mother becomes
sensitized by carrying Bh positive foetus within
her body. Due to damage of blood wvessels,
during child birth, the mothers immune
system recognizes the Rh antigens and gets
sensitized. The sensitized mother produces Rh
antibodies. The antibodies are 1gG type which
are small and can cross placenta and enter the
foetal circulation. By the time the mother gets
sensitized and produce anti *IY antibodies, the
child is delivered.

Usually no effects are associated with
exposure of the mother 1o Rh positive antigen
during the first child birth, sobsequent Rh
positive children carried by the same mother,
may be exposed to antibodies produced by
the mother against Rh antigen, which are
carried across the placenta into the foetal
blood circolation. This causes haemolysis of
foetal RBCs resulting in hacmolytic jaundice
and anaemia. This condition is known as
Erythoblastosis foctalis or Haemolytic
diseasec of the new born (HDN).

Prevention of Erythroblastosis foetalis

If the mother is Rh negative and foetus
is Rh positive, anti [ antibodies should be
administered to the mother at 28* and 34%
week of pestation as a prophylactic measure.
If the Rh negative mother delivers Rh
positive child then anti D antibodies should
be administered to the mother soon after
delivery. This develops passive immunity and
prevents the formation of anti [ antibodies in
the mothers blood by destroying the Rh foetal
REC before the mother's immune system is
sensitized. This has to be done whenever the

woman atiains pregnancy.

4.4 Sex Determination

Sex determination is the method by
which the distinction between male and
female is cstablished in a species. Sex
chromosomes determine the sex of the
individual in dioecious or wunisexual
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organisms. The chromosomes other than the
sex chromosomes of an individual are called
aulosomes. Sex chromosomes may be similar
(homomorphic) in one sex and dissimilar

(heteromorphic) in the other. Individoals

having homomorphic sex chromosomes
produce only one type of gametes
(homogametic} whereas heteromorphic
individuals produce two types of gametes
(heterogametic).

Y CHROMOSOME
The human Y chromosome |
o4 is only 60 Mb in size with |

60 functional genes wherneas |
X chromosomes are 165 Mb in size with
about 1,000 genes.

Chromosomal basis of sex
determination

Heterogametic Sex
Determination:

In heterogametic sex
determination one of the
sexes  produces  similar [EI
gametes and the other
sex produces dissimilar gametes. The sex of
the offspring is determined at the time of

fertilization.

Heterogametic Males

In this method of sex determination the
males are heterogametic producing dissimilar
gameles while females are homogametic
producing similar gametes. It is of two kinds
XX-XO type (c.g. Bugs, cockroaches and
grasshoppers) and XX-XY type (c.g. Human
beings and Drosophila).

Heterogametic Females

In this method of sex determination the
femalesareheterogametic producingdissimilar
gameles while males are homogametic
producing similar gametes. To awoid
confusion with the XX-X0O and XX-XY types
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of sex determination, the alphabets *Z" and “W”
are used here instead of X and Y respectively.
Helerogametic females are of two types,
FO-ZE type (eg. Moths, butterflies and
domestic chickens) and ZW-ZZ type
{eg. Gypsy moth, fishes, reptiles and birds).

Sex determination in human beings

Genes determining sex in human beings
are located on two sex chromosomes, called
allosomes. In mammals, sex delermination
is associated with chromosomal differences
between the two sexes, typically XX
females and XY males. 23 pairs of human
chromosomes include 22 pairs of autosomes
(#H4AA) and one pair of sex chromosomes
(XX or XY). Females are homogametic
producing only ome type of gamete (egg).
cach containing one X chromosome while
the males are heterogametic producing two
types of sperms with X and ¥ chromosomes.
An independently evolved XX: XY system of
sex chromosomes also exist in Drosophila
(Fig. 4.2).

Fig. 4.2 Sex determination in homan beings

The Y Chromosome and Male
Development

Current analysis of ¥ chromosomes has
revealed numerous genes and regions with
potential genetic function; some genes with
or without homologous counterparts are
seen on the X. Present at both ends of the
Y chromosome are the
pseudoautosomal regions {PARs)
that are similar with regions on the
¥ chromosome which synapse and recombine
during meiosis. The remaining 95% of the

| | Wi B Toplegy Crmoter 1 (S leas S0

Y chromosome is referred as the Nonm -
combining Region of the ¥ (NRY). The
NRY is divided equally into functional genes
(cuchromatic) and non functional genes
(heterochromatic). Within the euchromatin
regions, is & gene called Sex delermining
region Y (SRY). In humans, absence of
Y chromosome inevitably leads to female
development and this SRY genc is absent in
X chromosome. The gene product of SRY is
the testes determining factor (TDF) present
in the adult male testis.

4.4.1 Genic balance in Drosophila

Genic balance mechanisms of sex
determination in Drosophila was first studied
by C.B. Bridges. In Drosophila, the presence
of ¥ chromosome is essential for the fertility
of male sex, but does not determine the male
sex. The gene for femaleness is located on the
X chromosome and those for malencss are
located on the anlosomes. When geneticist
C.B. Bridges, working with Drosophila, crossed
a triploid (3n) female with a normal male, he
ohserved many combinations of autosomes
and sex chromosomes in the offspring. From
his results Bridges in 1921 sugpested that sex
in Drosoplila is determined by the balance
between the genes for femaleness located on
the X chromosomes and those for maleness
located on the astosomes. Hence the sex of
an individual is determined by the ratio of
its X chromosome to that of its autosome
sels. This ratio is termed sex imdex and
is expressed as:

Sex Index = I
Number of Sets of Autosomes | 4

Mumber of X Chromosomes 1]

Change in this ratio leads to a changed sex
phenotype. The results obtained from a cross
between triploid female Drosophila (3A:3X)
with a diploid male (2A- XY) is shown in
tables 4.2, and 4.3.
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Table: 4.2 Bridges classical cross of a triploid
(3A+XXX) female fly and a diploid (2A+XY)
male fly

Triploid ¥ Diploid &
Parent JA 4+ X 24+ XY

Gametes (24 + XX)(A+X) (A+X(A+Y)
(2A + XD (A + XX)

A+X FE
TALXN [3A + XXX (3A + XXY
Triptold Female  Triplotd Intersex
[3asxx laasxy
2A+X |Triptoid Intersex | Super Male
| 24 + XXX F2A 4+ XXY
A+XX | Super emale Dipliotd Female
24 + XX T S
A+X Diplold Female | Diplotd Male

« X-Chromosome was discovered by
Henking (1891)

= Y-Chromosome was discovered by
Stevens { 1902)

When the X : A ratio is 1.00 as in a normal
female, or greater than 1.00, the organism is a
female. When this ratio is 0.50 as in a normal
male or less than 0.50 the organism is a male.
At 0.67, the organism is an intersex. metamales

= mao LN

(X/A = 0.33) and metafemales (XfA=1.50) are
psually very weak and sterile.

A sex-switch gene in Drosophila directs
female development This gene, sex-lethal
(SxL) located on the X chromosome, has
two states of activity. When it is ‘'on’ it directs
female development and when it is off
maleness ensures. Other genes located on the
¥ chromosome and autosomes regulate this
sex-switch gene. However, the Y- chromosome
of Drosophila is required for male fertility.
Gynandromorphs

These individuals have parts of their
body expressing male characters and other
paris of the body expressing female characters.
The organism is made up of tissues of male
and female genotype and represents a mosaic
pattern.

4.4.2 Dosage compensation -
Barr body

In 1949, Barr and Bertram first observed a
condensed body in the nerve cells of female cat
which was absent in the mabe. This condensed
body was called sex chromatin by them and
was later referred as Barr body. In the XY
chromosomal system of sex determination,
males have only one X chromosome, whereas
females have two. A question arises: how

Table: 4.3 Different doses of X chromosomes and aulosome sets and
Lheir cffect on sex delermination in Dresophila

Mela female § Super emale 3 2 ¥ = 15
Tetrapboiad 4 1 dd = 10
ormal
Triplokd 3 3 ¥3I = 10
Femake S e e L o
Diploid 2 1 2 = 10
Haplod 1 1 T = 10
Inter sex 2 3 3 = D&7
Tormal male 1 2 E& = 050
Mela male / Super male 1 3 13 = 033
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does the organism compensate for this dosage
differences between the sexes? In mammals the
necessary dosage compensation is accomplished
by the inactivation of one of the X chromosome
in females so that both males and females have
only one functional X chromosome per cell.

Mary Lyon suggested that Barr bodies
represented an inactive chromosome, which
in females becomes tightly coiled into a
heterochromatin, a condensed and visible form
of chromatin (Lyon's hypothesis). The number
of Barr bodies ohserved in cell was one less than
the number of X-Chromosome. XO females
have no Barr body, whereas XXY males have
one Barr body.

s  The number of Barr bodies follows
M-1 rule (N minus one rule), where N
is the total number of X chromosomes

le‘

Haplodiploidy in Honeybees
In hymenopteran  insects sach  as
honeybees, ants and wasps a mechanism of sex
determination called haplodiploidy mechanism
of sex determination is common. In this
system. the sex of the offspring is determined
by the number of sets of chromosomes it
receives. Ferlilired eggs dewvelop into females
(Queen or Worker) and unfertilized eggs
develop into males (drones) by parthenogenesis.
It means that the males have half the nomber of
chromosomes (haploid) and the females have
double the number (diploid), hence the name
haplodiplody for thissystem of sex determination
This mode of sex determination facilitates
the evolution of sociality in which only one
diploid female becomes a queen and lays the
eggs for the colony. All other females which are
diploid having developed from fertilized epggs
help to raise the queen’s eggs and so contribute
o the queens reproductive swocess and
indirectly to their own, a phenomenon known
as Kin Selection. The queen constructs their
social environment by releasing a hormone that

suppresses fertility of the workers.
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4.5 Sex Linked Inheritance

The inheritance of a trait that is
determined by a gene located on one of the sex
chromoesomes is called sex linked inheritance.
Genes present on the differential region of
X or ¥ chromosomes are called sex linked
penes. The genes present in the ditferential
region of X chromosome are called
X linked genes. The X-linked genes have no
corresponding alleles in the ¥ chromosome.
The genes present in the differential region
of Y chromosome are called Y- linked or
holandric genes. The Y linked genes have no
corresponding allele in X chromosome. The
Y linked pgenes inherit along with
Y chromosome and they phenotypically express
only in the male sex. Sex linked inherited
lrails are more common in males than females
because, males are hemizygous and therefore
express the trait when they inherit one mutant
allele. The X - linked and Y - linked genes
in the differential region (non-homologus
region} do not undergo pairing or crossing
over during meiosis. The inheritance of X or
Y linked genes is called sex-linked inheritance.
4.5.1 Inheritance of X - linked genes

Red-green colour blindness or daltonism,
haemophilia and Duchenne'’s muscular dystrophy
are examples of X-linked gene inheritance in
hmans.
I. Haemophilia

Haemophilia is commonly known as
bleeder’s disease, which is more common in
men than women. This hereditary disease
was first reported by John Cotto in 1803.
Haemophilia is caused by a recessive X-linked
gene. A person with a recessive gene for
haemophilia lacks a normal clotling substance
(thromboplastin}) in blood, hence minor
injurics cause continuous bleeding, leading to
death. The females are carriers of the discase
and would transmit the disease to 50% of
their sons even if the male parent is normal.
Haemophilia follows the characteristic
criss - cross patlern of inheritance.
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1. Coloor blindness

In human beings a dominant X - linked
gene is nocessary for the formation of colour
sensitive cells, the cones. The recessive form
of this gene is incapable of producing colour
sensitive cone cclle. Homozygous recessive
[emales {XX°) and hemizygous recessive males
(XY} are unable to distingnish red and green
colour. The inheritance of colour hlindness
can be studied in the following two types of

MArraees.

(i} Marriage between coloor blind man

and normal visioned woman

A marriage between a colour blind man
and a normal visioned woman will produce
normal visioned male and female individuals
in F, peneration but the females are carriers.
The marriage between a F, normal visioned
carrier woman and a normal visioned male
will produce one normal visioned female,
one carrier female, one normal visioned male
and one colour blind male in F2 generation.
Colour blind trait is inherited from the
male parent to his grandson through carrier
daughter, which is an example of criss-cross
pattern of inheritance (Fig. 4.3).

o x -
Farent nommal fem

Colour bind maks

Pamed but carier Peomal mei=
Temal=
KoK x i
Gamelse L‘:;s;-':. (¥=) f:.-” (y- "
T
F2 XK ) o K-

mal Marmal  Moimnal DUt Codour bilnd
famale male camler famale malz

3 Mormad wielon ;1 camer colour bind
Fig. 4.3 Marriage between colowr blind man
and normal visioned woman
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ii) Marriage between normal visioned man
and colowr blind woman

If a coloor blind woman E
(X°X") marries a normal
visioned male (X'Y), all Y&
F, sons will be colourblind &)
and daoghters will be JE"'
normal visioned but are -

CArTeTs.

Marriage between F, carrier female with a
colour blind make will produce normal visioned
carrier daughter, colourblind daughter, normal
visioned son and a colourblind son in the
F, gencration (Fig. 4.4).

s X Y
Parent . Colour bnd Temeie Namsal ral=
o T g W e
Gametms (X)X W LF)

] X o
Mormei et canfer Colcurbdind male
el -
e
'—'t ."_". .'-- i F;
EEmei=g rE{:, LX) pxe] £ T—_”I
2 - X e b ok o
Momal Bk Micrmal Colourning Coiownind
carier famals mak= T raks

Fig. 4.4 Marriage between normal visioned
man and colour blind woman

4.5.2 Inheritance of Y- linked penes
Genes in the non-homologous region
of the Y-chromosome are inherited directly
from male to male. In humans, the Y-linked
or holandric genes for  hypertrichosis
(excessive development of hairs on pinna
of the ear) are transmitted directly from
father to son, because males inherit the Y
chromosome from the father. Female inherits
only X chromosome from the father and are

not affected.
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4.6 Karyotyping
Karyotyping is a technique through which
a complete set of chromosomes is separated
from a cell and the chromosomes are arranged
in pairs. An idiogram refers to a diagrammatic
representation of chromosomes.
Preparation of Karyotype
Tjio and Levan (1960} described a simple
method of culturing lymphocytes from the human
blood. Mitosis is induced followed by addition
of colchicine to arrest cell division at metaphase
siape and the suilable spread of metaphase
chromosomes is photographed. The individual
are arranged in an orderly fashion in homologous
pairs. This arrengement is called a karyotype.
Chromosome  banding permits  structural
definitions and differentiation of chromosomes.
Applications of Karyotyping
« It helps in gender identification.
= It is used o detect the chromosomal
aberrations  like deletion, duplication,
transkocation, nondisjunction of
chromosomes.
« It helps to identify the abnormalities of
chromosomes like aneuploidy.
« Itisalso used in predicting the evolutionary
« (ienetic diseases in human beings can be
detected by this technigue.
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Human Karyotype

Depending upon the position of the
centromere and  relative length of two arms,
human chromosomes are of three types:
Metacentric, sub metacentric and acrocentric.
The photograph of chromosomes are arranged
in the order of descending length in groups
from A to G (Fig. 4.5).
4.7 Pedigree Analysis

Pedigree is a “family tree”, drawn with
standard genetic symbols, showing the
inheritance pathway for specific phenotypic
characters.(Fig- 4.6). Pedigree analysis is the
study of traits as they have appeared in a given
family linc for several past generations.
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Fig. 4.6 Symbaols commonly used in pedigree charis

Genetic Disorders

A penetic disorder is a disease or syndrome
that is cansed by an abnormality in an individual
DMNA. Abnormalities can range from a small
mutation in a single gene to the addition or
subtraction of an entire chromosome or even
a set of chromosomes. Genetic disorders are
of two types namely, Mendelian disorders and
chromosomal disorders.
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1.8 Mendelian disorders

Alteration or mulation in a single gene
causes Mendclian disorders. These disorders
are transmitted 1o the offsprings on the same
line as the Mendelian pattern of inheritance.
Some examples for Mendelian disorders are
Thalassemia, albinism, phenylketonuria, sickle
cell anaemia, Hontington's chorea, etc., These
disorders may be dominant or recessive and
autosomal or sex linked.

Thalassemia

Thalassemia is an autosomal recessive
disorder. It is cansed by gene mutation resulting
in excessive destruction of RBCs due to the
formation of abnormal haemoglobin molecules.
MNormally harmoglobin is composed of four
polypeptide chains, two alpha and two beta
globin chains. Thalassemia patients have defects
in either the alpha or beta globin chain cansing
the production of sbnormal haemoglobin
molecoles resulling in anaemia

Thalassemia is classibed into alpha and beta
based on which chain of heemoglobin molecale
is affected. It is controlled by two dosely linked
genes HBAL and HBA2 on chromosome 16
Mutation or deletion of one or more of the four
alpha gene afleles causes Alpha Thalassemia
In Beta Thalassemia, production of beta globin
chain is affected. It is controlled by a single
gene (HEB) on chromosome 11. 1t is the most
common type of Thalassemia and is also known
as Cooley’s anaemia In this disorder the alpha
chain production is increased and damages the

membranes of BBC.

Phenylketonuria

It 5 an imbom error of Phenylalanine
metabolism caused due 1o a pair of antosomal
recessive genes. M is caused doe to mutation
in the gene PAH (phenylalanine hydmuylase
gene) bocated on chromosome 12 for the hepatic
enzyme “phenylalanine hydmoopase” This enzyme
is essential for the conwersion of phenylalanine 1o
tyrosine. Affected individual lacks this enzyme,

Principies of imheritance and Wabilion B4

| | 3 B Toplegy Crmeoter 3 (S leas 32

s0 phenylalanine acoumulates and gets converted
o phemylpyruvic acid and other derivatives. It is
characterized by severe mental retardation, light
pigmentation of skin and hair. Phenylpyruvic acid
is excreted in the urine.
phenylalanine

Phenylalanine hydroxylase  perine
Albinism

Albinism is an inborm error of metabolism,
caused doe W an autosomal recessive gene.
Melanin pigment is responsible for skin colour.
Absence of melanin results in a condition called
albinism. A person with the rocessive allele
lacks the tyrosinase enzyme system, which is
required for the conversion of dilydroxyphenyl
alanine ([MOPA) into melanin pigment nside
the melanocytes. In an albino, melanocytes are
present in normal numbers in their skin, hair,
iris, etc., , but lack melanin pigment

3, 4 dilydroxy o
phenylalanine  —

(MOPA)

Melanin

Huntington's chorea

It is inherited as an autosomal dominant
lethal gene in man. It is characterired by
imvoluntary jerking of the body and progressive
degeneration of the nervous  sysiem,
accompanied by gradual mental and physical
deterioration. The patients with this discase
nsually dic between the age of 35 and 40.

4.9 Chromosomal Abnormalities
Fach human diploid (2n) body cell has
46 chromosomes (23 pairs). Chromosomal
disorders are caused by errors in the number
or structure of chromosomes. Chromosomal
anomalies uwsually occur when there is an
errar in cell division. Failure of chromatids
to segregate during cell division resulting in
the gain or loss of one or more chromosomes
is called ancuploidy. It is caused by non-
disjunction of chromosomes. Group of
signs and symptoms that occar together and
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characterize a particular abnormality is called
a syndrome. In humans, Downs syndrome,
Turner's syndrome, Klinefelter's syndrome,
Pataus syndrome are some of the examples of
chromosomal disorders.

a. Aatosomal aneuploidy in haman
beings
Several autosomal anvuploidies have been
reported in human beings. eg. Down's syndrome
{21-Trisomy), Patau’s syndrome ( 13- Trisomy).

1. Down's Syndrome/ Trisonyy — 21

Trisomic condition of chromosome - 21
results in Downs syndrome. It is characterized by
severe mental relardation, defective development
of the central nervous system, increased separation
between theeyes, flattened nose, ears are malformed,
maouth is constantly open and the tongue protrudes.

2. Patau’s Syndrome/Trisomy-13

Trisomic condilion of chromosome 13
results in Palans syndrome. Meiotic non
disjunction is thought to be the cause for this
chromosomal shnormality. It is characterized
by multiple and severe body malformations as
well as profound mental deficiency: Small head
with small eyes, cleft palaie, maliormation of
the brain and internal organs are some of the
sympioms of this syndrome.

b. Allosomal abnormalities in haman
beings
Mitotic or meiotic non-disjunciion of sex
chromosomes causes allosomal abnormalities.
Several sex chromosomal abnormalities hawve
been detected. Eg Klinefelers syndrome and

Turner’s syndrome.

1. Klinefelter's Syndrome (XXY Males)

This genetic disorder s due to the presence
ol an additional copy of the X chromosome
resulting in a karyolype of 47.XXY. Persons
with this syndrome have 47 chromosomes
(44AA+XXY). They are usually sterile males,
tall, obese, with long limbs, high pitched voice,
under developed genitalia and have fechle breast
{gynaccomastia) development
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2. Tarner's Syndrome (X0 Females)

This genetic disorder is due to the loss
of a X chromosome resulting in a karyotype
of 453 Persons with this syndrome hawve
45 chromosomes (44 aviosomes and one X
chromosome) (44AA4+X0) and arc sterile
females. Low stature, webbed neck, under
developed breast, rudimentary ponads lack of
menstrual cycde during puberty, are the main
symploms of this syndrome.

4.10 Extra chromosomal /
Cytoplasmic inheritance

pattern of inheritance. The inheritance of the
extra chromosomal penes are found to exhibit
maternal infloence. Maternal effect is due to the
asymmetric contribution of the female parent
to the development of zygote. Although both
make and female parents contribute equally to
the zygote in terms of chromosomal genes, the
female parent usually contributes the zygotes
initial cytoplasm and organelles, since the
sperms contain very litthe cytoplasm. If there are
hereditary units in the cytoplasm, these will be
transmitted to the offsprings through the egg, so
the offsprings exhibit maternal effect.

The cyloplasmic extranuclear pgenes
have a characteristic pattern of inheritance
which do not resemble the genes of nuclear
chromosomes and is known as exirs
chromosomal or extra nuclear or cytoplasmic
inheritance and exhibit maternal influence.
In extra nuclear inheritance, male and female
parenis contribute equally their nuclear
genes to the progeny but do not make equal
contribution of extra chromosomal pgenes
hence, the crosses can yield different (or) non
Mendelian results. Cytoplasmic inheritance
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in animals can be stndied with reference to
shell coiling in Limmnaea and kappa particles in
Paramecium.
4.11 Eugenics, Euphenics And
Euthenics

Eugenics

Application of the laws of genctics for
the improvement of human race is called
engenics. The term engenics means “well
born™ and was coined by Francis Gallon in
1885 For the betterment of future generations
it is mecessary to increase the population
of outstanding people and to decrease the
population of abnormal and defective people

by applying the principles of eugenics.
Two methods of Engenics
(i) Constructive method or Positive eugenics
(ii) Restrictive method or Negative engenics
(i} Positive cugenics
Positive eugenics attempis [0 Increase
consistently  better or desirable germplasm
and to preserve the best germplasm  of the
society. The desirable traits can be increased by
adopting the following measures:
(il Early marriage of those having
desirable trails
{ii} Subsiding the fit and establishing sperm
and egg banks of precious germplasm
(iii} Edocating the basic principles of
genetics and cugenics
(iv) Improvement of environmental
conditions

(v} Promotion of genetic research
(i) Negative cugenics

Megative Eugenics attempts to eliminate the
defective germplasm of the society by adopting
the following measures:

(i} Sexual separation of the defectives

(ii) Sterilization of the defectives

(iii} Control of immigration and

(iv)Regulation of marriages

Principies of imheritance and Wabilion 66
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Euphenics

The symptomatic treatment of genetic
disease of man is called Euphenics or Medical
engineering. In 1960 joshua Lederberg coined
the term Euphenics. It means normal appearing.
It deaks with the control of several inherited
human discases especially the inborn errors of
metabolism. Eg. Phenylketonuria (PEU)

Euthenics

The science of improvement of existing
human race by improving the environmental
conditions is called cuothenics. It cam be
achieved by subjecting them to better mutrition,
better unpolluted ecological conditions, better
education and sutficient medical facilities.

Summary

Genetics is a branch of biclogy that deals
with the study of heredity and variation. It
describes how characteristics and features
pass on from the parents to their offsprings in
successive generations. Variation is the degree by
which progeny differ from their parents. A set of
three or more alleles of the same gene occupying
the same locus in a given pair of homologous
chromosomes controlling a particular trait is
called Multiple allele. ABD blood grouping in
man is & good example for multiple allelism.
Apart from A and B antigens, the RBC's of
humans contain a special type of antigen called
ith antigen/Rh factors. Erythroblastosis foetalis,
also called haemolytic disease of the newborn,
in which the red blood cells of a foctus arc
destroyed doe to maternal immune reaction
resulting from a blood group incompatibility
between the foetus and the mother

The mechanism of determination of male
and female individuals in a species is called sex
determination. The chromosomes are different
in two sexes and referred to as allosomes; the
remaining chromosomes are named autosomes.
The inheritance of a trait thal is determined by
a gene located on one of the sex chromosomes
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is called sex linked inheritance. Haemophilia,
colourblindness, muscular dystrophy are some
examples for X linked inheritance in human
beings.

Pedigree analysis is the study of traits as
they have appeared in a given family line for
several generations. The genetic disorders are
of two types- Mendelian and chromosomal
Alternations or mutation in single gene causes
Mendelian disorders like. thalassemia, albinism,
phenylketonuria. and Huntingtons  chorea
Chromosomal abnormalities arise duoe to
chromosomal non-disjunction, translocation,
deletion, duplication and inversion. Downs
syndrome, Klinefelter's syndrome, Turners
syndrome and Patau’s syndrome are some of the
chromosomal disorders. Downs syndrome is
due to trisomy of chromosome 21. Presence of
trisomic condition of chromosome 13 resulls in
Patau’s syndrome. In Turner’s syndrome the sex
chromosome is X0 and in Klinefelters syndrome
the condition is XXY. An idiogram refers to a
diagrammuatic representation of chromosomes.

The cytoplasmic extra nuclear genes have a
characteristic pattern of inheritance which does
nol resemble genes of noclear chromosomes
and are known as Extrachromosomal/
Cytloplasmic inheritance. The betterment of
human race can be achieved by methods like
Eugenics, Euthenics and Euphenics.

Evaluation

I. Haemophilia is more
common in males
becausc it isa
a) Recessive character

carried by Y-chromosome

b) Dominant character carried by

Y-chromosome

c) Dominant  trait carried by
X-chromosome

d) Recessive  trait  carried by
X-chromosome

| | 3 B Toplegy Chmeoter 3 (Sl lese IT

. ABO blood group in man is controlled by

a) Multiple alleles
b) Lethal genes

c) Sex linked genes
d} Y-linked genes

. Three children of a family have blood

groups A, AB and B. What could be the
genotypes of their parents?

a} I* 1" and I°I* b) 1*1* and 1%1°
) IR TE apd TATA d) 1A 1A and [=1=

. Which of the following is not correct?

a) Three or more alleles of a trait in the
population are called multiple alleles.

b) A normal gene undergoes mutations
to form many alleles.

c) Multiple alleles map at different loci
of a chromosome.

d) A diploid organism has only two
alleles out of many in the population.

. Which of the following phenotypes in the

progeny are possible from the parental
combination AxBE?

a}) A and B only

b) A.B and AB only
c) AB only

d) A B.AB and O

. Which of the following phenotypes is not

possible in the progeny of the parental
genotypic combination " x 1%

a) AB b) O

c) A d) B

. Which of the following is true abont

Rh factor in the offspring of a parental
combination DdxDd (both Rh positive)?

a} All will be Rh-positive

b} Half will be Rh positive

c} About % will be Rh negative
d} About one fourth will be Rh

negative

. What can be the blood group of offspring

when both parents have AB blood group?

a) AB only
c) A, B, AB and O

b) A, Band AB
d} A and B only

57  Prncipies ol inharitance sod Yarkbon
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9. If the childs blood group is *0 and fathers

blood growp is ‘A’ and mothers blood
group is ‘B’ the genotype of the parents
will be

a) i and I* I b) I*I* and 1%1°
c) *r"and "1 d) I"I* and 1*1®

10. XO type of sex determination and XY type
of sex determination arc examples of

a) Male heterogamety

b) Female heterogamety

c) Male homogamety

d) Both (b} and {c)

11.In an accident there is great loss of

blood and there is no time to analyse the
blood group which blood can be safely
transferred?

a) 0 and Rh negative
b) O and Rh positive
c)B and Rh negative
d) AE and Rh positive

12_Father of a child is colourblind and
mother is carrier for colourblindness, the
probability of the child being colourblind

=
a) 25% b) 50%
c) 100% d) 75%

13. A marriage between a colourblind man
and a normal woman produces

a) All carrier danghters and normal

b) 50% carrier daughters and 50%
normal davghters

¢} 50% colourblind sons and 50% normal
SOMS

d} All carrier offsprings

I4. Down's syndrome is a genetic disorder
which is caused by the presence of an

exira chromosome number

a) 20 b) 21
c)4 d) 23

15. Klinefelters’ syndrome is characterized by
a karyotype of
a) X¥Y b X0
) XXX d) XXV

Principies of imheritance and Wabilion B8
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I6. Females with Turners’ syndrome have
a) Small uterus
b) Rudimentary ovaries
c) Underdeveloped breasts

d) All of these

17. Pataus’ syndrome is also referred lo as
a) 13-Trisomy b} 18-Trisomy
c) 21-Trisomy d) None of these

18. "Universal Donor”™ and “Universal
Recipicnts™ blood group are

and respectively
a) AB, O bj O, AB
cl A B d) B, A
19. ZW-ZZ system of sex determination
occurs in
a} Fishes b) Reptiles
c) Birds d) All of these
20. Co-dominant blood group is
a) A b} AB
c) B d) O

21. Which of the following is incorsect
regarding FW-ZEZ  type  of sex
determination?

a} It occurs in birds and some reptiles

b) Females are homogametic and
males are heterogametic

c] Mak produce two types of gameles

d} It occurs in gypsy moth

12. Who is the founder of Modern Engenics
movement?
a) Mendel b} Darwin
c) Francis Galton d) Karl Pearson

23, Improvement of human race by
encouraging the healthy persons to marry
early and produce large number of children
is called

a) Posilive eugenics
b) Megative eugenics
) Positive cuthenics
d) Positive euphenics
24. The deals with the control

of several inherited human diseases

especially inborn errors of metabolism

a) Ewmphenics b} Engenics
c) Euthenics d) All of these
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25. What is haplodiploidy?

26. Distingnish between heterogametic and
homogametic sex determination systems.

27. What is Lyonization?

28. What is criss-cross inheritance?

29. Why are sex linked recessive characters
more common in the male human beings?

30. What are holandric genes?
31. Mention the symptomsof Phenylketonuria

32. Mention the symptoms of Down's

syndrome.
33. Explain the genetic basis of ABO blood
grouping in man.
34. How is sex determined in human beings?
35. What is male heterogamety?

| | Wi e Toplogy Crmoter 3 (S leas 256

36.
37,

Ja.

38,
40.

41.
42,
435,

= [ T | |_

Brief about female heterogamety.

Give an account of genctic control of Rh
factor.

Explain the mode of sex determination in
honeybees.

What are the applications of Karyotyping?
Explain the inheritance of sex linked

characters in human being
What is extra chromosomal inheritance?
Differentiate Intersexes from Supersexes.

Discuss the genic balance mechanism
of sex determination with reference to
Drosophila.

. Comment on the methods of Eugenics.

B3 Principies of ishoritance snd Varibon
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can aws re-creale the perey of mammotl and

endels theory dispelled the mystery

of why traits seemed to appear and
disappear magically from one generation to
the next. Mendel's work reveals the patterns of
heredity and reflect the transmission of evolved
information from parents to offspring. This
information is located on the chromosomes.
One of the most advanced realizations of
human knowledge was that oor unigue
characteristics are encoded within molecules
of DNA. The discovery that DMNA is the genetic
material left several guestions wnanswered.
How is the information in DNA used? Scientists
now know that DNA directs the construction
of proteins. Proteins determine the shapes of
cells and the rate of chemical reactions, sach
as those that occur doring metabolism and
photosynthesis. The hereditary nature of every
living organism is defimed by its genome,
which consists of a long sequence of nucheic
acids that provide the information needed to
construct the organism. The genome conlains
the complete set of hereditary information for
any organism. The genome may be divided into
a number of different nucleic acid molecules.
Each of the nucleic acid molecule may contain
large number of genes. Each gene is a sequence
within the nucleic acid that represents a single
protein. In this chapter we will discuss the
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structure of DNA, its replication, the process
of making RNA from DNA {transcription}, the
genetic code that determines the sequence of
amino acid in protein synthesis (translation),
regulation of gene expression and the essentials
of human genome sequencing.

5.1 Gene as the functional unit

of inheritance

A gene is a basic physical and functional
unit of heredity. The concept of the gene
was first explained by Gregor Mendel in
1860°s. He never used the term ‘gene’ He
called it *factor’ In 190%, the Danish biologist
Wilhelm Johannsen, coined the term ‘gene)
that was referred to discrete determiners of
inherited characteristics.

According to the classical concept of
gene introdeced by Sutton in 1902, gencs
have been defined as discrete particles that
follow Mendelian rules of inheritance,
occupy a definite locus in the chromosome
and are responsible for the expression of
specific phenotypic character. They show the
following properties:

« Mumber of genes in each organism is
more than the number of chromosomes;
hence several genes are located on the
same chromosome.

» The genes are arranged in a single linear

order like brads on a string.

» Each gene occupics a specific position
called locus.

« (ienes may exist in several alternate forms

called alleles.

« (enes may underge sudden change
in positions and compositon called
muiations.

« CGenes are capable of self-duplication
producing their own copics.

Mool GeEneds &2
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on Neurospora crassa (the red bread
mould) led them o propose one gene-
one enzyme hypothesis, which states that
nntgmt:nntmhlhpndncﬁunufm:
COXYme.

It was observed that an enzyme
may be composed of more than one
polypeptide chain and a gene can code
for only one polypeptide chain. Thus one
genc-one polypeptide hppmhui:m
that one gene controls the production of
molecule.

5.2 In search of the genetic material

As carly as 1848, Wilhelm Hofmeister,
a German botanist, had observed that cell
nuclei organize themselves into  small,
rod like bodies during mitosis called
chromosomes. In 1869, Friedrich Miescher,
1 Swiss physician, isolated a substance from
the cell nuclei and called it as muclein. It
was renamed as nucleic acid by Altman
(1889), and is now known as DNA. By 1920,
it became clear that chromosomes are made
up of proteins and DNA. Many experiments
were carried out to study the actual carriers
of genetic information. Griffith’'s experiment
proved that DNA is the genetic material
which has been dealt in class X1. Bacterial
transformation experiments provided the
first proof that DNA is the genetic material
However, he could not uwnderstand the
cause of bacterial transformation, and the
biochemical nature of genetic material was
not defined from his experiments.

Later, Oswald Avery. Colin Macleod and
Maclyn McCarty in 1944 repeated Griffith's
experiments in an “in vifro' system in order
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Fig. 5.1 Transformation experiment of Avery el al, (1944)

to identify the nature of the transforming
i subsiance responsible for converting a non-
virulent sirain into viralent strain. They
observed that the DNA, RNA and proteins
isolated from the heat-killed S5-strain
when added w R-strain changed their
surface character from rough to smooth
and also made them pathogenic (Fig. 5.1).
But when the extract was treated with
DMase (an enzyme which destroys DMNA)
the transforming ability was lost. RMase

proteases(anenzyme which destroys protein)

did not affect the transformation. Digestion L
with DNase inhibited transformation

suggesting that the DNA  caosed the

transformation. These
suggested that DNA and not proteins is
the genetic material. The phenomenon, by
which DNA isolated from one type of cell
(S — strain), when introduced into another
type (R-strain}, is able to retain some of the

experiments

properties of the S - strain is referred to as

(an enzyme which destroys RMA) and transformation.
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Fig. 5.2 The Hershey-Chase (blender) experiment

5.3 DNA is the genetic material

Many biologists despile the earlier
cxperiments of Griffith, Avery and others,
still believed that protein, not DNA, was the
hereditary material in a cell. As enkaryntic
chromosomes consist of roughly equal
amounts of protein and DMNA, il was said
that only a protein had sufficient chemical
diversity and complexity to encode the
information required for genetic material
In 1952, however., the resulls of the
Hershey-Chase experiment finally provided
convincing evidence that DNA is the genetic
material.

5.3.1 Hershey and Chase experiment
on T, bacteriophape

Alfred Hershey and Martha Chase (1952)
conducted cxperiments on bacteriophages
that infect bacteria. Phage T, is a virus that
infects the bacterium Escherichia coli. When

Phages (virus) are added to bacteria, they
adsorb to the ouwter surface, some material
enters the bacterium, and then later each
bacterium lyses to release a large number of
progeny phage. Hershey and Chase wanted to
observe whether it was DMNA or protein that
entered the bacteria. All nucleic acids contain
phosphorus, and proteins contain sulphur
(in the amino acid cysteine and methionine).
Hershey and Chase designed an experiment
psing radioactive isotopes of Solphur (M5)
and phosphorus (“P) to keep separate track of
the viral protein and nucleic acids during the
infection process. The phages were allowed
to infect bacteria in culture medium which
containing the radioactive isotopes ™3 or “P.
The bacteriophage that grew in the prescnce of
™% had labelled proteins and bacteriophages
grown in the presence of P had labelled DNA.
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The differential labelling thus enabled them to
identify DNA and proteins of the phage.
Hershey and Chalse mixed the labelled
phages with unlabelled E coli and allowed
bacteriophages to attack and imject their
genetic  material.  Soom  after  infection
{before bysis of bacteria), the bacterial cells
were gently agitated in a blender to loosen the
adhering phase particles. It was observed that
only ¥P was found associated with bacterial
cells and ™5 was in the surrounding medinm
and not in the bacterial cells. When phage
progeny was studied for radioactivity, it was
found that it carried only P and not ™5
(Fig. 5.2). These resulls clearly indicate
that only DNA and not protein coat entered
the bacterial cells. Hershey and Chase
thus conclusively proved that it was DNA,
not protein, which carries the hereditary
information from virus to bacteria.

5.4 Chemistry of Nucleic Acids
Having identified the genetic material as
the nucleic acid DNA (or RNA), we proceed
to examine the chemical structure of these
molecules. Generally nucleic acids are a
long chain or polymer of repeating subunits
called nudleotides. Each nucleotide subunit is
composed of three parts: a nitrogenous base,
a five carbon sugar (pentose) and a phosphate

Ercup.

Pentose sugar

There are two lypes of nucleic acids
depending on the type of pentose sugar
Those containing deoxyribose sugar are called
Deoxyribo Nuocleic Acid (DNA) and those
wilh ribose sugar are known as Ribonudeic
Acid (RNA). DNA is found in the nucleus
of eukaryotes and nucleoid of prokaryotes.
The only difference between these two
sugars is that there is one oxygen atom less in

deoxyribose.
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Nitrogenous bases

The bases are nitrogen containing
molecoles having the chemical properties
of a base (a substance that accepts H® ion or
proton in solution). DNA and RNA both have
four bases (two purines and two pyrimidines)
in their nucleotide chain. Two of the bases,
Adenine (A) and Guoanine (G) have double
carbon-nitrogen ring structures and are
called purines. The bases, Thymine (T),
Cytosine {C) and Uracil {U) have single ring
structure and these are called pyrimidines.
Thymine is unique for DMNA, while Uracil is
unique for RNA.

The phosphate functional group

It is derived from phosphoric acid
(H,F0,), has three active OH- groups of which
two are involved in strand formation. The
phosphate functional group (P0,) gives DNA
and RMA the property of an acid {a substance
that releases an H* jon or proton in solution)
at physiological pH. hence the name nucleic
acid. The bonds that are formed From
phosphates are esters. The oxygen atom of the
phosphate group is negatively charged after
the formation of the phosphodiester bonds.
This negatively charged phosphate ensures
the retention of nucleic acid within the cell or
nuclear membrane.

Nudeoside and nudeotide

The nitrogenons base is chemically
linked to one molecule of sugar (at the
I-carbon of the sugar) forming a nucleoside.
When a phosphate group is attached to the
5 carbon of the same sugar, the nocleoside
becomes a nucleotide. The nucleotides are
joined (polymerized) by condensation
reaction to form a polynucleotide chain. The
toydroxyl group on the 3 carbon of a sugar of
one nucleotide forms an ester with the
phosphate of another nocleotide. The
chemical bonds that link the sugar

L] binlerulsr Gepalles
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components of adjacent nucleotides are called
phosphodiester bond {5'—3'), indicating
the polarity of the strand.

The ends of the DNA or RMNA are distinct.
The two ends are designated by the symbols
%' and 3. The symbol 5 refers to carbon in the
sugar to which a phosphate (PO,) functional
group is attached. The symbol 3' refers to
carbon in the sugar o which hydroxyl (OH)
[unctional group is attached. In RMNA, every
nucleotide residue has an additional OH
group at 2° position in  the ribose.
Understanding the 5'—e3 direction of a
nucleic acid is critical for understanding the
aspects of replication and transcription.

Based on the X - ray diffraction analysis of
Maurice Wilkins and Rosalind Franklin, the
double helix mode] for DNA was proposed by
James Walson and Francis Crick in 1953 The
highlight was the base pairing between the
two strands of the polynucleotide chain. This
proposition was based on the observations
of Erwin Chargaff that Adenine pairs with
Thymine (A = T} with two hydrogen bonds
and Guanine pairs with Cytosine (G = C)
with three hydrogen bonds. The ratios
between Adenine with Thymine and Guanine
with Cytosine are constant and equal. The
base pairing confers a wnique property to
the polynucleotide chain. They are said to be
complementary to each other, that is, if the
sequence of bases in one strand (lemplate) is
known, then the sequence in the other strand
can be predicied. The salient features of DNA
structure has already becn dealt in class XL

5.5 RNA world

A typical cell contains about len limes as
much RMA as DMA. The high RNA content
is mainly due to the variety of roles played by
RMA in the cell. Fraenkel-Conrat and Singer
(1957) first demonstrated that RNA is the
genetic material in RMA containing viruses
like TMV (Tobacco Mosaic Virus) and they

Mool GeEneds 22
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separated RNA from the protein of TMV
viruses. Three molecular binlogists in the early
1980% (Leslie Orgel, Francis Brick and Carl
Woese) independently proposed the "RNA
world" as the first stage in the evolution of
life, 2 stage when RNA catalysed all molecules
necessary for survival and replication. The
term “RMA world' first used by Walter Gilbert
in 1986, hypothesizes RMNA as the first genetic
malerial on earth. There i now enough
evidence o soggest that essential life processes
(such as metabolism, translation, splicing etc.,)
evolved around RMA. RNA has the ability to act
as both genetic material and catabyst. There are
several hiochemical reactions in living systems
that arc catalysed by RMNA. This catalytic
RNA is known as ribozyme. Buoi, RNA being
a catalyst was reactive and hence unstable.
This led to evolution of a more stable form of
DNA, with certain chemical modifications.
Since DMNA i5 a double stranded molecule
having complementary strand, it has resisted
changes by evolving a process of repair. Some
RMA molecules function as gene regulators by
binding to DNA and affect geme cxpression.
Some viruses use RNA as the genetic material.
Andrew Fire and Craig Mellow (recipients of
Mobel Prize in Iﬂﬂ-ﬁ}mrcﬂlhenpinin‘nlhﬂt
RMA is an active ingredient in the chemistry of
life. ‘The types of RNA and their role have been
discussed in class XI.

5.6 Properties of genetic material

The experiment by Hemshey and Chase
clearly indicates that it is DNA that acts
as a genetic material However, in some
viruses like Tobacco mosaic virus (TMV),
bacteriophage BB, RMA acts as the genctic
material A molecule that can act as a genetic
material should have the following properties:

« Self Replication: It should be able to
replicate. According to the rule of base
pairing and complementarity, both nucleic
acids (DNA and RNA ) have the ability to
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direct duplications. Proteins fail to fulfill
this criteria.

Stability: it should be stable structurally and
stable enough not o change with different
stages of life cycle, age or with change in
physiology of the organism. Stability as one
of property of genetic material was clearly
evidenl in Griffiths transforming principle.
Heal which killed the bacteria did not
destroy some of the properties of genetic
material. In DNA the two strands being
complementary, if separated (denatured) by
heating can come together {renaturation)
when appropriate condition is provided
Further 2 OH group present at every
nucleotide in RNA is a reactive
groap that makes RNA liable and
casily degradable. RNA is also
kmowm 1o be catabytic and reactive.
Hence, DMA is chemically more
stable and chemically bess reactive
when compared 1o RNA. Presence
of thymine instead of wracil in
DMA confers additional stability
to [NA.

Information storage: It should be
able to express itselfl in the form
of "Mendelian characters. RNA
can directly code for prolein
synthesis and can easily express
the characters. DNA. however
depends on RMA for synthesis
of proteins. Both DMA and RNA
can acl as & genetic material, buot
DMA being more stable stores
the genetic information and RNA
transfers the genetic information.

Variation through mutation: It
should be able to mutate. Both

= mao LN

RMA genome with shorter life span can
muizte and evolve faster.

The above discussion indicates that both
RNA and DNA can function as a genctic
material DNA is more stable, and is preferred
for storage of genetic information.

5.7 Packaging of DNA helix

The distance betweoen I(wo consecutive
base pairs is 0.34nm (0.34x10°m) of the
DMA double helix in a typical mammalian
cell When the total number of base pairs is
multiplied with the distance between two
consecutive base pairs (6.6 x 10° x 0.34 =10°
m/bp), the length of DNA double helix is
approximately 2.2 m. (The total length of the

DNA and RNA are able Lo mutate.  pjg 5.3 Condensation of DNA - A - DNA, B-Nudeosomes

RMA being unstable, mutates at a

and Histones, C- Chromatin fiber, - Coiled

faster rate. Thus viruses having chromatin fiber, E- Coiled coil, F- metaphase chromatid
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double helical DNA = total number of base
pairs x distance between two consecolive
base pairs). If the length of E. coli DNA is
1.36 mm, the number of base pairs in E. coli is
4 = 10°bp (1.36 x IF m [ 034 =107). The
length of the DNA double helix is far greater
than the dimension of a typical mammalian
nucleus (approximately 107 m). How is such a
long DNA polymer packaged in a cell?

Chromosomes are carriers of genes which
are responsible for varions characters from
generation to generation. Do Praw (1965)
proposed a single stranded model (unineme),
as a long coiled molecule which is associated
with histone proteins in cukaryotes. Plants
and animals have more DNA than bacteria
and must fold this DNA 1o it into the cell
nucleus. In prokaryotes such as E. colf though
they do not have defined nucleus, the DNA
is not scattered throughout the cell DMA
(being negatively charged) is held with some
proteins (that have positive charges) in a
region called the nuclesid The DNA as a
nuckeoid is organized into large loops held
by protein. DNA of prokaryotes is almost
circular and lacks chromatin organization,
hence termed genophore.

Ineukaryoles, thisorganization is much more
complex. Chromatin is formed by a series of
repeating units called mocleosomes. Kornberg
proposed a model for the nucleosome, in which
2 molecules of the four histone proteins H2A,
H2B, H3 and H4 are organized to form a unit of
cight molecules called histone oclamere. The
negalively charged DNA is wrapped around
the positively charged histone octamere to
form a structure called nocleosome. A typical
nuclecsome contains 200 bp of DMNA helix
The histone octameres are in close contact and
DNA is coiled on the outside of nucdeosome.
Meighbouring nucleosomes are connected by
linker DNA (HI) that is exposed to enzymes.
The DMNA makes two complete turns around the
histone octameres and the two turns are sealed
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off by an Hl molecule. Chromatin lacking
Hl has a beads-on-a-siring appearance in
which DNA cnters and leaves the nucleosomes
at random places. H1 of one mucleosome
can interact with H1 of the neighbouring
nucleosomes resulting in the forther folding
of the fibre. The chromatin fiber in interphase
nuclei have a diameter of 700 nm and
represents inaclive chromatin. 30 nm hbre
arises from the folding of nuceosome,
chains inlo0 & solenoid structure having
six: nucleosomes per turn. This structure is
stabilized by interaction between different
HI molecules. DNA is a solenoid and packed
about 40 folds. The hicrarchical natore
of chromosome structure is illustrated in
(Fig. 5.3). Additional set of proleins are
required for packing of chromatin at higher
level and are referred w as non-histone
chromosomal proteins (NHC). In a typical
nucleus, some regions of chromatin are
loosely packed (lightly staimed) and are
referred to as euchromatin. The chromatin
that is tightly packed (stained darkly) is
called heterochromatin.  Euchromatin s
transcriptionally active and heterochromatin
is transcriptionally inactive.

5.8 DNA Replication

Replication of DNA takes place during the
S phase of cell cycle. During replication, each
DMA molecule gives rise to two DNA strands,
identical to each other as well as to the parent
strand. Three hypotheses of DNA replication
have been proposed. They are conservative
replication, dispersive replication. and semi-
conservalive replication.

In conservative replication, the original
double helix serves as a template. The original
molecule is preserved intact and an entirely
new double stranded molecule is synthesized.
In dispersive replication, the original molecule
is broken into fragments and cach fragment
serves a5 a lemplate for the synthesis of
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mechanism of replication is based on the
DNA model. They sugpgested that the two
polynucleotide strands of DNA molecule
unwind and start separating at one end
During this process, covalent hydrogen bonds
are broken. The separated single strand then
acts as template for the synthesis of a new
strand. Subsequently, each danghter double
helix carries one polynudeotide strand from
the parent molecule that acts as a template
and the other strand is newly synthesised
and complementary to the parent strand
(Fig. 5.4).

5.8.1 Experimental proof of
DNA replication

The mode of DMA replication was
determined in 1958 by Meselson and Stahl
They designed an experiment to distinguish
between semi conservative, conservative and
dispersive replications. In their experiment,
they grew two cultures of Ecoli for mamy

enerations in separate media. The “heavy’

® Wi 54 Bamlcpasny o iog TR opiicalion fu]lure was gmwim;n a medium in !-'nl']:l.'i.:rlr'l ®
the nitrogen source (WH,Cl) contained the

complementary fragments. Finally two new

maolecules are formed which consist of both
old and new fragments.

Semi-conservative replication Was
proposed by Watson and Crick in 1953, This

heavy isotope “N and the “light’ colture was
grown in 8 medium in which the nitrogen
source contained light isotope "N for many
generations. At the end of growth, they

G-EHH"I"hI I Generation il
' N-DNA H—L'HA e

i RO
H-DMA 15
m{ i
. 14
20mi_OOORNOVORN. 40 i DA
14
N-DLA

o

i | :F:) Ip

15H15H 1‘-”15“ 14H'HH HH‘E"
Heavy Hybrid Light Hybeid

Fig. 5.5 Meselson and 5tahl experiment Lo support semiconservative mode of DNAreplication
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observed that the bacterial DNA in the heavy
culture contained only N and in the light
culture only “N. The heavy DNA could be
distinguished from light DNA ("N from "N}
with a technigue called Cesium Chloride
(CsCl) density gradient centrifugation. In
this process, heavy and light DNA extracted
from cells in the two cultures settled into two
distinct and scparate bands (hybrid DNA)
(Fig. 5.5).

The heavy culture {"N) was then transferred
into a medium that had only NH,Cl, and took
samples at various definite time intervals
{20 minutesduration). Afterthe first replication,
they extracted DNA and subjected it to density
gradient centrifugation. The DNA settled
into a band that was intermediate in position
between the previously determined heavy
and light bands. After the second replication
(40 minutes duration), they again extracted
DNA samples, and this time found the DNA
scttling into two bands, one at the light band
position and one at intermediate position.
These results confirm Watson and Crick’s semi
conservative replication hypothesis.

5.8.2 Enzymes and mechanism
of replication

In prokaryotes, replication  process
requires three types of DNA polymerases
(DNA polymerase I, 0. and III). DNA
polymerase 111 is the main enzyme involved
in DMA replication. DMA polymerase |
(also known as Kornberg enzyme) and
DMNA polymerase II are involved in DNA
repair mechanism. Eukaryotes have five
types of DMNA polymerases that catalyses the
polymerization of nucieotides at the 3' OH of
the new strand within a short period of time.
E. coli that has only 4.6 x10% bp, completes its
replication process within 18 minutes; that
means the average rale of polymerisation has
to be approximately 2000 bp/sec. Replication
takes place faster at the same time accurately:
Any error will lead to mutation. However
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replication errors are corrected by repair
enzymes such as nucleases. Deoxy nucleoside
triphosphate acts as substrate and also provides
energy for polymerization reaction.

Replication begins at the initiation site called
the site of ‘origin of replication’ {ori). In
prokaryotes, there is only one origin of
replication, whereas in eukaryotes with giant
DNA molecules, there can be several origins of
replication {replicons). Since the two strands of
[DNA cannot be separated throughout at a time
(due to large requirement of energy) the
replication ocours within a small opening of the
DMA helix called as replication fork. Unwinding
of the DNA strand is carried out by DNA
helicase. Thus, in one strand (lemplate strand
with polarity 3—=s5) the replication is
continuous and is known as the leading strand
while in the other strand {coding strand with
polarity 5'—13) replication is discontinwous,
known as the lagping strand (Fig. 5.6). The
discontinuously synthesized fragments of the
lagging strand (called the Okazaki fragments)
are joined by the enzyme DNA ligase.

FHE g

¥ &  Leading Lagging ' @
strand strand
Fig 5.6 Mechanism of replication showing a
replication fork
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As they move away in both directions, newly
synthesized complementary oucleotides are
paired with the existing nucleotides on the
parent strand and covalently bonded together
by DNA polymerase. Formation of new strand
requires a primer (a short stretch of RNA Jor
initiation. The primer produces a 3¥-0H end on
the sequence of ribonudeotides, towhich deoxy
ribonucleotides are added. The RNA primer is
ultimately removed leaving a gap in the newly
synthesized DNA sirand. It is removed from
5 end one by one by the exonuclease activity
of DNA polymerase. Finally, when all the
nucleotides are in position, gaps are sealed by
the enzyme DNA ligase.

At the point of origin of replication, the
helicases and topoisomerases (DMA gyrase)
unwind and pull apart the strands, forming a
¥-Shaped structure called the replication fork
There are two replication forks at each origin.
The two strands of a DNA helix have an
antiparallel orientation. The enzyme DNA
polymerase can only catalyse the addition of a
nucleotide to the new strands in the 5'—s 3
direction, as it can only add nucleotides o the
3 carbon position.

5.9 Transcription

Francis Crick proposed the Central dogma
of protein synthesizs in molecular biology
states that gemetic information fows as
follows:

Replizaticn

The process of copying genetic information
[rom one strand of DNA into RNA is
termed transcription. This process takes
place in presence of DMA dependent RNA

polymerase. In some retroviruses that contain
RNA as the genetic material (e.g, HIV), the How
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of imformation is reversed. RNA synthesizes
[DMA by reverse transcription, then transcribed
into mRMNA by transcription and then into
profeins by translation.

For a cell o operate, its genes must be
cxpressed. This means that the gene products,
whether proteins or RMA molecules must be
made. The RMA that carries genetic information
encoding a protein from genes into the cell is
known as messenger RNA (mRMNA). For a gene
to be transcribed, the DMNA which is a dooble
helix must be pulled apart temporarily, and
RMNA is synthesired by RNA polymerase. This
enzyme binds to DMNA at the start of a gene and
opens the dooble helix. Finally, RNA molecule
is synthesized. The nudeotide sequence in the
RMA is complementary to the DNA template
strand from which it is synthesized.

Both the strands of DNA are not copied
during transcription for two reasons. 1. If both
the strands act as a template, they would code
for RNA with different sequences. This in turn
would code for proteins with different amino
acid sequences. This would result in one segment
of DMNA coding for two different proteins, hence
complicate the penctic information transfer
machinery. 2. If wo RNA molecules were
produced simultaneously, double stranded RNA
complementary to each other would be formed.
This would prevent RNA from being translated
into proleins.

5.9.1 Transcription unit and gene

A transcriptional unit in DNA is defined by
three regions, a promoter, the structural gene
and a terminator. The promoter is located
towards the 5" end of the coding strand. Itis a
DMA sequence that provides binding site for
RNA polymerase. The presence of promoter
in a transcription unit, defines the template
and coding strands. The terminator region
located towards the 3 end of the coding strand
contains a DNA sequence that causes the RNA
polymerase to stop transcribing. In cukaryotes
the promoter has AT rich regions called
TATA box (Goldberg-Hogness box) and in
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Fig. 5. 7 Schematic structure of a transcription omit

prokaryotes this region is called Pribnow box
Besides promoter, eukaryotes also require an
enhancer.

The two strands of the DNA in the structural
gene of a transcription unit have opposite
polarity DMA dependent BEMA  polymerase
catalyses the polymerization in only one
direction, the strand that has the polarity
¥—-5 acls as a template, and is called the
template strand. The other strand which has
the polarity 5'——e3" has a seqoence same as
RNA (except thymine instead of uracil} and is
displaced during transcription. This strand is
called coding strand (Fig. 5.7).

The structural gene may be monocistronic
(cukaryotes) or polydstronic (prokaryotes).
In enkaryotes, each gene transcribes a2 single
mRMA and encodes information for only a single
protein and is called monocistronic mRNA. In
prokaryotes, clusters of related genes, kmown as
operon, ofien found next o each other on the
chromosome are transcribed together to give a
single mRMNA and hence are polycistronic.

Before starting transcription, RNA polymerase
binds to the promoter, a recognition sequence in
front of the pene. Bacterial {prokaryotic) RNA
polymerase consists of the core enzyme and the
sigma subunit. The core enzyme (2o, . f* and
@} is responsible for RNA synthesis whercas
a sigma subunit is responsible for recognition
of the promoter. Promoter sequences vary in
different organisms. RMA polymerase opens
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op the DNA to form the transcription bubble.
The core enzryme moves ahead, manufacturing
RMA leaving the sigma subunit behind at the
promoter region. The end of a gene is marked
by a terminator sequence that forms a hair
pin structure in the RNA. The sub-class of
lerminalors reguire a recognilion  protein,
known as rho (p), to function.

5.9.2 Process of transcription

In prokaryoies, there are three major types of
RMNAs: mRNA, tRNA, and rRNA. All three RNAs
are needed to synthesize a protein in a cell The
mRMNA provides the template, tRNA brings amino
acids and neads the genetic code, and riRMNAs play
structural and catalytic role during trandlation.
Thene is a single DNA-dependent RNA polymierase
that catalyses transcription of all types of RNA.
It binds to the promoter and initiates transcription
(Initiation). The polymerases binding sites are
called promoters. It uses nucleoside triphosphate
as suhstrate and energy source and polymerases
in a template depended fashion following the
rule of complementarity. After the initiation
of transcription, the polymerase continues to
chongaie the RNA. adding one mudeotide afier
another to the growing RNA chain. Only a short
stretch of RMA remains bound to the enzyme,
when the polymerase reaches 2 ierminator at the
end of a gene, the nascent RNA falls off, so also the
RMNA polymerase.

The question is, how the RNA polymerases
are able o catalyse the three steps initiation,
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least three RNA polymerases
in the nudews {in addition

io RNA polymerase found

Terminal ¥ in the organelles). There is

a clear division of labour
The FNA polymerase [
transcribes rRMAs (285, 185
and 5.85), whercas the RNA
polymerase I11 is responsible
for transcription of 1RMNA,
55 rRNA  and  snRNA.

RNA The RNA  polymerase
RNA Polymerase Il  tramscribes — precursor
Fig. 5. & Process of transcription in prokaryotes off mRNA, the

clongation and Ermination? The RNA
polymerase is only capable of catalyzing the
process of clongation. The RMA polymerase
associales transiently with initiation factor sigma
() and termination factor rho (0} o initiate
and terminate the transcription, respectively
Associgtion of RMNA with these factors
instructs the RNA polymerase cither to initiate
or terminale the process of transcription
(Fig. 5.8).

In bacteria, since the mBRNA does not
require any processing o become active
and also since transcription and translation
take place simultancously in the same
compartment (since there is no separation of
cytosol and nucleus in bacteria), many times
the translation can begin much before the
mRMA is fully transcribed. This is because
the genetic material is not separated from
other cell organelles by a nuclear membrane
consequently; transcription and translation
can be coupled in bacteria.
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hnRMA  (heterogenous  nudear RNA)L In
cukaryotes, the monocstronic structural
penes  have  imterrupled  coding  sequences
known as exons (expressed sequences) and non-
coding sequences called introns (intervening
sequences). The introns are removed by a process
processing called capping and tailing [n capping
an unususl nucleotide, methyl guanosine
triphosphate is added at the 5' end. whereas
adenylate residues (200-300) (Poly A) are added
at the ¥ end in tailing (Fig. 5.9). Thereaficr,
this processed hnRMA. now called mRNA i
transported out of the nodeus for translation.

The split gene feature of cukaryolic genes
is almost entirely absent inm prokaryoles.
Originally each exon may have coded for
1 single polypeptide chain with a specific
function. Since exon arrangement and intron
removal are flexible, the exon coding for
these polypeptide subunits act as domains
combining in various ways 1o form new genes.
Single genes can prodoce different functional

T3 binlerulsr Gepalles
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Messanger ;Em.
RNA (m RNA)

Fig. 5.9 Process of transcription in cukaryoles

proteins by arranging their exons in several
different ways through alternate splicing
patterns, a mechanism known to play an
important role in generating both protein and
functional diversity in animals. Introns would
have arosen before or after the evolution of
cukaryolic gene. If introns arose late how did
they enter eukaryotic gene? Introns are mobile
DMA sequences that can splice themselves out
of, as well as into, specific “target sites” acting
like mobile transposon-like elements (that
mediate transfer of genes between organisms
— Horizontal Gene Transfer - HGT). HGT
occurs between lineages of prokaryotic
cells, or from prokaryotic to enkaryotic cells
and between ecokaryotic cells. HGT is now
hypothesized to have played a major role in
the evolution of life on earth.

5.10 Genetic Code

[XNA 15 the genetic material that carries
genetic information in a cell and from
generation o generalion. Al this stage, an
attempt will be made to determine in what

manner the genetic information exists in
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DNA molecule? Are

they wrillen in

coded language om

a DMNA molecule?

If they occur in the

language of codes

what is the nature
of genetic code?

The translation of

proteins follows

the triplet rule;

a sequemce  of

three mRNA base

{a codon) designates

one of the 20

different kinds of

amino acids used in
protein synthesis.
Genetic code is the
sequence  relationship
between nucleotide in genes (or mRMA) and
the amino acids in the proteins they encode:
There are 64 possible triplets, and 61 of them are
used to represent amino acids. The remaining
three triplet codons are termination signals
for polypeptide chains. Since there are only 20
amino acids invobred in protein synthesis, most
of them are encoded by more than one triplet.
Two things make this multiple (degenerate)
coding possible. First, there is more than one
tRNA for most amino acids. Each tRNA has
a different anticodon. Second, this pairing is
highly specific for the first two portions on the
codon, permitting Watson and Crick base pairs
(A -Uand G - C) to be formed. But at the third
position there is a great deal of flexibility as to
which base pairs are acceptable. Most pant of
the genetic code is universal, being the same in
prokaryotes and eukaryotes.

The order of base pairs along DNA molecale
controls the kind and order of amino acids
found in the proteins of an organism. This
specific order of base pairs is called genetic
code, the blue print establishing the kinds of

e

wmprs




) — T T

proteins to be synthesized which makes an
organism unique.

Marshall Nirenberg, Severo Ochoa
(enzyme polynucleotide phosphorylase called
Ochodsenzyme), Hargobind Khorana, Francis
Crick and many others have contributed
significantly to decipher the genetic code. The
order in which bases are arranged in mRNA
decides the order in which amino acids are
arranged in proteins. Finally a checker board
for genetic code was prepared (table 5.1).

The salient features of genetic code are as
follows:

« The genetic codon is a triplet code and
61 codons code for amino acids and 3
codons do not code for any amino acid and
function as stop codon (Termination).

« The genetic code is universal. It means
that all known living systems use nucleic
acids and the same threc base codons
{iriplet codon) direct the synthesisof protein
from amino acids. For example, the mRNA
(UUU) codon codes for phenylalanine in all
cells of all organisms. Some exceptions are
reported in prokaryotic, mitochondrial and

Table 5.1 Genetic code dictionary

chloroplast genomes. However similarities
are more common than differemces.

A non-overlapping codon means that the
same letler is not used for two different
codons. For instance, the nucleotide
sequence GUU GUC represents only two
codons.

It is comma less, which means that the
meszage would be read directly from one

end to the other ie., no punctuation are
necded between two codes.

A degenerate code means that more than
one triplet codon could code for a specific
amino acid. For example, codons GUU,
GUC, GUA and GUG code for valine.

Mon-ambiguous code means that one
codon will code for one amino acid.

The code is always read in a fixed direction
Le. from 5'+3 direction called polarity.

AUG has doal functions. It acts as a
initiator codon and also codes for the

aming 2cid methionine.

Second Muckoiide in Codon
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« UAA, UAG and UGA) codons are
designated as termination (stop) codons
and also are known as “non-sense” codons.

5.10.1 Mutation and genetic code
Comparative studies of mutations (sudden
change in a gene) and corresponding
alteration in amine acid sequence of specific
protein have confirmed the validity of the
genetic code. The relationship between genes
and DMNA are best undersiood by mutation
studies. The simplest type of mutation at the
molecular level is & change in nucleotide that
substitutes one base for another. Such changes
are known as base substitutions which may
occur spontaneously or doe to the action of
mutagens. A well studied example is sickle
cell anacmia in humans which results from a
point mutation of an allele of f-haemoglobin
gene  (PHb). A  haemoglobin  molecule
consists of four polypeptide chains of two
lypes. two O chains and two f-chains. Each
chain has a heme group on its sarface. The
heme groups are involved in the binding of
oxygen. The human blood disease, sickle cell
anaemia is due to abnormal haemoglobin.
This abnormality in haemoglobin is duc to a
single base substitution at the sixth codon of
the beta globin gene from GAG to GTG in p
-chain of hacmoglobin. It results in a change
of amino acid glutamic acid to valine at the 6™

position of the p -chain. This is the classical

= | I ||__

It is a hypothesis proposed by Crick
{1966) which states that tRNA anticodon
has the ability to wobble at its 5 end by
pairing with even non-complementary
base of mRNA codon. According to this
hypothesis, in codon-anticodon pairing
the third basc may not be complementary.
The third base of the codon is called
wobble base and this position is called
nccumltﬁmtwupnmhmanﬁ]"f‘h
importance of Waobbling hypothesis
is that it reduces the number of tRNAs
required for polypeptide synthesis and it
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codon and the anti codon do oot match

economy of tRNA, GUU, GUC, GUA and
GUG code for the amino acid - Valine.

DA poind mutstion can lead b 3 differcnt amino ack SoquEcnce

Fig. 5. 10 DNA poinl mulation
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example of point mutation that results in the
change of amino acid residue glutamic acid to
valine (Fig. 5.10). The mutant haemoglobin
undergoes polymerisation under oxygen
tension causing the change in the shape of
the REC from biconcave to a sickle shaped
structure.

The eflect of point mutation can be
understood by the following example.

ABC DEF GHI JKL

If we Insertl a letter O between DEF
and GHI the arrangement would be

ABCDEF OGH IJK L

If we Insert O at the same place the
arrangement would be

ABC DEF 00 G HIJ KL

The above information shows that insertion
or deletion of one or two bases, changes the
reading frame from the point of insertions or
deletions. Such mutations are referred to as
frame shift insertion or deletion mutations.
This forms the genetic basis of proof that codon
is a triplet and is read in a continuous manner

5.11. tRNA - the adapter molecule

The transfer RNA, (tRNA) molecule of a
cell acts as a vehicle that picks up the amino
acids scattered through the cytoplasm and
also reads specific codes of mRNA molecales.
Hence it is called an adapter molecule. This
term was postulated by Francis Crick.

The two dimensional clover leal model of
IRNA was proposed by Robert Holley. The
secondary structure of {RNA depicted in
Fig. 5.11 looks like a dover leaf. In actual
structure, the tRNA is a compact molecule
which looks like an inverted L. The clover
leaf model of tRNA shows the presence of
three arms namely DHU arm, middle arm
and TWC arm. These arms have loops such
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as amino acyl hinding loop, anticodon loop
and ribosomal binding loop at their ends.
In addition it also shows a small lump called
variable loop or extra arm. The amino acid
is attached to one end (amino acid acceptor
end) and the other end consists of three
anticodon nuocleotides. The anticodon pairs
with a codon in mRNA ensuring that the
correct amino acid is incorporated into the
growing polypeptide chain. Four different
regions of double-stranded RNA are formed
during the folding process. Modified bases
are especially common in tRMA. Wobbling
between anticodon and codon allows some
tRNA molecules to read more than one codon.
The process of addition of amino acid
to IRNA is known as aminoacylatiom or
charging and the resultant produoct is called
aminoacyl- tRNA (charged tRNA). Without
aminoacylation tRNA is known as uncharged
IRNA (Fig. 5.2). If two such tRNAs are
brought together peptide bond formation is
favoured energetically MNumbers of amino
acids are joined by peptide bonds to form a
polypeptide chain. This aminoacylation is
Aming =i

aftacted nacs
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Fig. 5.11 Holley's two-dimensional dover
leal model of transfer RNA
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catalyzed by an enryme aminoacyl - tRNA
synthetase. This is an endothermic reaction
and is associated with ATP hydrolysis. 20
different aminoacyl - tRNA synthetases are
known. The power to recognize codon on the
mBRMNA lies in the tRNA and not in the attached
amino acid molecule.
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Fig. 5.12 5teps involved in charging LRNA.
The ‘X’ denotes that for cach amino acid
only the corresponding specific tRNA and

specific aminoacyl (IRNA synthelase enzyme
are invelved in the charging process.

5.12 Translation

Translation mefers o the process of
polymerization of amino acids to form poly
peptide chain. The decoding process is carried
out by ribosomes that bind mRNA and charged
tRNA molecules. The mRMNA is translated,
starting at the 5' end. After binding to mRNA,
the rbosomes move along #. adding new
amino acids to the growing polypeptide chain
cach time it reads a codon. Fach codon i

read by an anticodon on the E = E
corresponding IRNA. Hence '. 0
the order and sequence of ':'.I‘f.l'lll-'IU

amino acids are defined by
the sequence of bases in the E'

mBMNA.

5.12.1 Mechanism of Translation

The cellular factory responsible for
synthesizing protein is the ribosome. The
ribosome consists of structoral RMAs and
ahout £0 different proteins. In inactive state,
il exisis as iwo subunits; large subunit and
small subunit. When the subunit encounters
an mRMNA, the process of translation of the
mRMA to protein begins. The prokaryotic

ribosome (70 S) consists of two subunits,
the larger subunit (50 5) and smaller subunit
(30 5). The ribosomes of eukaryotes (80 5) are
larger, consisting of 60 5 and 40 5 sub units. ‘8’
denotes the sedimentation coefficient which
is expressed as Svedberg unit (5).

One of the allernative ways of dividing
up a sequence of bases in DMA or RNA
into codons is called reading frame. Amny
sequence of DNA or RNA, beginning with
a start codon and which can be translated
into a prokein is known as an Open Reading
Frame {ORF). A translational unit in mRNA
is the sequence of RNA that is flanked by
the start codon and the stop codon and
codes for polypeptides. mRMA also have
some additional sequences that are not
translated and are referred to as Untranslated
Regions (UTR). UTRs arc present at both
5 end (before start codon) and at 3 end
(after stop codon). The start codon (AUG)
begins the coding sequence and is read by a
special tRNA that carries methionine (met).
The initiator tRNA charged with methionine
binds to the AUG start codon. In prokaryotes,
M - formyl methionine (f =) is attached to
the initiator tRNA whereas in eukaryotes
pnmodilied methionine is used. The 5 end
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in response to the AUG triplet. This step
‘sels the reading frame so that all subsequent
groups of three ribonucleotides are translated

The assembly of ribosomal subunits,
mRMA amd (RNA represent the initiation
complex. Once initiation complex has been

irittiator SRNA assembled, 1F3 is released and allows the
Large subunit
i :
o Ty b e 3

w1 oo AAGULGA
Initiation Elongation
factors factors

Many triplet codons

1. mRMNA binds to small subunit along

U ) P — with initistion tacters (IF1,2,3)
AUGUUCGGU ALGUGA

Fig. 5.13 a-Translation components

¥ _—

of the mRNA of prokaryoles has a special :
@ sequence which precedes the initial AUG m T ? @

start codon of mRMNA. This ribosome binding i UALC
site is called the Shine - Dalgarno sequence il -
or 5-I} sequence. This sequences base-pairs $
with a region of the 165r RMA of the small
ribosomal subunil facilitating initiation. The inlafion compiex
subunits of the ribosomes (30 S and 50 S) are 2. Initistor BRNAT™ binds fo mRNA
usually dissociated from each other when not eodon in P gite;  IF3 released
involved in translation (Fig. 5.13a). -

Initiation of translation in E. coli begins

with the formation of an initiation complex, [E— |
consisting of the 305 subunits of the ribosome, AAGUGA
a messenger RMA and the charged N-formyl
methionine tRNA (f= - t RNA =), three 4d
profeinacecus initiation factors (IFL, 1F2, 1F3), : T
GTP(Guanine Tri Phosphate) and Mg . i

The components that form the initiation GTP
complex interact in a series of steps. IF3
binds to the 305 and allows the 308 subunit 3. Large subunit binds to comples; IF1
to bind to mRNA. Another initiation protein and IF2 released; EF-Tu biinds o
(IF2) then enhances the binding of charged tRNA. faciitating antry into A sike
formyl methionine tRNA to the small subunit Fig. 5.13 b- Initiation

T Mlamulsr Genallcs
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initiation complex to combine
with the 505 ribosomal subunit

to form the complete ribosome
(708). In this process a

maolecule of GTP is hydrobyzed
providing the required energy
and the initiation factors

11—

LR R ]

(IF1 dind 1E? and 1 eeond erarged (RNA has el § Depatids Berel fafme i baeged
e, faciriated by EF-Tu: first IRl moves io §-ste and fHen
GDP) are released Hp_ﬂnmum ool of i besoime

{Fig. 5.13 b}

Elongation is the next phase
of translation. Once both
subunits of the ribosomes are
assembled with the mRNA,
binding sites for two charged
tRNA molecules are formed.
The sites in the ribosome are
referred to as the aminoacyl

site (A site), the peptidyl site (P __* T :T-i' mﬂénu

site} and the exit site (E site).  secood slerguios siep begine

The charged initiator tRNA
binds to the P site. The next
step in prokaryolic translation
is to position the second IRNA
at the A site of the ribosome
o form hydrogen  bonds
between its anticodon and the
second codon on the mENA
{stepl). This step requires the
correct transfer RNA, another
GTP and two proteins called
clongation factors (EF-Ts and

. TR
UITI'l
A A nas srefled by 3 banan,

EF -G tacsitaies M TRAKoCaon sieg
frnt elurgetan alzp evpleie

unchaged 1R mows o E st

EF-Tu) Fig.5.13 ¢- Elongation of the growing polypeptide chain

Omce the charged (RNA molecule
is positioned at the A site, the enryme peptidyl
transferase catalyses the formation of peptide
(stcp 2). At the same time, the covalent bond
the P site is hydrolyred (broken). The product
of this reaction is a dipeptide which is attached
Iﬂﬂt]‘mﬂufﬂﬂﬁﬂﬂlrﬁﬁcﬁnginﬂtﬂﬂﬂ
For elongation to be repeated, the tRMA attached
to the P site, which is now uncharged is released

Mool GeEneds B

| | 30 < Toplogy Timoier 2 SMlicsdl ED

during translation
from the large subunit. The uncharged tRNA
moves through the “E’ site on the ribosome.

The ecnliem mRMNA-tRMNA-aal-aa? complex
shifis in the direction of the *P” site by a distance
of three nucleotides (step 3). This step requires
several elongation factors (EFs) and the energy
derivied from hydrobysis of GTP. This resultsin the
third triplet of mRNA o accept another charged
tRMA into the A site (step 4}. The sequence of
elongation is repeated over and over (step 5 and

s ||
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step 6). An additional amino acid is added to the
growing polypeptide, each time mBNA advances
through the ribosome. Once a polypeptide chain
is assembled, it emerges out from the base of the
large subunit (Fig. 5.13 ).

Termination is the final phase of translation.
Termination of protein synthesis oocurs when
one of the three stop codons appears in the
‘A site of the ribosome. The terminal codon
signals the action of GTP - dependent release
factor, which cleaves the polypeptide chain
from the terminal IRNA releasing it from
the translational complex (step 1). The tRNA
is then released from the ribosome, which
then dissociates into its subunits (step 1)
(Fig. 5.13 d).

ﬂ. re v
AlG L :

f__.:-"

il

1, TRMG amd pohyjpeptide
chas rulnasar

. il
AUCULCDOU

GTP-,

ALGLUGA

2, GTP-deperndent teireinobon ‘|-II:|.I:I-I'I ackvaied,
compnnens sapataie; polypenica focs inln proten

Fig. 5.13 d- Termination of the process of
translation

5.13 Regulation of gene expression

Wi have previously established how DMNA

is organized into genes, how penes store

genetic information, and how this information

| | 3 B Toplegy Trimsiere 1Sl iesel 1
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is expressed. We now consider the most
fundamental issnes in molecolar genetics.
How is genetic expression regulated? Evidence
in support of the idea that genes can be turned
on and off is very convincing. Regulation of
gene expression has been extensively studied
in prokaryotes, especially in E coli. Gene
expression can be controlled or regulated
al transcriptional or post transcriptional or
translational level. Here, we are going o discuss
regulation of gene expression at transcriptional
level. Usually, small extracellularorintracellular
metabolites trigger imitiation or inhibition
of gene expression. The clusters of gene with
related functions are called operoms. They
nsually transcribe single mRNA molecules.
In E.coli, nearly 260 genes are grouped into
75 different operons.

bacteria to flourish in animal host because
ﬂ[ﬁ!.lﬂdlﬂﬂlﬂk.hﬁﬂﬂﬁ:ilhﬂihﬂilhﬂ
Erythromycin inhibits the translocation of
of peptide bonds.

Structore of the operon: Each operon is a unit
of gene expression and regulation and consists
of one or more structural genes and an adjacent
operator gene thal controls transcriptional
activity of the siructural gene.

i} The structural gene codes for proteins,
rRMA and tRNA required by the cell.

ii) Promoters are the signal sequences in
DMA that initiate RNA synthesis. RMA
polymerase binds to the promoter prior
to the initiation of transcription.

£ binlerulsr Gepalles
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iii) The operators are present
between the promoters and

Rf'eh Polymerase

structural genes. The repressor

NS -

protein binds 1o the operator
region of the operon.

e T FRepmszar pisds ko the ooarebor
kan o snd wenbs R
The Lac {Lactose) operom: The P pr:il"i' e
metabolism  of lactose i Ecoli the aperom

requires three enzymes - permease,

p-galactosidase  (B-gal)  and Secresacr

transacetylase. The enzyme permease
is needed for entry of lactose into the

ANA Pofyremse cing 0o promoicr

= In pressnoe
EEEN - of Inefucer

cell. P-galactosidase brings about
hydrolysis of laciose o glocose
and galaciose, while transacetylase
transfers acetyl group from acetyl Co
A to p-galactosidase.

The lac operom consists of one
regulator gene (7 gene refers to
inhibitor) promoter sites (p), and
operator site (o). Besides these, it
has three structural genes namely
lac z,y and lac a. The lac *z’ gene codes for
fi-galactosidase, lac'y’ genecodes for permease
and ‘a’ gene codes for transacetylase.

Jacob and Monod proposed the classical model
of Lac operon o explain genc expression and
regulation in E coli. In lac operon, a polycistronic
sructural gene is regulated by a common
promoter and regulatory gene. When the cell is
using its normal energy source as glucose, the
‘i’ gene transcribes a repressor mRNA and after
its translation, a repressor protein is produced.
It hinds to the operator region of the operon and
prevents transcription, as a result, f-galactosidase
is mot produced. In the absence of glucose, if
lactose is available as an energy source for the
bacteria then lactose enters the cell as a result of
permease enxyme. Lactose acts as an indocer and
imteracts with the repressor to inactivate it

The repressor protein binds to the operator
of the operon and prevenis RNA polymerase
from transcribing the operon. In the presence
of inducer, such as lactose or allolactose, the
repressor is inactivated by interaction with the
inducer. This allows RMA polymerase to bind

"

(Inacdiye momEsso

Tramscipdcs

¥
i i

Bomlacicsidiags oErAanLE ransc e

_l' Timneisian

Fig. 5.14 Lac Operon model

to the promotor site and transcribe the operon
to produce lac mRNA which enables formation
of all the required enzymes needed for laciose
metabolism (Fig. 5.14). This regulation of
lac operon by the repressor is an example of
negative control of transcription indtiation. Lac
operon is also under the control of positive
regulation as well.

5.14 Human Genome
Project (HGP)

The international human genome project
was launched in the year 1990. It was a mega
project and took 13 years to complete. The
human genome is about 25 times larger than the
genome of any organism sequenced Lo date and
is the first vertebrate genome to be completed.
Human genome is said to have approximately
3x10° bp. HGP was closely associated with the
rapid development of a new area in biology
called bivinformatics.

5.14.1 Goals and methodologies of

Human Genome Project
The main goals of Human Genome Project

are as follows
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» ldentify all the genes (approximately 30000}
in human DMNA.

» Determine the sequence of the three billion
chemical base pairs that makeup the human
DA

+ To store this information in databases.

« Improve tools for data analysis.

« Transfer related technologies to  other
sectors, such as industries.

« Address the ethical, legal and social issues
(ELS1) that may arise from the project.

The methodologics of the Human Genome
Project involved two major approaches.
One approach was focused on identifying
all the genes that are expressed as RNA
(EST; - Expressed Sequence Tags). The
other approach was sequence annotation.
Here, sequencing the whole set of genome
was taken, that contains all the coding and
non-coding sequences and later assigning
different regions in the sequences with
functions. For sequencing. the total DNA
from a cell is isolated and converted into
random fragments of relatively smaller sizes
and cloned in suitable hosts using specialized
vectors. This cloning results in amplification
of pieces of DNA fragments so that it could
subsequently be sequenced with ecase
Bacteria and yeast are two commonly used
hosts and these vectors are called as BAC
(Bacterial Artificial Chromosomes) and
YAC (Yeast Artificial Chromosomes). The
fragments are sequenced using awtomated
DMNA sequencers (developed by Frederick
Sanger). The sequences are then arranged
based on few overlapping regions, using
specialized computer based programs. These
sequences were  subsequently  annotated
and are assigned to cach chromosome.
The genetic and physical maps on the
genome are assigned wsing information on
polymorphism of restriction endonuclease
recognition sites and some repetitive DNA

| | 3 B Toplegy Crmesier &Sk lese BT

sequences, called microsatellites. The
latest method of sequencing even longer
[ragments is by a method called Shotgun
sequencing using super computers, which
has replaced the traditional sequencing
methods.

5.14.2 Salient features of Human
Genome Project:

« The human genome contains 3 billion

nucleotide bases.

« An average gene consists of 3000 bases,
the largest kmown human gene being

dystrophin with 2.4 million bases.

« The chromosomal organization of human
penes shows diversity.

« Approximately 30,000 genes are present
in human gemome and almost 99.9
nucleotide bases are exactly the same in
all people.

« Functions for over 50 percent of the
discovered genes are unknown.

» Less than 2 percent of the genome codes
for proteins.

« Repeated sequences make up very large
portion of the human genome. Repetitive
sequences have no direct coding functions
but they shed light on chromosome
structure, dynamics and evolution

(genetic diversity).

« Chromosome | has 2968 genes whereas
chromosome Y has 231 genes.

« Scientists  have  identified  about
1.4 million locations where single
base DMA differences (SNPs - Simgle
nucleotidepolymorphism - pronounce as
‘smips ) occur in humans. Identification of
‘SNIPS’ is helpful in finding chromosomal
locations for disease associated sequences
and tracing human history.

X binlerulsr Gepalles
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5.14.3 Applications and
future challenges
The mapping of buman chromosomes is
possible 10 cxamine a persons DNA and o
identify genctic sbnormalities. This is extremely
useful in diagnosing discases and o provide
genetic counselling to those planning to have
children. This kind of information would alko
creale possibilities for new gene therapies. Besides
providing cues 1o understand human biology.
learning about non-human organisms, DNA
sequences can lead to an understanding of their
natural capabilities that can be applied towards
solving challenges in healthcare, agriculture,
energy production amd  environmental
remediation. A new era of molecular medicine,
fundamental canses of discase than treating the

« Once genetic sequence becomes easier
o determine, some people may attempt
to use this information for profit or for
political power.

» Insurance companies may refuse o insure
people at ‘genetic risk” and this would save
the companies the expense of futune medical
bills incurred by ‘less than perfect’ people.

« Another fear is that attempts are being
made to “breed out™ certain genes of

people from the human population in
order to create a “perfect race’

¢ Pharmacopenomics  Is

™ the study of how genes

- affect a persons response
lo drugs. This relatively

new field combines pharmacology (the
sclence of drugs) and genomics (the
study of genes and thelr functions} to
develop effective, safe medications and
doses thal will be tatlored to a person’s

penetic makeup.

5.15 DNA fingerprinting technique

The DMA fingerprinting technigue was first
developed by Alec Jeffreys in 1985 (Recipicnt
of the Royal Socicty’s Copley Medal in 2014).
Each of us have the same chemical structure of
DNA. Bul there are millions of differences in

the DMA sequence of base pairs. This makes
the uniqueness among us so that cach of us
excepl identical twins is different from each
other genctically The DMNA of a person and
finger prints are unique. There are 23 pairs of
human chromosomes with 1.5 million pairs
of genes. It is a well known fact that genes are
segments of DNA which differ in the sequence
of their nucleotides. Mot all segments of
DMA code for proteins, some DNA segments
have a regulatory function, while others are
intervening sequences (introms) and still
others are repeated DNA sequences. In DNA
fingerprinting. short repetitive nucleotide
sequences are specific for a person. These
nucleotide sequences are called as variable
number tandem repeats (VNTR).The
VNTRs of two persons generally show

variations and are useful as genetic markers.

DMNA finger printing involves identifying
differences in some specific regions in DNA
sequence called repetitive DNA, because in
these sequences, a small stretch of DNA is
repeated many times. These repetitive DNA
are separaled from bulk penomic DNA as
different peaks during density gradient
centrifugation. The bulk DNA forms a
major peak and the other small peaks are
referred to as satellite DNA. Depending on
base compaosition (A : T rich or G : C rich),
length of segment and number of repetitive
units, the satellite DNA is classified into
many sub categories such as micro-satellites,
mini-satellites, etc., These sequences do not
code for any proteins, but they form a large
portion of human genome. These sequences
show high degree of polymorphism and form
the basis of DMA fingerprinting (Fig. 5.15).
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Fig. 5.15 Schematic representation of DNA lingerprinting : Few representalive chromosomes
have been shown to contain ditferent copy number of VNTR

DNA isolated from blood, hair, skin cells,
or other penetic evidences left at the
scene of a crime can be compared throngh
VNTR patterns, with the DMA of a criminal
suspect to determine guilt or inmocence.
VNTR patterns are also useful in establishing
the identity of a homicide victim, either
from DNA found as evidence or from the
body itself.
The Steps in DNA Fingerprinting technigue
(Fig. 5.16) is as lollows:
1. Extraction of DNA
The process of DNA fingerprinting starts
with oblaining a sample of DMNA from
blood. semen. vaginal fluids, hair roots,
teeth, bones, eic.,

2. Polymerase chain reaction (PCR)
In many situations, there is only a small
amount of DMNA availsble for DNA
fingerprinting. If needed many copies
of the DNA can be produced by PCR
(DNA amplification).

| | 3 B Toplegy Timstere &2l inge B2

3. Fragmenting IDNA
DMA is treated with restriction enzymes
which cut the DNA into smaller fragments
at specific sites.

4. Separation of DNA by electrophoresis
During electrophoresis in an agarose
gel, the DMA fragments are separated
into bands of different sizes. The bands
of separated DNA are sieved out of the
gel wsing a nylon membrane (treated
with chemicals that allow for it to break
the hydrogen bonds of DNA so there are
single strands).

5. Denaturing DNA

The DNA on gels is denatured by using
alkaline chemicals or by heating.

6. Blolling
The DMNA band pattern in the gel is
transferred to a thin nylon membrane
placed over the ‘size fractionated DNA
strand’ by Southern blotting.

2 binlerulsr Gepalles
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7. Using probes to idemtify speciic DNA

A radioactive probe (DMNA labeled with
a radivactive substance) is added to the
DMA bands. The probe attaches by base
pairing o those restriction fragments
that are complementary to its sequence
The probes can also be prepared by using
cither “fluorescent substance’ or “radioactive
isotopes.

. Hybridization with probe

Afier the probe hybridizes and the excess
probe washed off, a photographic flm is
placed on the membrane containing “DNA

hybrids,

. Exposure on film to make a genetic/ DNA
Fingerprint
The radioactive label exposes the film to form

an image (image of bands) corresponding
o specific DNA bands. The thick and thin
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dark bands form a pattern of bars which
conslitules a genetic fingerprint.

Application of DNA finger printing
+ Forensic analysis - It can be used in the

identification of a person involved in
criminal activities, for settling paternity
or maternity disputes, and in determining
relationships for immigration purposes.
Pedigree analysis - inheritance pattern
of genes through penerations and for
detecting inherited diseases.
Conservation of wild life - protection of
endangered species. By maintaining DNA
records for identification of tissues of the
dead endangered organisms.
Anthropological studies-1t is  useful
in determining the origin and migration
of homan populations and genetic
diversities.
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Summary

In the twentieth century, one of the landmark
discovery in biology was the identification of
DMA, as genclic material of living organisms.
Gene may be defined as a segment of DNA which
is responsible for inheritance and expression of a
particular character.

In 1953, James Walson and Francis Crick
proposed DNA  structure based on  X-ray
Wilkins and Rosalind Franklin. MNudecotides
are the structural units of noceic acids. Each
nucleotide has three components, i) pentose sugar
ii} mitrogenous base and iii) phosphate. DNA
and RNA are polymucleotides. DNA has double
stranded helical structure while RMA is a single
stranded structure. [INA acts as genetic material of
almost all the living organism except few vinuses.

The non genetic RNAs are of three types;
m-RNA, r-RNA and t-RMA. They help in protein
synthesis. [NA has capacity of replication, while
the three types of RNA are transcribed on DNA.
Meselson and Stahl (1958) proved experimentally
the semi-conservative nature of DNA replication
using heavy isotope of nitrogen N in E.coli.

In 1958 Crick proposed that DNA determines
the sequence of amino acids in a polypeptide
{protein} through mBMNA, and proposed the
central dogma of protein  synthesis which
imvolves transcription and translation. The
process of copying genetic information from one
strand of DNA into RNA is termed transcription
The DNA transcribed RNA molecules serve as a
template for the synthesis of polypeptides by a
process termed translation. Each amino acid in
a polypeptide chain is represented by a sequence
of three nucleotides in the RNA known as the
from nucleus to the cytoplasm. DNA is always

present in the noclens and synthesis is also
confmed 1o the nodeus

Jacob and Monod proposed the classical model

ol Lac operon o explain gene expression and
regulation in E coli. In fac operon a polycistronic
structural gene is regulsted by a3 common
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promoter and regulator. It is an example of
negative control of transcription initiation.
Human genome project, a mega project was
gimed o sequence every gene in the human
penome. Polymerase chain reaction is an in vitro
method of synthesis of nucleic acids wherein,
1 speciic DNA segment is amplified rapidly
without concomitant replication of the rest of
the DNA molecole. DNA fngerprinting is a
technigue 1o identify variations in individuals of
a population at the DNA level. It has immense
applications in the field of forensic analysis,
pedigrer analysis, anthropological studies, and

conservation of wild life.

Evaluation

I. Hemshey and Chase
experiment with
bacteriophage showed
that

a} Protein gets into the bacterial cells
b) DNA is the genetic material

) DNA contains radioactive sulphur
d) Viruses undergo transformation

2. DMA and RMA are similar with respect 1o
a) Thymine as a nitrogen base
b} A single-stranded helix shape
c) Nodeotide containing sugars, nitrogen
bases and phosphates
d) The same sequence of nucleotides for the

amino acid phenyl alanine
3. A mRNA molecule is produced by
a) Replication b} Transcription
c) Duplication  d) Translation
4. The total number of nitrogenous bases in
human genome is estimated to be about
i) 3.5 million b} 35000
<) 35 million d} 3.1 billion
5. E coli cell grown on "N medium are

transferred to N medium and allowed to
grow for two generations. DINA extracted

5 binlerulsr Gepalles
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from these cells is ultracentrifuged in a

cesium  chloride density gradient. What

density distribution of DNA would you

cxpect in this experiment?

(a) One high and one low density band.

(b) One intermediate density band.

(c} Ome high and one intermediate density
band.

(d) Ome low and one intermediate density
band.

. What is the basis for the difference in the

synthesis of the leading and lagging strand

of DNA molecules?

{a) Origin of replication occurs only at the 5
end of the molecules.

(b) DMA ligase works only in the 3’ + &
direction.

(c) DNA polymerase can join mew
nucleotides only to the 3' end of the
growing stand.

(d) Helicases and single-strand binding
proteins that work at the 5" end.

7. Which of the following is the correct sequence

of event with reference to the central dogma?
(a) Transcription, Translation, Replication
{b) Transcription, Replication, Translation
{c) Duplication, Translation, Transcription
(d) Replication, Transcription,

Translati

8 Which of the following statements about

[XMA replication is not correct?
{a) Unwinding of DNA molecule occurs as

hydrogen bonds break.

(b) Replication occurs as cach base is
paired with another exactly like it.

{c) Process is known as semi conservalive
replication because one old strand is
conserved in the new molecule.

(d) Complementary base pairs are held
together with hydrogen bonds.

9. Which of the following statements is not true

about DNA replication in eukaryotes?

(a) Replication begins at a single origin of
replication.

(b) Replication is bidirectional from the
origins.

(c) Replication occurs at sbout 1 million
hase pairs per minute.

{d) There are numerous different bacterial
chromosomes, with  replication
ocurring in each at the same time.

10.The frst codon to be deciphered was

12

I3

[4

which codes for :
(a) AAA, proline (b} GGG, alanine
(c) UUL, Phenylalanine (d)TTT, arginine

Mesclson and Stahls experiment proved

(@) Transduction

(b} Transformation

(c) DMA is the genetic material

{d) Scmi-conservative nature of DNA
replication

Ribosomes are composed of two subunits;

the smaller subunit of a ribosome has a

binding site for

subunit has two binding sites for two

_(mRNA, LRNA)

and the larger

An operon is a:

(a) Protein that suppresses gene expression

(b} Protein that accelerales gene expression

{c} Cluster of structural genes with related
function

(d) Gene that switched other genes on or off

When lactose is present in the culture

medium:

(a) Transcription of lac y lac 7. lac a genes
OCCUTE.

(b] Repressor is unable 1o bind to the
operator.

(c) Repressor is able to bind to the operator.

{d) Both {a} and (b} are correct.
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L5, Give reasons: Genetic code is ‘oniversal’
l&. Name the parts marked A and "B’ in the

given transcription unit-
3 5
A
) =3
+
B

|7. Differentiate - Leading stand and lagging
strand

18. Ditlerentiate - Template strand and coding

strand.

19. Mention any two ways in which single
nucleotide polymorphism (SNPs) identified
in human genome can bring revolutionary
change in bilogical and medical science.

20. State any three goals of the human genome
project

21. In Ecoli, three enrymes f- galaciosidase,
permease and transacetylase are produced
in the presence of lactose. Explain why the

enzymes are nol synthesized in the absence
of lacinse:

22, D¥istinguish between structural  gene,
regulatory gene and operator gene.

23. A low level of expresion of lac operon
occurs at all the time. Justify the statement.

24 HGP is the windows for treaiment of various
genetic disorders. Justify the statement

25. Why the human genome project is called a
mega project?

26. From their examination of the strocture of

INA, What did Watson and Crick infer
about the probable mechanism of DMNA

replication, coding capability and mutation?

| | 3 e Toplegy Crmesier &Sk less IR

= | I ||__

27. Why tRMA is called an adapier molecule?

23. What are the three structural differences
between RNA and DNAT

249. Name the anticodon required to recognize
the following codoms: AAL, CGA, UAL,
and GCA.

30. a} Identify the higure given below

b} Redraw the structure as a replicating fork
and label the parts

5:_/3
3 _\ i

c)Write the source of energy for this
replication and name the enxyme
imvolved in this process.

d) Mention the differences in the synthesis
of protein, based on the polarity of the
two template strands.

31. If the coding sequence in a transcription
unit is written as follows:
5 TGCATGCATGCATGCATGCATGCATGC ¥
Write down the sequence of mRMA.

32. How is the two stage process of prolein
synthesis advanlageous?

33 Why did Hershey and Chase nse radivactively
Would they have got the same result if they
nse radiolabelled carbon and nitrogen?

34. Explain the formation of a nucleosome.

35. It is established that RNA is the first genctic
material Justify giving reasons.
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ICT CORNER
MOLECULAR GENETICS

Lets us explore the gene |
. expression —

Procedure :

Step 1: Use the URL or scan the QR Code to launch the *Gene Expression Essentials™ activity
page.

Step 2: Click “Expression” pick the genetic material from the Biomolecule Toolbox,
understand the changes for the three different genes.

Step 3: Click *mRNA” and slide through the slider in Positive Transcription factors and
Megative Transcription factors such as Concentration, Affinity. Also Slide through
“Affinity” in RNA Polymerase.

Step 4: Click “Multiple Cells” and find the average protein level vs Time in the graph indicated
above.

latest/gene-expression-essentlals en himl

*Pictures are indicative only
*Allow flash player
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UNIT - Il

Evolution
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"Eack ks his owa iree of ancestors, buf at the iop
of il sits probahly arberead”

he term evolution is uwsed o describe

heritable changes in one or more
characteristics of a population of species
[rom one generation to the other. The present
state of mankind on earth is the cutcome of
three kinds of evolution - chemical, organic
and social or cultural evolution.

Radiometric daling of meteorites yiclds
an estimated age for the solar system and for
earth as around 4.5 - 4.6 billion years. The
new born earth remained inhospitable for
at least few hundred millions years. At first
it was too hot. This is because the collisions
of the planctesimals that coalesced to form
earth released much heal to melt the entire
planet. Eventually outer surface of the earth
cooled and solidified to form a crust. Water
vapour released from the planels interior
cooled and condensed to form occans.
Hence origin of life can be reconsiructed
using indirect evidences. Consequently,
biologists have turned to gather disparate
bits of information and filling them
together like picces of jig saw puzzle. Many
theories have been proposed to explain the
origin of life. Few have been discussed in

this chapter.
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6.1 Origin of life - Evolution of
life forms

Theory of special creation states that
life was created by a supernatural power,
respectiully referred to as “God™. According
o Hinduism, Lord Brahma created the Earth.
Christianity, Islam and most religions believe
that God created the universe, the plants and
the animals.

According 1o the theory of spontancous
generation or Abiogenesis, living organisms
originated from non-living materials and
occurred  through stepwise chemical and
molecular evolution over millions of years.
Thomas Huxley coined the term abiogenesis.

Big bang theory explains the origin
of universe as a singular huge explosion
in physical terms. The primitive earth had
no proper almosphere, but consisted of
ammonia, methane, hydrogen and water
vapour. The temperature of the earth was
extremely high. UV rays from the son split
up water molecules into hydrogen and
oxygen. Gradually the temperature cooled
and the water vapouar condensed to form rain.
Rain water filled all the depressions to form
waler bodies. Ammonia and methane in the
atmosphere combined with oxygen o form
carbon-dioxide and other gases.

Coacervates  (large colloidal particles
that precipitate out in aqueous mediom)
are the first pre-cells which gradually
transformed into living cells.

According o the theory of biogenesis
life arose from pre-existing life. The term
biogenesis also refers to the biochemical
process of production of living organisms
This term was coined by Henry Bastian.

According to the theory of chemical
evolution primitive organisms in the
primordial environment of the earth evolved
spontaneously from inorganic substances and
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physical forces sech, as lightning, UV radiations,
volcanic  activities, etc.. Oparin (1924)
suggested that the organic compounds could
have undergone a series of reactions leading
to more complex molecules. He proposed that
the molecules formed colloidal aggregates or
‘coscervates’ in an aquecus environment The
coacervates were able o absorb and assimilate
organic compounds from the environment
Haldane {1929} proposed that the primordial
sea served as a2 wvast chemical laboratory
powered by solar emergy.  ‘The aimosphere
was oxygen free and the combination of €Oy,
WNH, and UV radiations gave rise to organic
compounds.  The sea became a “hot’ dilute
soup containing large populations of organic
monomers and polymers. They envisaged that
groups of monomers and polymers acquired
lipid membranes and further developed into
the first living cell. Haldane coined the term
prebiotic soup and this became the powerful
symbol of the Oparin-Halkdane view on the
origin of life (1924-1920).

Oparin and Haldane independently
suggested that iff the primitive atmosphere was
redocing and if therc was appropriate supply
of energy such as lightning or UV light then
8 wide range of organic compounds can be
synthesized.

6.2 Geological time scale
The duration of the earths EE

history has been divided

into eras that incude the .Fau.;p_;

Paleozoic, Mesozoic, and

Cenoenic.  Rocenl  cras

are further divided into

periods, which are split into epochs. The
geological time scale with the duration of the
eras and periods with the dominant forms of
life is shown in Table &.1.

The Paleoroic era is characterized by
gbundance of fossils of marine invertebrates.
Towards the later half, other vertebrates {marine
and terrestrial) except binds and mammals

ik =
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appeared. The six periods of Paleoroic era
in order from oldest to the youngest are
Cambrian (Age of invertebrates), Ordovician
(fresh water fishes, Ostracoderms, various types
of Molluscs), Silurian (origin of fishes), Devonian
{Age of fshes, many types of fishes such as
lung fishes, lobe finned fishes and ray finned

Table 6.1 Geological Time Scale

= | I ||__

fishes),

Mississippian  (earlicst amphibians,

Echinoderms), Pennsyivanian {earliest reptiles),
Permian (mammal like reptiles).
Mesoroic era (dominance of reptiles)

called the Golden age of reptiles,

namely,

divided into three

perinds

is

Triassic {origin of cgg laying mammals),

a : PERTOY EPFO{CH EALTHA FLORA
Hecent Angiosperms
! Quaternary {Holocene) Age of Mammals Monocotyledons
] Pleistocene of Huoman bein
Age 2
E 1o Plioccene |Huoman evolution
3 Age of
= 15 Miocene Be
& : T Angiosperms -
20 Tertiary Oligocene M dasdteal Dicotyledons
100 Lo
Paleocene
n
125 Cretaceous Ginkgos, Gnetales,
= {Dicotyledons)
% (Golden age of Reptiles) 1 I
-~ . Rise of Dinosaurs e =
- 150 Jurassic lycopods, Ferns,
Caonifers, Cycads
130 Triassic
Arborescent
205 Permian Mammal like reptiles
230 Pennsyivanian | Earliest reptiles ﬁﬁ;ﬁﬁ:ﬂd
Carboniferoues
) seg Missicsioni Earliest Amphibians and
E SSIESIPPIAR | o bundant Echinoderms
E 315 Devonian Age of fishes Progymnosperms
350 |Silurian Parliest shesand land | 7 osterophyllum
e Dominance of Appearance of
SR Sl first land plants
510 Cambrian Fossil invertcbrates Origin of algae
= Upper Multicellular organisms
E S Middle Appearance of cukaryoles
£ Y Planktons
Evoirtion o4
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Jurassic (Dinosaurs were dominant on the
carth, fossil bird - Archaespferyx) and
Cretaceous {extinction of toothed birds and
dinosaurs, emergence of modern birds).

Cenoroic era {Apge of mammals)
is subdivided into two periods namely
Tertiary and Quaternary. Tertiary period is
characterized by abundant mammalian fauma.
This period is subdivided into fGve epochs
namely, Paleocene (placental mammals,
Eocene (Monotremes except duck billed
Platypus and Echidna, hoofed mammals and
carnivores), Oligocene (higher placental
mammals appeared), Miocene (origin of
first man like apes) and Pliocene (origin of
man from man like apes). Quaternary period
witnessed decline of mammals and beginning
of human social life.

The age of fossils can be determined
using two methods namely, relative dating
and absolute dating. Relative dating is used to
determine a fossil by comparing it to similar
rocks and fossils of known age. Absolute
daling is used to determine the precise age
of a fossil by wsing radiometric dating to
measure the decay of isotopes.

6.3 Biological evolution

Formation of protobionts
Abiotically produced maolecules can
spontancously self assemble into droplets
that enclose a2 watery solution and maintain
a chemical environment different from their
surroundings. Scientists call these spheres
as ‘protobionts’ Liposomes are lipids in a
solution that can sclf assemble into a lipid
bilayer. Some of the proleins inside the
liposomes acquired the properties of enzymes
resulting in fast multiplication of molecules.
The coacervates with nucleoprotein and
nutrients had a limiting surface membrane that
had the characters of a virus or free living genes.
Sub sequently nomber of genes united o form
‘proto viruses somewhat similar to present day
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viruses. Two major cell types that  appeared
during this time were significant. One form ofthe
carliest cell contained dumps of nucleoproteins
embedded in the cell substance. Such cells were
similar o the Monera. They are considered as
ancestral to the modern bacteria and bloe green
algac. ‘The other form of earliest cells contained
nucleoprotein dumps that condensed into a
central mass surrounded by a thin membrane.
This membrane scparated nudeoproteins from
the cell substances. Such cells were referred
to as Protista. When the natural sources of
food in the ocean dedined in course of time
the ancestors of Monera and Protista had o
evolve different methods for food procurement.
These may be summarized as parasitism,
saprophytism, predator or animalism and
chemosynthesis or photosynthesis When the
number of photosynthetic organisms increased
there was an increase in the free O, in the sea

and atmosphere.

CH,+20, — CO, +2H,0
AWH +30, — I +6H O

The atmospheric oxygen combined with
methane and ammonia to form CO;, and free
nitrogen. The presence of the free O, bronght
gbout the evolution of acrobic respiration
which couold yield large amounts of energy
by oxidation of food stuffs. Thus Prokaryotes
and Eukaryotes evolved.

Experimental approach to the origin
of life

Urcy and Miller (1953), paved way for
understanding the possible synthesis of organic
compounds that led to the appearance of living
organisms is depicted in the Fig. 6.1. In their
experiment, a mixture of gases was allowed
to circulate over electric discharge from an
tungsten clectrode. A small flask was kept
boiling at 800°C and the steam emanating from
it was made to mix with the mixture of gases
(ammonia, methane and hydrogen) in the large
chamber that was connected to the boiling
water. The steam condensed o form water

e ".:121-ll-l| |



of various geological strata of
evolution. Fossilization is the
process by which plant and
animal remains are preserved
in sedimentary rocks. They fall
under three main categories.

i) Actwal remains - The
original hard parts such as bones,
teeth or shells are preserved as
such in the earths atmosphere.
This is the most common method
of fossilization. When marine
animals die, their hard parts such
as bones, shells, etc., are covered
with sediments and ane protected
from further deterioration. They

pet preserved as such as they
are preserved in vast ocean; the
safinity in them prevenis decay.
The sediments become hardened
to form definite layers or strata.
For example, Woolly Mammoth
that lived 22 thousand years ago
were preserved in the frosen
coast of Siberia as such. Several
human beings and animals living

Fig. 6.1 Diagrammatic representation of Urey-Millers experiment .\ - city of Pompeii

which ran down the U tnbe. Experiment was
condocted continwously for a week and the
liquid was analysed Glycine, alanine, beta
alanine and aspartic acid were identified. Thus
Millers experiments had an insight as o the
possibility of abiogenetic synthesis of lange
amount of variety of organic compounds in
nature from a mixture of sample gases in which
the only soorce of carbon was methane. Later
in similar experiments, formation of all types of
amino acids. and nitrogen bases were noticed.

6.4 Evidences for
biological evolution

6.4.1 Paleontological evidences
Paleontology is the stndy of prehistoric

life through fossils. Fossils are described as

the true witnesses of evolution or documents
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were preserved intact by volcanic ash which
gushed out from Mount Vesmvins.

ii) Pelrifaction - When animals die
the original portion of their body may be
replaced molecole for molecule by minerals
and the original substance being lost through
disintegration. This method of fossilization
is called petrifaction. The principle minerals
involved in this type fossilization are iron
pyriles, silica, calcium carbonate and
bicarbonates of calcium and magnesium.

iii}) Natural moulds and casts — Even
after disintegration, the body of an animal
might leave indelible impression on the soft
mud which later becomes hardened into
stones. Such impressions are called moulds.
The cavities of the moulds may get filled up

e ".:121-l-l| |
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by hard minecrals and get fossilized, which are
called casis. Hardened faecal matter termed
as coprolites occur as tiny pellets. Analysis of
the coprolites enables us o understand the
nature of diet the pre- historic animals thrived

O

Visit any museum nearer o your
is in Chennai.

6.4.2 Evidences from
comparative anatomy

Similarities in siructure between groups
of organisms are accepted as indicators of
relationship. For example, a comparative study
of the forelimbs of different vertebrates exhibits
a fundamental plan of similarity in struciure.
These relationships can be studied under
homologous organs, analogous organs, vestigial
organs, connecting links and atavistic organs.
Homologous structures

In wvertchrates, comparative anatomical
studies reveal a basic plan in various structores
such as fore limbs and hind limbs. Fore limbs
of veriebrales exhibit anatomical similarity with
cach other and is made of similar bones such as
humerus, radios, ulna, carpals, metacarpals and
phalanges

B

g

" m

 thrsanm ] Ui | Radie [ Corpai Phadarepa
Fig. 6.2 Forclimbs of terrestrial vertebrates to
show homology
Structures which are similar in origin
but perform different functions are called
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homologous structures that brings about
divergent evolution (Fig 6.2).

Similarly the thorn of Bougainvillea and
the tendrils of Curcurbita and Pisum safivum
represent homology. The thorn in former is

used as a defence mechanism from grazing
animals and the tendrils of latter is used as a
support for climbing.

Analogous structures

Organisms having different structural
patterns but similar function are termed as
inalogous structures. For example, the wings
of birds and insects are different structurally
but perform the same function of flight that
brings about convergent evolution (Fig. 6.3).

Fig. 6.3 Comparison of insect and bird wing
Lo show their analogy
Other examples of analogous organs

include the eyes of the Octopus and of
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mammals and the flippers of Penguins
and Dolphins. Rool modification in sweet
potato and stem modification in potato are
considered as analogons organs. Both of these
plants have a common function of storage of
food.

Vestigial organs

Structures that are of no wse to the
possessor, and are nol necessary for their
existence are called vestigial organs. Vestigial
organs may be considered as remnants of
structures which were well developed and
functional in the ancestors, but disappeared
in course of evolution due to their non-
utilization. Human appendix is the remnant
of caecum which is functional in the digestive
tract of herbivorous animals like rabbit
Cellulose digestion takes place in the caccum
of these animals. Due to change in the diet
containing less cellulose, caecum in human
became functionless and is reduced o a
vermiform appendix, which is vestigial. Other
cxamples of vestigial organs in human beings

Tartotes Chick

3$ﬁ
p&@?&

at%\
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include coccyx, wisdom teeth, ear muscles,
body hair, mammae in male, nictitating
membrane of the eye, etc.,

Connecting link

The organisms which possess the
charactersof two different groups ( transitional
stage) are called connecting links. Example
Peripatus (connecting link between Annelida
and Arthropoda), Archeopteryx (connecting
link between Reptiles and Aves).

Atavistic organs
Sudden appearance of vestigial organs in
highty evolved organisms is called atavistic
organs. Example, presence of tail in @ human
baby is an atavistic organ.
6.4.3 Embryological evidences
Embryology deals with the study of the
development of individual from the egg to the
adult stage. A detailed study of the embryonic
development of different forms makes us to
think that there is a close resemblance during

development

Thedevelopmentofheartinallvertebrates
follows the same patiern of development as a
pair of twbular structures
that later dewclop into

two chambered heart in
fishes, three chambered in
amphibians and in most

reptiles and four chambered
in crocodiles. birds and
mammals; indicating a
common ancestry for all the
vertebrates,

Hence scientists in the
19th century concluded that
higher animals during their

embryonic  development
pass through stages of lower
animals (ancestors). Ermst
Von Haeckel, propounded

Fig 6.4 Embryological evidences

the “biogenetic law or
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theory of recapitulation®™ which states
that the life history of an individual
(ontogeny) briefly repeats or recapitulates the
evolutionary history of the race (phylogeny).
In other words “Ontogeny recapitulates
Phylogeny™. The embryonic stages of a
higher animal resemble the adult stage of its
ancestors. Appearance of pharyngeal gill slits,
yolk sac and the appearance of tail in human
embryos are some of the examples (Fig. 6.4).
The biogenetic law is not universal and it is
now thought that animals do not recapitniate
the adult stage of any ancestors. The human
embryo recapitulates the embryonic history
and not the adult history of the organisms.

The comparative study of the embryo of
different animals shows structural similarities
among Lhemselves. The embryos of fish,
salamander, tortoise, chick and human start
life as a single cell, the zygote, and undergo
cleavage to produce the blastula, change to
gastrula and are triploblastic. This indicates
that all the above said animals have cvolved

from a common ancestor.

Molecular evidences

Molecular ewvolution is the process
of change in the sequence composition of
molecules such as DMNA, RMA and proteins
across generalions. It uses principles of
evolutionary biology and population genetics
to cxplain patterns in the changes of molecules.

Ome of the most useful advancement in the
development of molecular biology is proteins and
other molecules that control life processes are
conserved among specics. A slight change that
occurs over time in these conserved molecules
{DNA, RNA and protcin) are often called
molecular clocks. Molecules that have been used
to study evolution are cytochrome ¢ (respiratory
pathway) and rRNA (protein synthesis).
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6.5 Theories of biological
evolution

6.5.1 Lamarck’s theory

Jean Baptiste de Lamarck, was the first to
postulate the theory of evolution in his famous
book “Philosophic Zoologique' in the year
1809. The two principles of Lamarckian theory
are:

i. The theory of use and disuse - Organs
that are used often will increase in size and
those that are not used will degenerate. Neck in
giraffe is an example of use and absence of limbs
in snakes is an example for disuse theory:

ii. The theory of inheritance of acquired
characters - Chamacters that are developed
during the life time of an organism are called
acquired characters and these are then inherited.

The main objection to Lamarckism
Lamarck’s “Theory of Acquired characters”™
was disproved by Aungust Weismann who
conducted experimenis on mice for twenty
generations by cutting their tails and breeding
them. All mice bom were with tail Weismann
proved his germplasm theory that change in the
somatoplasm will not be transferred to the next
generation bat changes in the germplasm will
be inherited.
Neo-Lamardkism

The followers of Lamarck
(Meo-Lamarckists) like Cope, Osborn, Packard
and Spencer tried to explain Lamarck’s theory
on a more scientific basis. They considered that
adaptations are universal Organisms acquire
new structures dee lo their adaptations to
the changed environmental conditions. They
argued that external conditions stimulate the
somalic cells to produce cerizin ‘secrelions’
which reach the sex cells through the blood and
bring about variations in the offspring.
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6.5.2 Darwin's theory of Natural
Selection

Charles Darwin explained the theory of
evolution in his book “The Origin of Species by
Matural Selection’. During his journey around
the Earth, he made extensive observations of
plants and animals. He noted a hoge varicty
and remarkable similarities among organisms
and their adaptive features to cope up to their
environmenl. He proved that fittest organisms
can survive and leave more progenies than the
unfit ones through natural selection.

Darwin’s theory was based on several facts,
observations and infloences. They are:
1. Over production (or) prodigality of

production

All living organisms increase their
population in larger number. For example,
Salmon fish produces about 28 million eggs
during breeding season and if all of them hatch,
the seas would be f[lled with salmon in few
generations. Elephant, the slowest breeder that
can produce six young ones in its life time can
produce 6 million descendants at the end of 750
years in the absence of any chedk.

2. Struggle for existence

Organisms struggle for food, space and
mate. As these become a limiting factor,
competilion exists among the members of
the population. Darwin denoted struggle for
cxistence in three ways —

Intra specific struggle between the same
species for food, space and mate.

Inter specific struggle with different species
for food and space.

Strugple with the environment o cope
with the climatic variations, flood. earthquakes,
drought, etc.,

3. Universal occurrence of variations

No two individuals are alike. There are
variglions cven in identical twins. Even the
children born of the same parents ditfer in coloor,
height, behavior, etc, The wseful variations
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found in an organism help them to overcome
struggle and such variations are passed on to the
next genetalion.
4. Origin of species by Natural Selection
According to Darwin, nature is the most
poweriul selective force. He compared origin
of species by natural selection to a2 small
isolated group. Darwin believed that the
struggle for existence resulted in the survival
of the fittest. Such organisms become better
adapted to the changed environment.

Objections to Darwinism
Some objections raised against Darwinism
WETE —

+ Darwin failed to explain the mechanism
of variation.

« Darwinism explains the sorvival of the
fittest but not the arrival of the finest.

« He locused on small flucinating variations
that are mostly non-heritable.

« He did not distinguish between somatic
and germinal variations.

« He could not explain the occurrence of
vestigial organs, over specialization of
some organs like large usks in extinct
mammoths, oversized antlers in the
extinct Irish deer, elc.,

Neo Darwinism

Neo Darwinism is the interpretation
of Darwinian evolution through Natural
Selection as it has becn modified since it
was proposed. Mew facts and discoveries
gbout evolution have led to modifications
of Darwinism and is supported by Wallace,
Heinrich, Haeckel, Weismann and Mendel.
This theory emphasizes the change in the
frequency of genes in population arises due
to mutation, variation, isolation and Natural
sclection.
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6.5.3 Mutation theory

Hugo de Vries put forth the Mutation
theory. Mutations are sudden random changes
thatococur in anorganism that is not heritable. De
Vries carried out his experiments in the Evening
Primrose plant (Oenothera lamarckiona) and
observed variations in them due to mutation.

According to de Vries, sudden and large
variations were responsible for the origin of new
specics whereas Lamarck and Darwin believed
in gradual accumulation of all variations as the
causative factors in the origin of new species.

Hugo de Vries believed that Mulations
are random and directionless, but Darwinian
variations are small and directional.

are doe to Muotation and called saltation

(single step large Mutation).
Salient features of Mutation Theory

« Mutations or discontinuous variation are
transmitied to other generations.

« Innaturallybreeding populations, mutations
occur from time to time.

« There are no intermediate forms, as they are
fully fledged

« They are strictly subjected 1o matural
selection.

6.5.4 Modern synthetic theory
Sewcll Wright, Fisher, Mayer, Huxley,

Dobzhansky, Simpson and Haeckel explained
Matural Selection in the ﬁ.EhlumeL—DmFﬁ:liﬂn
discoveries. According to this theory gene
mutations, chromosomal mutations, genetic
recombinations, natural  sclection  and
reproductive isolation are the five basic factors
involved in the process of organic evolution.

i. Genemutation refers to the changes in the
structure of the gene. It is also called gene/
point mutation. It alters the phenotype of
an organism and produces variations in
their offspring.
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ii. Chromosomal mutation mefers to the
changes in the stimociure of chromosomes
due to deletion, addition, duplication,
inversion or translocation. This too alers
the phenotype of an organism and produces
variations in their offspring.

ii. Genetic recombination = due to crossing
over of genes during meiosis. This brings
about genctic variations in the individuals
of the same species and leads o heritable

iv. Matural selection does not produce any
genetic variations bat once such variations
occur it favours some genetic changes while
rejecting others {(driving force of evolution).

¥. Reproductive isolation helps in preventing
interbreeding between related organisms.

6.5.5 Evolution by anthropogenic

SOUrces

Natural Selection (Indostrial melanism)

MNatwral selection can be explained
clearly through industrial melanism. Industrial
melanism is a classical case of WNatural
selection exhibited by the peppered moth,
Bistom betularia. These were available in two
forms, white winged and black winged. Before
and black coloured were common in England.
Pre-industrialization wilnessed more  white
winged moths than dark winged moths becanse
of the dense growth of white coloured lichens
on trees. They escaped from predators due to
the white background  Post-industrialization
caused the tree trunks became dark due W
smoke and soot ket out from the industries. The
lichen population also decreased because they
could not grow in polluted arcas. The white
winged moths were easily identified by their
predators as the background turned black due to
soot and smoke while the black winged moths
camouflaged with the dark background. Hence
the dark coloured moth population was selected
and their nomber increased when compared
to the while moths Mature offered positive

1 Evoition
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selection pressure to the black coloured moths.
The sbove proof shows that in a population,
organisms that can adapt will survive and
produce more progenics resulting in increase in
population through natural selection.
Artificial selection is a byproduct of human
exploilation of forests, oceans and fisheries or
the use of pesticides, herbicides or drugs. For
hundreds of years humans have selected various
typesof dogs. all of which are variants of the single
species of dog. If human beings can produce new
varieties in short period, then “mature® with
its vast respurces and long duration can easily
produce new species by selection.

6.5.6 Adaptive Radiation

The evolutionary process which produces
new species diverged from a single ancestral
form becomes adapted to newly invaded habitats
is called adaptive radiation. Adaptive radiations
are best exemplified in closely related groups that
have evolved in relatively short time. Darwins
finches and Australian marsopials are best
examples for adaptive radiation. When more
than one adaptive radiation ocours in an isolated
geographical area, having the same structural
and functional similarity it is due to convergent

evolntion.

Darwin’s finches

Their common ancestor arrived on the
Galapagos about 2 million years ago. During
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that time, Darwin's finches have evolved into
14 recognized species diflering in body size,
beak shape and feeding behavior. Changes in
the size and form of the beak have enabled
different species to utilize different food
resources such as insects, seeds, nectar from
cactus flowers and blood from iguanas, all
driven by Natural selection. Fig. 6.5 represents
some of the finches observed by Darwin.
Genetic variation in the ALX] gene in the
DNA of Darwin finches is associated with
variation in the beak shape. Mild mutation in
the ALX] gene leads to phenotypic change in
the shape of the beak of the Darwin finches.

Marsupials in Australia and placental
mammals in North America are two subclasses
of mammals they have adapled in similar way to
a particular food resource, locomotory skill or
climate. They were separated from the common
ancestor more than 100 million year ago and
cach lineage contlinued to evolve independently.
Diespite temporal and geographical separation,
marsupials in Australia and placental mammals
in North America have pmoduced varieties of
species living in similar habitats with similar
ways of life. Their overall resemblance in
shape, locomotory mode, feeding and foraging
are superimposed upon different modes
of reproduction. This feature reflects their
distinctive evolutionary relationships.

Ower 200 species of marsopials live
in Australia along with
many fewer species of
placental mammals.
The marsupials have
undergone  adaptive
radiation 1o occupy
the diverse habitats in
Australia, just as the
placental mammals
have radiated across
MNorth America.
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6.6 Mechanism of evolution

Microevolution (evolation om  a
small scale) refers to the changes in allele
frequencies within a  population.  Allele
[requencies in a population may change due 1o
four fundamental forces of evolution such as
natural selection, genetic drift. mutation and
gene flow.

G.6.1 Natural selection

It occurs when one allele (or combination
of alleles of differences) makes an organism
more or less fii to survive and reprodoce
in a given envimnmenL. If an allele redoces
f[tness, its frequencies tend to drop from one
gencration to the next

The evolutionary path of a given gene
ie., how its allele’s change in frequency in the
population across generation, may result from
scveral evolutionary mechanisms acting at
once. For example, one gene's allele frequencies
might be modified by both gene flow and
genctic drift, for amother gene, mutation
may produce a new allele, that is favoured by
natural selection (Fig. 6.6).

Selection
There are mainly thmee types of nataral
selection

i. Stabilising Selection {(centipetal selection):
This type of selection operates in a stable

Dank rock etvwinoniment

light grey beetles
are spothed and eaten
by Lebreks mecie afben

than dark ones

il

cnvironment  (Fig. 6.7a). The organisms
with average phenotypes survive whercas
the extreme individuals from both the ends
are eliminated. There is no speciation but the
phenotypic stability is maintained within the
population over generation. For example,
measurements of sparrows that survived
the storm dustered around the mean, and
the sparrows that failed to survive the
storm chustered around the extremes of the
variation showing stabiliring sedeciion.

Directional Selection: The environment
which undergoes gradual change is subjected
to directional selection (Fig. 6.7b). This type
of sclection removes the individuals from
one end towands the other end of phenotypic
distribution. For cxample, size differences
between male and female sparrows. Both
male and female ook alike extermally
but differ in body weight. Females show
directional selection in relation to body
weight.

Disruptive Selection (centrifugal selection):
When homogenous environment changes
into heterogenous environment this type
of selection is operational (Fig. 6.7c). The
organisms of both the extreme phenotypes
are sclected whereas individuals with
average phenotype are eliminated. This
results in splitting of the population into

Mext generalion

If "X is eaten by
birds then onby
SUNVIVONS reproduce

o

Fig 6.6 Natural selection
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Fig 6.7 Operation of natural selection on different traits (a) Stabilising (b) Directional and (c) Disruplive

snb population/species. This is a rare form
of selection but leads to formation of two
or more different species. It is also called
adaptive radiation. Eg. Darwin's finches-
beak size in relation to seed size inhabiting
Calapagos islands.
Group selection and sexual selection are
other types of selection. The two major group
selections are Altrusim and Kin selection.

6.6.2 Gene flow

Movement of genes through gametes or
movement of individuals in (immigration) and
out (emigration} of a population is referred (o as
gene flow. Organisms and gametes that enter the
population may have new alleles or may bring
in existing alleles but in different proportions
than those already in the population. Gene fow
can be a strong agent of evolution (Fig 6.8).

Fig 6.8 Gene flow

Evoiudion gL
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6.6.3 Genetic drift / Sewall
Wright Effect

Genetic drift is a mechanism of evolution
in which allele frequencies of a population
change over generation doe to chance
(sampling error). Genetic drift occurs in all
population sizes, but its effects are strong in a
small population (Fig. 6.9). It may result in a
loss of some alleles (including beneficial ones)
and fixation of other alleles. Genetic drift
can have major effects, when the population
is reduced in
due o bottle neck effect or when a small

size by mnatural disaster

group of population splits from the main
population to form a new colony due to
founder’s effect.

D= o chance
eveEnts, coly
hese 3 et

" ! ghesrszt MO0 gEOEmTian
-
Aet— 3%
1.1 an ﬁ- ﬁ t

Freguency of 4= 00
Freguency ofa=1.0

Freguency of & = 0.3
Enequency af &8 = .7

Fig 6.9 Genelic drifi
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6.6.4 Mutation

Although mutation is the original source
of all genetic variation, mutation rate for
most organisms is low. Hence new mutations
on an allele frequencies from one generation
to the next is usually not large.

6.7 Hardy - Weinberg Principle

In nature, popolations are usuoally
evolving such as the grass in an open meadow,
wolves in a forest and bacteria in a person’s
body are all natural populations. All of these
populations are likely to be evolving some
of their genes. Evolution does not mean that
the population is moving towards perfection
rather the population is changing its genetic
makenp over generations. For example in a
woll population, there may be a shift in the
frequency of a gene variant for black fur than
grey fur. Sometimes, this type of change is
due to natural selection or due to migration
or due to random events.

First we will see the set of conditions
required for a population not to evolve. Hardy
of UK and Weinberg of Germany stated that
the allele frequencies in a population are
stable and are constanl from generalion
to peneration in the absence of gene flow,
genelic drift, muotation, recombination and
natural selection. If a population is in a state
of Hardy Weinberg equilibrinm, the frequencies
of alleles and genotypes or sets of alleles in that
population will remain same over generations.
Evolution is a change in the allele frequencies
in a population over lime. Hence population in
Hardy Weinberg is not evolving

Supposc we have a large popuolation of
beetles, (infinitely large) and appear in two
colours dark grey (black) and light grey. and
their colour is determined by A’ gene. ‘AN
and ‘Aa’ beetles are dark grey and ‘aa’ beetles
are light grey. In a population let’s say that A
allele has frequency (p) of 0.3 and ‘2" allele has
a frequency (q ) of 0.7. Then p+g=1.
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If a population is in Hardy Weinberg
equilibrium, the penotype [requency can
be estimated by Hardy Weinberg equation.
(p+gqP=p"+2pg+ ¢

p’ = frequency of AA

2pg= [requency of Aa

g*= frequency of aa

p =03, q =07 then,
pP={03F=000=9%AA

2pq = 2(0.3) (0.7) = 042 = 42 % Aa

F=(07F 049=49% aa

Hence the beetle population appears to
be in Hardy- Weinberg equilibrinm. When
the beetles in Hardy- Weinberg equilibrium
reprodoce, the allele and genotype frequency
in the next generation would be: Let’s assume
that the frequency of ' and % allele in the
pool of gametes that make the next generation
would be the same, then there would be
no varigtion in the progeny. The genotype
frequencies of the parent appears in the next
peneration. {(ie. 9% AA, 42% Aa and 49% aa).

If we assume that the beetles mate
randomly (selection of male gamete and
female gpamete in the pool of gametes), the
probability of getting the offspring genotype
depends on the genotype of the combining
parental gametes.
Hardy Weinberg's assumptions include

No mutation - No new alleles are generated
by mutation nor the genes get duplicated or
deleted.

Random mating - Every organism gets a
chance to mate and the mating is random
with cach other with no preferences for a
particular genotype.

No gene flow - MNeither individuals nor
their gametes enter (immigration) or exit
(emigration) the population.

Very large population size - The population
should be infinite in sixe.

gl Evoition
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Mo natural selection- All alleles are fit to
survive and reprodoce.

If any one of these assumplions were not
met, the population will not be in Hardy-
Weinberg equilibrium. Only if the allele
frequencies changes from one generation to

the other, evolution will take place.

6.8 Origin and Evolution of Man

Mammals evolved in the E‘ 2
carly Jurassic perind, about guiiest=ig
210 million years ago (mya). 3 SO GEA
Hominid evolution occurred &L

in Asia and Africa Hominids “E.h

proved that buman beings
are superior o other animals and eflicient in
making toods and culture.

The eardiest fossils of the prehistoric man
like Ramapithecws and Sivapithecus lived
some 14 mya and were derived from ape like
Dryapithecus. Dryopithecus and Rawapithecus
were hairy and walked like gorillas and
chimpanzees. Ramapithecus is regarded as
a possible ancester of Awstralopithecus and
therefore of modern homans They were
vegrlarians (Fig 6.10).

Australopithecus lived in East African
grasslands about 5 mya and was called the

= B ||__

Auvstralian ape man. He was shout L5 meters
all with bipedal locomotion, ommnivorous,
semi erect, and lived in caves. Low forchead,
brow ridges over the eyes, protruding face,
lack of chin, low brain capacity of about 350 -
450 ¢c, human like dentition, lumbar curve in
the vertebral column were his distinguishing
featares.

Homo habilis lived about 2 mya Their
brain capacity was between 650 — 800cc, and
was probably vegetarian They had hbipedal
locomotion and used tools made of chipped

stonee

Homo erectus the first human like being was
around 1.7 mya and was much closer to huoman
in kooks, skull was flatter and thicker than the
modern man and had a large brain capacity of
around 900 cc. Homo erectus probably ate meat
Homo ergaster and Homo erecius were the first
to leave Africa

Meanderthal huoman was found in Neander
Valley, Germany with a brain size of 1400 cc
and lived between 34,000 - 1,00,000 years
ago. They differ from the modern homan in
having semicrect posture, flat cranium, sloping
forchead, thin large orbits, heavy brow ridges,
protruding jaws and no chin. They used animal
hides to protect their bodies, knew the use of

af5 A

RBomapithecws  Asstralopitheces  Homo habilis  Home erectus Meanderthal man

Flomeo safens

Fig 6.10 Evolution of Man
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fire and buried their dead. They did not practice
agriculture and animal domestication.

Cro-Magnon was one of the most talked
forms of modern human found from the rocks
of Cro-Magnon, France and is considered as
the ancestor of modern Europeans. They were
nol only adapted to various environmental
conditions, but were also known for their cave
paintings, figures on floors and walls.

Homo sapiens or modern human arose
in Africa some 25,000 years apo and moved
o other continents and developed into
distinct races. They had a brain capacity of
1300 - 600 cc. They started cultivaling crops
and domesticating animals.

6.9 Isolating Mechanism

Isolation is the separation of the members
of a single population into sub populations so
that genetic integrity of the subpopulation can
be maintained. Closely related species living in
the same area do not breed together; they are
prevented by isolating barriers. An isolating
barrier is any evolved characterof the two species
that stops them from interbreeding. Several
kinds of isolating barriers are distinguished. The
most important distinction is Prezygotic and
post zygotic isolation. Prezygotic mechanisms
include those which prevent two species from
coming inlo contacl. This includes ecological,
seasonal, ethological and morphological. Post
rygotic mechanisms are those which act after
fertilization that include hybrid sterility, hybrid
inviability and hybrid breakdown.
Pre-zygotic Mechanism
i. Ecological isolation or habital isolation -

the members of the same population may be

separaied from one another by a differences
in their habital. For example Rama arenlala
occupies burrows dug by mammals and
tortoises doring the day and breeds in
grassy shallow ponds whercas Rana grylio
breeds in decp waters. Duc to the difference

in their habitat the two species are able o

maintain their respective species identities.
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il. Secasonal isolation - In this type of isolation,
difference in the breeding seasons prevents
interbreeding. Eg. Toad, Bufo americanus
breeds much early in the spring; whereas
Bufo fowleri breeds very late in the season.
They are able to maintain their species
identity becanse of the diferences in the

iii. Sexual o rthﬂupcﬂ isolation/
Bchavioural isolation — Prevents mating
duc to the difference in their sexual
behavior The species are nol separated from
one another either in time or in space. The
mating calls of two closely related species
of frogs, Hya versicolor (grey tree frog) and
Hyla femoralis (pine wood tree frog) are
ditferent which prevents interbreeding.

iv. Morphological isolation or mechanical
isolation — This type of isolation is due to
the differences in their external genitalia
that is seen in two ditferent species. The size
ditference between the toad species Bufo
guercicus and Bufo valliceps, prevents their
interbreeding.

v. Physiological isolation -Though mating

may occur, the gametes are prevented
from fertilization due to mechanical or
physiological factors. Ejg. The sperms of
Drosophila wirilis survive only for about
1 day when imtroduced into the sperm
receplacke of Drosophila americana while
the sperms of Drosophila americana live for

a longer Lime.

vi. Cytological isolation — Fertilization does

not take place due to the differences in the
chromosome numbers between the two
species, the bull frog Rang cateshiana and

gopher frog Rana areolata.

Post-zypotic Mechanism

i. Hybrid inviability — In this type, the sperm
enters the egg, fertilization occurs and the
embryo develops into the adult but it dies
before reaching maturity. In ceriain fshes,

1&r Evoition
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frogs. bectles, even if fertilization takes
place between two species, due o genetic
incompatibility they do nol leave any
surviving offspring.

ii. Hybrid sterility - In this type, hybrids are
formed due to inter specific crosses but
they are sterile due to the failure of the
chromosomes (o segregate normally during
meiosis, example Mule (inter specific cross
between a horse and a donkey).

iii. Hybrid breakdown - FI Hybrids are viable
and fertile, but F2 hybrids may be inviable
or sterile.

6.10 Speciation

The process by which one species evolves into
one or more different species is called speciation.
AE Emerson defines species as a ‘genetically
distinctive, reproductively  isolated  natural
population’ Speciation is a fundamental process in
evolution. Evolution of a new species in a single
lincagr is cafled an agenesis / phyletic speciation.
If one species diverges 1o become two or more
specics it is dladogenesis or divergent evolution.
6.10.1 Sympatric speciation/
Reproductive isolation

It is a2 mode of speciation through which
new specics form from a single ancestral
species while both species continue o inhabit
the same geographical region. Two or more
species are involved. New species formed due
to genetic modification in the ancestor that is
naturally selected can no longer breed with the
parent population. Sexual isolation is strongest
Phenotypic plasticity has emerged as potentially
important first step in speciation initiated
within an isolated population.

A well studied example is the adaptation
of Apple magpots that feed on apples in Morth
America. When the apple trees were imported to
Morth America, Apple magpot flies (Rhagoletis
pomondla) a parasitic insect that normally laid
its eggs in the (it of wild hawthomns until
one subsel of population began to lay its cggs
in the fruit of domesticated apple trees { Malus
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domestica) that grew in the same area. This small
group of apple magpot flies selecied a different
offsprings became accustomed to domesticated
apples.

Phenotypic  plasicity is the ability of

single penotype o produce more than
ong phenotype. When this plasticity is

expressed seasonally in planktons, it is
referred to as cyclomorphosis.

6.10.2 Allopatric speciation/
Geographical speciation

It 5 a mode of speciation that occurs
when biological populations of similar species
become isolated from each other that prevents
gene flow. One species becomes two species
due to geographical barriers hence new species
is evolved eg Darwin's finches. The barriers
are land separation. migration or mountiain
formation. When barriers occur between species,
change in ecological conditions and environment
leads 1o adaptations that produce differences. IF
there are no adaptations, they will not survive.
Sexual isolation is weakest.

6.11 Extinction of Animals
Extinction

Extinction was common if not inevitahle
because species could not always adapt 1o large
or rapid environmental changes. The impact of
extinction can conveniently be considered at
three levels.

Species extinclion climinates an entire
species. by an environmental event (flood
etc..) or by biological event (disease or non
availability of food resource half or more).

Mass extinction climinates half or more
species in a region or ecosystem, as might occur
following a wolcanic eruption. Frve major mass
extinction that occarred since the Cambrian
perindl. ‘This mass extinction is often refermed to
a5 K-T extinction. Table 6.2 represents the K-T
extincliom.
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Table 6.2 Details of the five major mass
extinctions since the Cambrian period

PR, |4-m !m :55
End of the Devonian | 365 |55 | 82
' Endofthe Permian | 245 |84 | 9%
End of the Triassic izm i5|:| | 76
EndoftheCretaceous | 65 (50 | 76

I—T]E'.*:ﬁn::l.innniql to the German

Global extinction eliminates most of the
specics on a large scale or larger taxomomic
groups in the continent or the Earth. Snow ball
Earth and extinction following elevation in COy
levels are example. Extinclion evenls opens up
new habitats and so can facilitate the radiation
of organisms that survived the mass extinction.

Summary
Evolutionary Biology is the study of history
of life forms on Earth which originated on Earth
millions of years ago. How Earth originated, how
life originated, what is the place of man in the
universe are all general questions. This chapter
deals with several theories o explain the life
on Earth. Evidence from the fossil record and
many other areas of biology like embryology,
anatomy and maolecolar biology indicates a
COMUMON ancestry.
The theories advanced by Lamarck,
Darwin, Hogo de Vries explained the intricate
evolulionary process. Geological time scale
with different eras, periods and epochs gives
an idea about the dominant species in those
days. The mathematical distribution of gene
and genotype frequencics remains constant in
a small population was contributed by Hardy
and Weinberg in 1608, Matural Selection and
gene pool are the imporiant factors those affect

Hardy Weinberg equilibrium.
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Human evolution states that humans
developed from primates or ape like ancestors.
The emergence of Homo sapiens as a distinct
specics from apes and placental mammals in
brain size, cating habit and other behavior
proves that ‘Ontogeny recapitulates Phylogeny”

Separation of a single population into its
subunits preserves the genetic integrity. Types
of isolating mechanism and speciation prevent
interbreeding of different species.  Various
causes of extinction of animals and the levels of
impact are dealt with in the lesson.

Evaluation
1} 'The fust hife on earth Jj
iy
dingr Bonlmd 8
c)inwater d) on mountain

Who published the book “Origin of species
by Matural Selection” in 18592
a) Charles Darwin b} Lamarck
) Weismann d) Hogo de Vrics
33 Which of the following was the contribution
of Hugo de Vies?
a) Theory of mutation
b} Theory of natural Selection
cl Theary of inheritlance of acquired
characters
d) Germplasm theory
4) The wings of hirds and butterflies is an
example of
a) Adaptive radiation
b} convergent evolution
c) divergent evolution
d) variation
3} 'The phenomenon of * Industrial Melanism™
demonstrates
a) Natural sclection
b} induced mautation
¢) reproductive isolation
d} geographical isolation
G) Darwins finches are an excellent example of
a} connecting links b} seasonal migration
¢} adaptive radiation d) parasitism

d
i
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1G5

11}

12}

1%)

14)

16}

17)

18)

a) Darwin b} Augunst Weismann

c) Lamarck d) Alfred Wallace

The age of fossils can be determined by

a) electron microscope

b) weighing the fossils

c) carbon dating

d) analysis of bones

Fossils are generally found in

a) igneons tocks  b) metamorphic rocks
c) volcanic rocks d) sedimentary rocks
Evolutionary history of an organism is called
a) ancestry b ontogeny

<) phylogeny  d) palcontology

The golden age of reptiles was

a} Mesozoic era b} Cenozoic era

c) Paleoeoic era d} Proterozoic era
Which period was called “Age of fishes™
a) Permian b} Triassic

¢) Devonian d) Ordovician
Modern man belongs 1o which period?

a) Quaternary b} Cretaceous

¢} Siburian d} Cambrian

The Neanderthal man had the brain capacity

al
a} 650 — 800cc
) S0cc

b) 1200cc
d) 1400cc

i According to Darwin, the organic evolotion

is due to

a) Intraspecific competition

b) Interspecific competition

c) Competition within closely related

Species.

d) Reduced feeding ethiciency in one species

due to the presence of interfering species.
A population will not exist in Hardy-
Weinberg equilibrium if

a) Individuals mate selectively

b) There are no muations

c} There is no migration

d} The population is large

List out the major gases seems to be found in
the primitive earth.
Fxplain the three major calegories in which

Evoiudion gl
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19)

20

. s |
L]

23}
4]

et
L]

26)

27)

29

3

1)

32)

1%)

M)

Ditferentiate  between divergent evolution
and comvergent evolution with one example
for each.

How does Hardy-Weinbergs expression
(p*+2pq+q’=1) explain that genetic
equilibrinm is maintained in a population?
List any four factors that can disturb the
genetic equilibriom.

| Explain how mutations, natural selection

and genetic drift affect Hardy Weinberg
equilibrium.

How did Darwin explain fitness of
oTganisms?

Mention the main objections to Darwinism.
Taking the example of Peppered maoth,
explain the action of natural selection.
What do you call the abowve phenomenon?

) Darwin's inchesand Australian marsupials

are suitable examples of adaptive radiation
— Justify the statement.

Who disproved Lamarcks Theory of
acquired characters? How?

How does Mutation theory of De Vries
differ from Lamarck and Darwins view in

| Explain stabilizing, direclional and

disruptive selection with examples.
Rearrange the descent in human evolution
Austrolopithecus — Homo erectus - Homo
sapiens -+ Ramapithecus — Homo habilis.
How does Neanderthal man differ from
the modern man in appearance?

Define isolaling mechanism and explain its
types with suitable examples.

Define  speciation  according to
AE. Emerson and explain its types giving
suitable examples.

{Give an account on the major causes for the
extinction of a particular species on carth.
Explain the three level of impact of
extinction of species.
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UNIT - 18

Human Health
and Diseases

Sneezing spreads diseases through the dropleis

m-nlﬂiﬂ of mucns

7.1 Common diseases in human beings
72 Maintenance of personal and public

hygicne he World Health Organization [WHO]
7.3 Adolescence - Drug and alcohol defines health as a2 state of complete
abuse physical, mental and social wellbeing and not
74 Mental health — Depression merely absence of diseases. We can also say

"HEALTH 1S WEALTH", when people are
healthy they are more efficient ai work. Health

increases longevity of people and reduces

7.5 Lifestyle disorders in human beings

@ infant and adult mortality. Personal hygiene, @
regular exercise and balanced diet are very
@ 1 A Obiecti important to maintain good health.
b Learns about various bacterial, 7.1 Common diseases in
virad, fumgal, profozoan and human beings
helminth diseases. Disease can be defined as a disorder or
malfunction of the mind or body. It invobres
gl o e morphological, physiclogical and psychological
e L disturbanceswhich may be due toenvironmental
» Learns the ill effects of drugs factors or pathogens or genetic anomalies or life

into infections and non infoctions types.

Discases which are transmitted from one

care and life styles person to another are called infectious discases
¥ Understands the importance of causing organisms are called pathogens
menial health and life style and are transmitted through air, water, food,
modifications to be followed for physical comtact and wvectors. The discase
their well being. causing pathogen may be virus, bacteria, fungi,

protozoan parasites, helminthic parasites, etc.,
Infections diseases are common and everyone
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Common human diseases

i l

¥ ¥ ¥

Bacterisl diseases  Viral diseases Fungal discases Protozoan Helminthic
« Dysentery « Common cold  « Candidiasis discases diseases
» Plague = Mumps = Athletes foot = Malaria = Ascariasis
« Diphtheria = Measles « Amoebiasis  « Filariasis
« Cholera = Viral hepatitis « African
« Typhoid = Denguc fever sleeping
+ Pneumonia « Chikungunya sickness

« Chicken pox » Kala-azar

« Poliomyelitis
suifers from such diseases at some time or the Bacierial restula

other. Most of the bacterial diseases are curahle
but all viral diseases are noL Some infectious

disease like ATIYS may be fatal.

MNon-infectious diseases are  nol
transmitted from an infected person
to a healthy person. In origin they may
be genetic (cystic [ibrosis), nutritional
(vitamin deficiency discases) and degencrative
{arthritis, heart attack, stroke}. Among non -
infectious diseases, cancer is one of the major
causes of death.

7.1.1 Bacterial and viral diseases
Bacterial diseases

Though the number of bacterial
species is very high, only a few bacteria are
associated with human diseases and are called
pathogenic bacteria. Such pathogens may
emil toxins and affects the body. Common
pathogenic bacteria and the bacterial diseases
are given in table 7.1.

Bacteria spread throogh air, water or
by inhaling the droplets/acrosols or even
by sharing utensils, dresses with an infected
person.  Typhoid fever can be confirmed by
Widal test.

Viral diseases
Viruses are the smallest intracellular
obligate parasites, which multiply within
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If an anotibiotic is used too often to
fight a specific bacterial infection, the
bacteria may become resistant 1o the
antibiotic can no longer be nsed to
bacteria have developed resistance 1o
caused by these bacteria are difficalt to
be cured.
reduced by abserving the following steps
« Avoid using antibiotics to treat minor

infections that can be taken care by our
= Do not use an antibiotic to treat viral

Skipping doses or failing to complete

resistance to develop.

living cells. Outside the living cells they
cannot carry out the characteristics of a
living organism. Viruses invade living cells,
forcing the cells to create new viruses. The

new viruses break out of the cell, killing it
and imvade other cells in the body, causing

113 Heaman Heslth 2nd Tiseases
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Tahle 7.1. Bacterial discases in human beings
5. Diseases Camsative agent  Site of Mode of Symploms
Na infection  transmission
1 Shigellosis Shigeila sp. Intestine Food and water | Abdominal pain,
(Bacillary contaminated dehydration, blood
dysentery) by faeces | and mucus in the
faecal oral route | stools
2 Bubonic Yersimia pesiis Lymph Rat flea vector- | Fever, headache,
plague nodes Xenopsylla and swollen lymph
{ Black death) cheopis nodes
3 Diphtheria Corymebacterium | Larynx, Droplet Fever, sore throat,
diphtheriae skin, nasal | infection hoarseness and
and genital difficulty in
passage breathing
4 Cholera Vibrrio cholerae Intestine Contaminated Severe diarrhoea
food and water/ | and dehydration
faccal oral route
= Tetanus Clostridium Spasm of | Through wound | Rigidity of jaw
{ Lock jaw) fetani muscles infection muscle, increased
heart beat rate
and spasm of the @
muscles of the jaw
and face
6 | Typhoid Saimomella typhi | Intestine | Through Headache,
{ Enteric fever) conlaminated abdominal
food and water | discomfornt, fever
and diarrhoea
7 Pneumonia Strepiococcus Lungs Droplet Fever, cough,
pReumoniae infection painful breathing
and brown sputum
8 | Twberculosis | Mycobacterium | Lungs Droplet Thick
tuberculosis infection mucopuralant
nasal discharge

diseases in human beings. Rhino viruses cause

one of the most infectivus human ailment

150 different stralns of Rhino viruses.
More over thelr RNA genome keeps

«changing due to mutation. Henoe 1t is very
difficult to prepare a common vaccine for

lammzn Hiesith sad [Rspases
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called the “Common cold”™.

Viral diseases am generally grouped
into four types on the basis of the symploms

produced in the body organs.
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Tahle: 7.2 Viral discases in human beings

5. Discases Cansntive Site of Mode of Symptoms
No agent imfect bom transmission
I Common cold | Rhino viruses | Respiratory Droplet Masal congestion
tract infection and discharge, sore
throat, cough and
headache
2 Mumps Mumps virus | Salivary glands | Saliva and Enlargement of the
(RNA virus), droplet parotid glands
Paramyxo infection
Virls
3 Measles Rubeola virus | Skin and Droplet Sore throat,
(RMNA virus), | respiratory infection running nose,
Paramyxo tract cough and fever,
virus reddish rashes on
the skin, neck and
CArs
4 | Viral hepatitis | Hepatitis - B | Liver Parenteral | Liver damage,
Viris route, blood | jaundice, nauseas,
transfusion yellowish eyes,
& fever and pain in i
the abdomen
5 Chicken pox Varicella Respiratory Droplet Mild fever with
-Zosler virus: | tract, skin and | infection and | ilchy skin, rash and
{IDNA Virus ) | nervous system | direct contact | blisters
6 Poliomyelitis Polio virus Intestine, Drroplet Fever, muscular
(RNA virus) braim, Bp'm:n] infection stiffness and
cord through weakness, paralysis
faecal oral and respiratory
route failure
7 Dengue fever | Dengue wirus | Skin and blood | Mosguito Severe flo like
{Break bone or Flavi virus vector illness with a
fever) (DENYV 1-4 Ardes aegypii | sudden onset of
viriis) fever and painful
headache, muscle
and joint pain
8 Chikungunya | Alpha virus | Nervous Mosquito Fever and joint
{Toga virus) | system veclor pain, headache and
Aedes negypti | joint swelling
116 Humman Heslth and Tizessas
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Nipah virus 15 a zoonollc virus
(transmitted from antmals o humans) and
also transmitted through contaminated
food. In Infected people, It causes a range
of illness from asymptomatic infection
to acute respiratory illness and fatal

i Pnecumotropic diseases (respiratory
tract infected by influrnza)

ii. Dermotropic discases (skin and

subcutanecous tissues affected by chicken pox
and measles)

iii Viscerotropic diseases (blood and
visceral organs affected by yellow fever and
dengue fever)

iv. MNearotropic  diseases  (central
nervous system affected by rabies and polio).
Some common viral diseases of human beings
are given in table 7.2.

flu was firsl

po Swine
- Tecognised in the 1919
- pandemic and still circolates

as a scasonal flu virus. Swine

flu is cansed by the HINI
virus strain. Symptoms include fever, cough,
sore throat, chills, weakness and body aches.

Children, pregnant women and the cldedy
are al risk from severe infection.

7.1.2 Protozoan diseases
About |5 genera of protozoans live as
parasites within the human body and cause

diseases.

liman liesith sad [$spases 118
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Amochiasis also called amoebic dysentery
or amoebic colitis is caused by Emfamoeba
histolytica, which lives in the human large
intestine and feeds on mucus and bacteria
(Fig. 7.1). Infective stage of this parasite is the
trophozoite. which penetrates the walls of the
host intestine (colon) and secretes histolytic
enrymes causing  ulceration,  bleeding,
abdominal pain and stools with excess mucos.
Symptoms of amochiasis can range from
diarrhora o dysentery with blood and muocus
in the stool. House flies (Musca domrestica)
acts as a carrier for transmilting the parasite
from contaminated facces and water.

T
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Fig. 7.1 Emlamoeba histolylica

African sleeping sickness is caused
by Trypamosoma species. Trypanosoma is
generally transmitted by the blood sucking
Tselse flies. Three species of Trypanosoma
cause sleeping sickness in man.

I. T gambiense is transmitted by Glossina
palpalis (Tsetse fly) and causes Gambian or
Central African sleeping sickness (Fig. 7.2).

2. T rhodesiense is transmitted by Glossina
morsitans causing Rhodesian or East
African slecping sickness.

3. T ouzi is transmitted by a bug called
Triatoma megista and causes Chagas discase
or American Lrypanosomiasis,

Kala - arar or visceral leishmaniasis
is caused by Leishemamia domovani, which
is transmitted by the wvector Phlebotomus
(sand fly). Infection may occur in the endothelial
cells, bone marrow, liver, lymph glands and

TETRONE AR | |_



Fig. 7.2. Trypanosmna gambiense
blood vessels of the spleen. Symptoms of Kala
arar arc weight loss, anaemia, fever, enlargement
of spleen and liver.

Malaria is caused by different types of
Plasmodium species such as P vivax, P ovale,
P malariae and P falciparum (Table 7.3).
Plasmodium lives in the RBC of human in its
mature condition it is called as trophozoite. It
is transmited from one person o another by the
bite of the infected female Anopheles mosquito.

Life cycle of Plasmodium

Plasmodium vivax is a E
digenic parasite, imvolving two
hosts, man as the secondary
host and female Amopheles 5

mosquile as the primary host "E
The life cycle of Plasmodimm
imvolves  three  phases namely  schizogomy,
gamogony and sporogony (Fig. 7.3).

The parasite first enters the human blood
stream through the bite of an infected female
Amopheles mosguito. As it feeds, the mosguito
injects the saliva containing the sporozoites. The
sporozoite within the blood stream immediately
enters the hepatic cells of the hver. Further in
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the liver they undergo multiple asexual fission
{schizogony) and produce merozoites. After
being released from liver cells, the merozoites
peneirate the REC's.

Inside the REC, the merozoite begins
o develop as unicellular trophozoites. The
trophozoite grows in size and a central
vacuode develops pushing them to one
side of cytoplasm and becomes the signet
ring stage. The trophozoite nuclews then
divides asexually to produce the schiront.
The large schizont shows yellowish - brown
pigmented granules called Schuffners
granules. The schizont divides and produces
mononacleated merozoites. Eventually the
erythrocyte lyses, releasing the merozoites
and haemozoin toxin into the blood stream
to infect other erythrocytes. Lysis of red
blood cells results in cycles of fever and
other symptoms. This erythrocytic stage is
cyclic and repeats itself approximately every
48 to 72 hours or longer depending on
the species of Plasmodium involved. The
sudden release of merozoites triggers an
attack on the RBCs. Sometimes, merozoites

differentiate into macrogametocyles and
microgametocyles. When these are ingested
by a mosquito, they develop into male and
[emale gametes respectively.

In the mosquitos gut, the infected
crythrocytes lyse amd male and  female
gametes fertilize to form a diploid zygote
called ookinete. The ookinete migrates to the
mosquito’s gut wall and develop into an oocyte.
The oocyte undergoes meiosis by a process
called sporogony to form sporozoiles. These
sporozoites migrate t© the salivary glands of
the mosquito. The cycle is now completed and
when the mosguito bites another human host,
the sporozoites are injected and the cycle begins
2 New.

The pathological changes caused by
malaria, affects not only the erythrocytes
but also the spleen and other visceral organs.
Incubation period of malaria is about 12 days.

"7 Heaman Heslth 2nd Tiseases
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Fig. 7.3 Life cyde of Plasmodisum

The early symptoms of malaria are headache,
nausea and muscular pain.

The classic symptoms first develop
with the synchronized release of merozoites,
haemozoin toxin and erythrocyte debris
into the blood stream resulting in malarial
paroxysms — shivering chills, high fever
followed by sweating. Fever and chills are
caused partly by malarial toxins that induce
macrophages to release twmour necrosis
factor {TNF-a) and interleukin.

Prevention
It is possible 1o break the transmission
cyde by killing the insect vector. Mosquitoes
lay their eggs in water. Larvae hatch and
develop in water but breathe air by moving to
the surface. (il can be sprayed over the water
surface, to make it impossible for mosquito
larvae and pupae to breathe.
Ponds, drainage ditches and other
permanent bodies of water can be stocked

Table 7.3 Types of malaria
L Na Types of Malaria Comsafiveagent ~ _ Dhrition ::*
| Tertian, benign tertian or vivax malaria | P vivax 48 hours
2 (Juartan malaria P malariae 72 hours
3 Mild tertian malaria P ovale 48 hours
4 Malignant tertian or quotidian malaria | P falciparum 36 — 48 hours

liman liesith sad [$spases 118
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with fishes such as Cambusia which feed on
mosquito larvae. Preparations conlaining
Bacillus thuringiensis can be sprayed to kill
the mosquito larvae since it is not toxic to
other forms of life. The best protection against
malaria is to avoid being bitten by mosguito.
People are advised to use mosquito nets, wire
gauging of windows and doors to prevent
mosguito bites.

In the 19505 the World Health
Organisation (WHO) introduced the Malaria
eradication programme. This programme
was nol successful due w the resistance of
Flasmodium to the drags used to treat it and
resistance of mosquitoes W DDT and other
insecticides.

7 Malaria vaccine 1s used
Lo preveni malarla.

The only approved

vaccine as of 2015 1s

RTS.S{Mosquirix). It
requires four Injections and has
relatively low efficacy (26-50%). Due
to this low efficacy, WHO does not
recommend the use of RTS.S vaccine
in babies between 6 and 12 weeks

of age.

7.1.3 Fungal diseases

Fungi was recognized as a causative
agent of human diseases much earlier than
bacteria Dermatomycosis is a cutaneous
infection caused by fungi belonging to the
genera  Trichophylon, Microsporum  and
Epidermophyton.

Ringworm is one of the most common
fungal disease in humans (Fig. 7.4).
Appearance of dry, scaly lesions on the skin,
nails and scalp are the main symptoms of the
disease. Heat and moisture help these fungi
to grow and makes them to thrive in skin
folds such as those in the groin or between
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the toes. Ringworms of the feet is known
as Athlete’s fool caused by Timen pedis

(Fig. 7.5). Ringworms are generally acquired
from soil or by using clothes, towels and comb

used by infected persons.
P
Fa

3

Fig. 7.4 Symptoms of ringworm

Yon?

Fig. 7.5 Symptoms of Athlete’s foot

7.1.4 Helminthic diseases

Helminthes are mostly endoparasitic in
the put and blood of human beings and canse
discases called helminthiasis. The two most
prevalent helminthic diseases are Ascariasis and
Filariasis.

=,

Ascaris is a4 monogenic parasite and
exhibits sexual dimorphism. Ascariasis is a
disease cansed by the intestinal endoparasite
Ascaris [umbricoides commonly called the
round worms (Fig. 7.6). It is transmitted
through ingestion of embryonated eggs through
contaminated food and water. Children playing
in contaminated soils are also prone 1o have a
chance of transfer of eggs from hand to mouth.
The symptoms of the disease are abdominal
pain, vomiling, headache, anaemia, rritability

114 Heaman Heslth 2nd Tiseases
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j:Hn=.f infection cam  cause
Fi ..__,_f’f nutritional defciency
. and severe abdominal
f ' pain and causes stunted
growth in children
i It may also cause
A I cnteritis, hepatitis and
"_—_r' J bronchitis.
== | Filariasis is
HE'?‘E' | caused by Wuchereria
mlli:lm] Sl bancrofti, commonly
female worm called hilarial worm. It

is found in the lymph
vessels and lymph nodes of man (Fig. 7.7).
Wichereria  bancrofti is sexually dimorphic,
viviparous and digenic. ‘The life cycle is
completed in two hosts, man and the female
Culex mosquito The female filarial worm gives
rise 1o juveniles called microfilariac larvac.
In the lymph glands, the juveniles develop into
adults. The accumulation of the worms block the
lvmphatic system resulting in inflammation of
the lymph nodes. In some cases, the obstruction
of lymph vessels causes elephantiasis or lariasis

of the limbs, scrotum and mammary glands
(Fig. 7.8).

Fig. 7.7 Wuchereria  Fip. 7.8 Chronic

inflammation of the
lower limbs

bancrofii
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7.2 Maintenance of personal and

public hygiene

Hygiene is a set of practices performed

to conserve good health. According to the World
Health Organization (WHO), hygiene refers to
“conditions and practices that help to maintain
health and prevemt the spread of discases”
Personal hygiene rmefers W mainlaining
onc’s body clean by bathing, washing hands,
timming fngernails, wearing dean cdothes
and also includes attention 1o keeping surfaces
in the home and workplace, including  toilets,
bathroom facilities, clean and pathogen-free

Our public places teem with infection,
conlamination and germs. It seems that every
surface we touch and the air we breathe are with
pollutaniz and microbes. It's not just the public
places that are unclean, but we might be amared
ot the number of people who do not wash their
bands before taking food. after visiting the
restroom, or who snecze without covering their
faces. Many infectious diseases such as typhoid,
amoehiasis and ascariasis arc transmitted
through contaminated food and water.

Advancement in science and technology
provide effective controlling measures for
many infectious and non-infections diseases.
The use of vaccines and adopted immunization
programmes have helped to eradicate small pox
in India. Moreover a large number of infectious
diseases like polio, diphtheria, pncumonia
and tetanus have been controlled by the use of
vaccines and by crealing awareness among the

people.

7.3 Adolescence - drug and
alcohol abuse

Adolescence begins with a period of
rapid physical and sexual development called
puberty 10 maturity at 12 to 19 yrars of age.
Adolescence is also a highly dynamic period of
psychological and social changes in individuals.
Adolescents are vulnerable to group (peer)
pressure and many youngsters are pushed into
experimenting with drugs and alcohol. Proper
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education and guidance would enable youth
o say no to drugs and alcohol and to follow a
healthy life style.

Abcohol is a psychoactive drug, which
acts on the brain, affecting a person’s mind and
behaviour. It is a depressant, which slows down
the activity of the nervous system. The intake
of certain drugs for a purpose other than their
normal dinical use in an amount and frequency
that impair ones physical, physiological and
psychological functions is called drup abuse.

The drugs which are commonly abused
include opioids, cannabinoids, coca-alkaloids,
barbitorates, amphetamines and LSD.

Owpioids are drugs which bind to specific
opinid receplors present in the central nervons
system and intestinal tract. Heroin {smack) is
chemically diacetyl morphine, which is white,
odourless and bitter crystalline compound. It
is oblained by acetylation of morphine, which
is extracted from flowers of the poppy plant
(Fig. 7.9). Morphine is one of the strongest

a2

\ ',

e’
Fig. 7.9 Opinm plant (poppy plant)
Table 7.4 Classification of drogs

= B ||__

pain killer and is used during surgery. It is the
most widely abused narcotic drug which acts as
a depressant and slows down body functions.

Cannobinoids are a group of chemicals
obtained from Canmalbis saliva, the Indian hemp
plant {Fig. 7.10). Natural cannabinoids are
the main source of marijuana, ganja, hashish
and charas. It interferes in the transport of the
neurotransmitter, dopamine and has a potent
stimulating action on the CNS, producng
increased energy and a sense of euphoria

'r al s M - \IH— gy

Fig. 7.10 Cannabis sativa (Hemp plant)
Cocaine is 2 while powder that is obtained
from the leaves of the coca plant, Erythroxylum
ooca. iscommonly called coke orcrack. Cocaine
problems  including  hallocinations and
paranaia. The other plants with hallucinogenic
properties are Afropa belladonna and Daiura
(Fig. 7.11 and Fig. 7.12).

Groap D Effects
i Amphetamines, cocaine, . .
Stimulants T e T Accelerates the activity of the brain
Alcohol, Barbiturates, . )
Depressants Trancilizers Slows down the activity of the brain
Marcotic/ i i Act as depressants on the Central
Analgesics Chpiain Bl Mervous System
_ Lysergic acid diethylamide Dristorts the way one sees, hears and
Hallucinogens | (o), Phencyclidine feels
Stimulants, ) . .
Stimulating action on the CNS and affect
Diepressants, Bhang { Marijuana), GGanja, Charas : o i
: the cardiovascolar system
Hallucinogens
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: Fig. 7.12 Datura
belladonna

Dirugs like methamphetamine,
amphetamines, barbiturates, tranquilizers,
Lysergic acid diethylamide (LS5} are
normally used as medicine to treal patients
with mental illness like depression and
insomnia and are often abused.

Tobacco is smoked, chewed and
used as snuff. It increases the carbon
monoxide content of blood and reduces
the concentration of haem bound oxygen,
thus causing oxygen deficiency in the body
Tobacco contains nicotine, carbon monoxide
and tars, which cause problems in the heart,
lung and nervons system. Adrenal glands are
stimulated by nicotine to release adrenaline
and nor adrenaline which increases blood
pressure and heart beat.

7.3.1 Addiction and dependence

Addiction is a physical or psychological
need to do or take or use certain substance
such as alcohol, 1o the point where it could
be harmful to the individual. This addictive
behaviour can be personally destructive to
a person. Overlime addicts start io lose not
only their jobs, homes and money, but also
fricndship, family relationships and comtact
with the normal world. Addiction to drogs
and alcohol can lead o a psychological
attachment to certain effects such as enphoria
and temporary fecling of well being.

Repeated use of drugs and alcohol may
affect the tolerance level of the receptors

present in the body. These receptors then

liman liesith sad [$spases 1%
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respond only to highest doses of drugs and
alcohol leading 1o greater intake and addiction.
Excessive use of drog and alcohol leads to
physical and psychological dependence.
When psychological dependence develops,
the drug oser gets mentally “hooked on® to
the drug. The drug wser constantly thinks
only about the drug and has continwous
nncontrollable craving for it This state called
“cuphoria” is characterized by mental and
emotional preoccupation with the drog.

Physical dependence is a state in which
the user's body requires a continuous presence
of the drug. If the intake of the drug or aloohaol
is abraptly stopped, he or she would develop
withdrawal symploms. In a sense, the body
becomes confused and protests against the
absence of the drug. The withdrawal symptoms
may range from mild tremors to convulsions,
severeagitationand fits, depressed mood, anxiety,
nervousness, restlessness, irritability, insomnia,
dryness of throal, etc, depending on the type of
drug abuse.

7.3.2 Effects of drugs and alcohol
Short-term effect appears only for a few
minutes after the intake of drogs and alcohol.
The abuser feels a false sense of well being
and a pleasant drowsiness. Some short lerm
effects are euphoria, pain, dullness of senses,
alteration in behaviour, blood pressure, narcosis

(decp skeep). nausea and vomiting.
Drugs and akcohol have long-term effect
that lead 1o serious damages, becanse of the

Alcoholism is the inability to control
drinking due to physical and emotional
dependence onalcohol. Treatment involves
counsetling by a healthcare professional
Detoxification programme in a hospital or
medical facility is an option for those who
need additional assistance. Medications
are aviilable to reduce the desire 1o drink
and smoke.
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constant and excessive uwse. The physical and
mental disturbance makes the life of the user
drinking permanently damages the liver
and brain.

Thee use of alcohol during adolescence may
hawve long-term effecis. Aloohol interferes with
the ahility of the liver 1o break down fat. Ower
time fat accomulation and high levels of alcohol
destroy the liver cells and a scar tissue grows in
the place of dead cells. This scarring of the liver
is called “Liver cirrhosis”. Alcohol irritates the
stomach lining due to the production of excess
acid leading to ulcers. Excessive alcohol use
weakens the heart muoscle, causing scar tissue
to build up in the cardiac muscle Gbers. As a
result, heavy drinkers have an increased risk
of high blood pressure, stroke, coronary artery
discase and heart attack. Korsakolf syndrome,
a chronic memory disorder is most commonly
caused by alcohol misuse.

7.3.3 Prevention and control

It is practically possible to prevent some
one from using drugs and alcohol Here are
some ways that help w prevent drug and
alcohol abuse.

1. Effectively dealing with peer pressure

The biggest reason for teens to star
on drugs is due o their friends / peer groups
imposing pressure on them. Hence, it is
important to have a better group of fricnds to
avoid such barmful drugs and alcohol.

2. Seeking help from parents and peers

Help from parents and peer group
should be sought immediately so that they can
be guided appropriately Help may even be
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sought from close and trusted friends. Getting
proper advice b sort out their problems would
help the young to vent their feelings of anxiety
and guilt.

3. Education and counselling

Education and counselling create
positive attitude to deal with many problems
and to accept disappointments in life.
4. Looking for danger signs

Teachers amd parenis need to look
for sign that indicate tendency to go in for

5. Seeking professional and
medical assistance

Assistance is availasble in the form of
highly qualified psychologists, psychiatrists and
de-addiction and rehabilitation programmes to
help individuals to overcome their problems.

7.4 Mental health — Depression
Mental health is a state of well being of
the mind, with self esteem. Sl esteemn means
liking yourself and beingable to stand up for what
you believe is righl. Positive mental health is an
important part of wellness. A mentally healthy
person reflects a good personality. Activities of
mentally healthy people are always appreciated
and rewarded by the socicty as these persons
are creative as well as cooperative with others.
Mental health improves the quality of life.
Depression is 2 common mental disorder

that canses people to experience depressed
mood, loss of interest or pleasure, feelings of

guilt or low self-worth, disturbed sleep poor
appetite, low energy and poor concentration.

Alcoholic anonymous was started in 1935 by a businessman and a doctor who had been a
“hopeless drunk” for many years. After the men helped each other to stop drinking and to stay
sober, they then founded the alcoholic anonymous o help other alcoholics. Since that time
alcoholic anonymous has spread throughout the world.
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Signs and symptoms of mental
depression

* Loss of self confidence and self esteem

» Anxiety

» Mol being able to enjoy things that are

usually pleasurable or interesting
Lifestyle changes like exercise,

meditation, yoga and healthy food habits can
help to be relieved from depression. Exercise
stimulates the body 1o produce serotonin and
endorphins, which are newrotransmitters that
suppress depression. Practicing exercise in daily
life creates a positive altitude -
Participaling in an exercise programme Can:

* Increase self-esteem

* Boost sell-confidence

* Create a sense of empowerment

» Enhance  social

relationships

Brain is one of the most metabolically active
part of the body and needs a steady stream
of nutrients o function. A poor diet may not
provide the nutrients for a healthy body and may

7.3 Lifestyle disorders in

human beings

The old saying that “health is wealth®

is truly applicable to human beings. With the
changes in life style, there are many emerging
medical conditions and diseases that are
reducing human longevity. Life style disorder
result doe to activities involving smoking,
alcohol and drug sbuse, consaming high fat
diet, lack of exercise or living a latent life.

The World Health Organization (WHO)
in its reporl cantions 2 slow moving public
health disaster due o life style disorders in
the form of non-communicable diseases like
diabetes, cardiovascular and lung diseases.
WHO believes that not thousands but millions

of people die every year within the age group

connections and
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of thirty to sixty due to life style related

disorders.

The following facts will help in better

understanding of life style disorders.

« Life style disorder causes cardiovascular
diseases resulting in 31 percent of ghobal
deaths.

« The sedentary life style also canses deficiency
of vitamins such as vitamin [} resulting in
fatigue, tiredness, back pain, depression,
bone loss, muscle pain, etc,

« Life style disorder also includes social
isolation resulting in age related problems.

« Eating junk foods that have high caloric
valoes, rich in carbohydrates and fat can
lead to obesity and early health issues.

« Consumption of processed and packaged
food, which lacks in Gber may result in
constipation.

« Several people wnday complain of irritable
bowel syndrome with stomach discomfort
or pain and trouble with bowel movements,
causing diarthoca. The main caose of
irritable bowel syndrome is stress and other

illnesses.

Life style modifications

« Avoid caling junk food and foods that have
preservatives and colouring agents.

« Physical exercises such as brisk walking and
yoga can be done regularly.

+ Following medical advice, if any health
problems in addition to life style disorders.

« To avoid smoking drugs and drinking
alcohol

« To follow a healthy balanced diet rich in
vitamins and proteins.

« 7 — 8 hours of sleep every day is required.
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Summary

Health is a state of complete physical
and psychological well being. Many other
extended factors like microbes may cause
illness to human body Protozoans like
Entamoeeba, Plasmodium and Leishmania
cause discases such as amoehic dysentery,
malaria and kala-arar repectively. Persomal
cleanliness and hygiene, proper disposal of
wasle, safe drinking water and immunization
are very uscful in preventing diseases. Drug
and alcohol abuse of young and adolescent
is another cause of concern. Addiction
to drugs and alcohol is happening due to
peer  pressure, examination-refated and
competition-related  stresses. The addicted
person should receive proper counselling,
education and professional medical help to
liberate themselves from all forms of addiction.

1. Freezing does not kill bacteria; it
only arrests their growth.

2. Amntibiotics not only kill harmiul
bacteria, but also kill beneficial
bacteria of our body.

3. UTI- Urinary Tract Infection is
one of the most common bacterial
infections affecting 150 million
people each year worldwide.

4. World malaria day is on 25™ April .

5. lceland and the Faroe islands are
the only countries in the world.
where there are “No mosquitoes™
(Muosquito free countries).

6. VCRC- Vector Control Research
Center is situated in Puduchery
WHO is collaborating with the
Centre for Research and Training

| | 3 B Toplegy Trmesine TS Inse TR

7.

Activity I: Students examine the impact
of microorganisms in our datly life and
consider their applied polential. They
can also conduct independent research
and communicate their findings.
Activity 2: Students prepare wet mounts
to observe the microbes found In curd.
Activity 3: The leader will blow bubbles
at the group of students to demonstrate
how some diseases can be alr borne?

Activity & Which parasite ads as a
Iransporter host for other parasites? Discuss
Activity 5: Your friends call you a “sissy
boy” because you do not smoke or chew
tobacco. What answer will you pive? How

will you prove your strength?

in  Lymphatic Filariasis and
Integrated Methods of Vectlor
Control.

Sterile insect technique (SIT)

The screw-worm fly was the
first pest successfully climinated
from an area through the sterile
insect technique, by the use of an

integrated area-wide approach.

Fika virus could become a surgical
weapon against brain cancer.
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8. Marijuana is extracted from
a) Dried leaves and flowers of

Evaluation
1. Malaria cansed

by Plasmodium hemp plant

is transmitted b) Ergot fungus
through-——— ¢) Roots of hemp plant
a) Air d}) Cocoa plant

b) Contact

9. Choose the correctly match pair.
a) Amphetamines -  Stimulant
b) LSD - Narcotic

c) Fleas on food
d) Mosquito bites

2. A 30 year old woman has bleedy

diarrhoea for the past 14 hours, which ¢} Heroin - Psychotropic

one of the following organisms is likehy d) Benzodiarepine -  Pain killer

to cause this illness? 10. The Athletes foot disease in human is

a) Streplococous pyogens cansed by--—--
b} Clostridium difficile a) Bacteria b) Fungi
c) Shigella dysenteriac c) Virus d) Protozoan
oy Satmomall sxteriinlt 11. Cirrhosis of liver is cansed by chronic
3. Which of the following disease is spread intake of ------
through droplet nuclei? a) Opium b) Alcohol
& a} Tularemia b) Listeriosis ¢} Tobacco d) Cocsine &

Chicke d) M
< e pox ) Mumps 12. The sporozoite of the malarial parasite is

4. Exo-erythrocytic schizogony of present in ----
Prismmacinay bkes plice . -~ a) saliva of infected female Anapheles
a) RBC b} Lencocyles mosquite.
cl Swmach  d) Liver b} RBC of human suffering from
5. The sporozoites of Plasmodium vivax are malaria.
formed from ----------- - c) Spleen of infected humans.
a) Gametocytes  b) Sporoblasts d} Gut of female Anopheles mosquito.
c) Docysts d) Spares 13. Hacmozoin is
6. Poliomyelitis which causes infantile a} A precursor of haemoglobin.
paralysis enters the body through......... blA toxin from Streplococcus.
a) Skin b) Mouth and nose c) A toxin from Plasmodium species.
c) Ears d) Eyes d) A toxin from Haemophilus species.
7. Amphetamines are stimulants of the 14. The drug synthesised from Datura is

M5, whereas barbiturates are ----
a) CHS stimulant b} botha and b
c) hallocinogenic d) CNS depressants

a) Hallacinogen  b) Depressant
c} Stimualant d} Pain killer

liman liesith sad [$spases 15
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15. Match the pathogens with respective diseases caused by them and select the correct match
using the codes given below.

A. Leishmanin denavani - i Amochiasis

B. Wuchereria bancrofti - i Kala - azar

C. Trypanosoma gambiense - iii. Sleeping sickness
D. Entamoeba histolytica - v Filariasis

a) A-ii, B-iw, C-iii, D-i

b} A, B-iv C-i, I»-iii

c) A-iii, B-i, -, D-iwv

d) A-i, B-iv C-m, D-u
16. Complete the following table:

[Mscases Camsuiive agenl Siir of infection

Mumps
17. List the cansative agent, mode of transmission and symptoms for Diphtheria and Typhoid.
18. Compare and contrast bacillary dysentery and amochic dysentery.

19. A patient was hospitalized with fever and chills. Merozoites were observed in her blood.
What is your diagnosis?

20. (i) Write the scientific name of the filarial worm that cavses filariasis.
(i) Write the symploms of filariasis.
(iii)How is this disease transmitted?
21. List the common withdrawal symptoms of drugs and alcohol abuse.
22. What is Kala-azar?
23. Why do you think it is not possible to produce vaccine against ‘common cold?
24. Tabulate the causative agent. mode of transmission and symptoms of the viral diseases in man.
25. Wrile 2 note on the Pmlozoan diseases.
26. Explain the life-cycle of Plasmodium in man.
27. Sugpgest some ways to prevent drug and alcohol abuse.
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IMMUNOLOGY
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Naturnl forces wilhin as ane the
true healers of disease

- Hippocrutes

n the previous chapter, we have studied in

detail the varions infections which cause
diseases in human beings. In this chapter, we
shall discuss how our body protects us from
these infections by the effective mechanism of
the immune system.

8.1 Basic concepts of immunology

Immunology is the study of immune
system. This system protects an indvidual
from warious infective agents. I refers to
all the mechanisms used by the body for

protection from environmental agents that
are foreign to the body.

When the immune system does not
function efficiently in an individual, it leads to
infection causing disease. The overall ability
of body to fight against the disease causing
pathogen is called immumity. It is also called
disease resistance and the lack of immunity
is known as susceptibility. Immunity is highly
specific.

Normally many of the responses of the
immune system initiate the destruction and
climination of invading organisms and any
toxic molecules produced by them. These
immune reactions are destructive in nature
and are made in response only to molecules

13
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that are foreign to the host and not to those of
host itself. This ability to distinguish foreign
molecules from self is another fundamental
feature of the immune system. However,
occasionally, it fails to make its distinction
and reacts destructively against the host's
own molecules; such smoimmune diseases

can be fatal to the organism.

Almost all the macromolecules eg
proteins, polysaccharides, nucleic acids, etc., as
long as they are foreign to recipient organism
can induce immune response. Any substance
capable of cliciling immune response is called
an ANTIGEN {ANTIbody GENerator). There
are two broad classes of immunity responses
namely, innale immunity and acquired
immunity (Fig. 8.1).

Table 8.1 Innate immunily- types and mechanisms

= B ||__

Adaptive
Immanity
I +
Artificial
=1
ne system

Fig. 8.1 Immu

8.2 Innate immumnity

Innate immunity is the mnatural
phenomenon of resistance o infection which
an individual possesses right from the birth.

1. Anatomical barriers
- Prevens the entry of microbes.
. hﬂ‘mﬁm}ﬂm‘ﬁl;ﬂ!ﬁim

1. Physiological barriers

Mormal body temperature inhibits the growth of pathogens.
Fever also inhibits the growth of pathogens.

Low pH Acidity of gasiric secretions {HCI) kills most ingested microbes.

Chemical mediators

Lysozyme acts as antibacterial agent and cleaves the bacterial cell wall

Interferons indoce antiviral state in the uninfected cells.

EMPIEDJEEI.IE.IT substances produced from lewcocytes lyse the
pathogenic microbes or facilitate phagocytosis.

3. Phagocytic barriers

cells (Mono neutrophils, ti macrophages

4. Inflammatory barriers

Tissue damage and infection induce leakage of vascolar fuid,
containing chemotactic signals like serotonin, histamine and

andins. They influx the phagocytic cells into the affected area
This phenomenon is called diapedesis.
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The innate defense mechanisms are non-specific
in the sense that they are effective against a
wide range of potentially infections agents. 1t is
otherwise known as non-specific immunity or
natural immunity.

A number of innate defense mechanisms are
operative non-specifically against a large number
of micreorganisms as shown in the Table 8.1 and
Fig. 8.2,

Uyt i b
Fluzmrsd of e

Fig. 8.2 Various anatomical and physiological
barriers to microbial attadk

8.3 Acquired immumnity
The immunity that an individeal acquires
after birth is known as acquired immunity.
It is the body's resistance to a specific pathogen.
The unique features of acquired Immumnity
are antigenic specificity, diversity, recognition of
sclf and non-self and immunological memaory.

Components of acquired immunity
Acquired immunity has two components —

cell mediated immunity (CMI) and antibody

mediated immunity or humoral immunity.

1. Cell mediated immunity

When pathogens are destroyed by cclls
withont producing antibodies, then it is known

| | 3 D Toplegy Crmeier B2k lese 1X7
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as cell mediated immune response or cell
mediated immunity. This is broaght abowt by
T cells, macrophages and natural killer cells.
2. Antibody mediated immunity or humaoral
immanity

When pathogens are destroyed by the
production of antibodies, then it is known
as antibody mediated or humoral immunity.
This is brought about by B cells with the help
of antigen presenting cells and T hdper cells
Antibody production is the characteristic
feature of vertebrates only.

Types of acquired immunity

Acguired immunity may be active
immunity or passive immunity (Table 8.2).

The immunological resistance developed
by the organisms through the production
of antibodies in their body is called active
immunity. Active immunity is acquired through
the use of 2 person’s immune responses, which
lead to the dewelopment of memory cells.
Active immunity results from an infection or an

Passive immunity does not requine the
body to produce antibodies to antigens. The
antibodies are introdeced from outside into the
organism. Thus, passive immunity is acquired
without the activation of a persons immune
response, and therefore there is no memory.

oy

8.4 Immune responses
The immune responses may be primary
or secondary (Table 8.3).

¢ The process of produoction
~ of blood cells in the
bone marrow is called |

hacmatopoicsis.

Primary immune response

The primary immune response OCCUTS
when a pathogen comes in contact with the

1 Immaenslogy
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Tahle 8.2 Differences between active and passive immunity

SlNo Active Immmnity

host’s immune system.

| Active immumity is produced actively by

Passive Immmnity
Passive immunity is received passively and
there is no active host participation.

It is produced due 10 contact with pathogen

It is produced doe to antibodies obtained

or by its antigen. from outside.
3 | Itis durable and effective in protection. It is transient and less effective.
4 Immunological memory is presentl Mo memory.
c Bungli;eﬂ'enunmhuqlmldmﬁ Skt e s B i,
& ltm:_uunﬁ]risd&cﬁwnnlfaﬂﬂaﬂmrl Ity dewelons i fately.

immune system for the first time. During
this, the immune system has to learn to
recognize the antigen, produce antibody
against it and eventoally produce memory
lymphocyles. The primary immune response
is slow and short-lived.

Secondary immune response

The secondary immune response OCCUrs
when a person is exposed to the same antigen
again. During this time, immunological memaory
has been established and the immune system
can starl producing antibodies immediately.

Within hours after recognition of the antigen, a
new army of plasma cells are generated. Within
2 to 3 days. the antibody concentration in the
blood rises steeply to reach much higher level
than primary mesponse. This is also called as
“booster response”.

8.5 Lymphoid organs

Immune system of an organism consists of
several structurally and functionally ditferent
in the body. The organs involved in the origin,
maturation and proliferation of ymphocytes
are called lymphoid organs (Fig. 8.3).

Table 8.3 Dilferences between primary and secondary immuone responses

with an antigen.

| It occurs as a result of primary contact

Secondary Immune Rewponse

It occurs as a result of second and
subsequent contacts with the same

antigen.

days.

Antibody level reaches peak in 7 to 10

Antibody level reaches peak in 3 1o 5
days.

immumnity.

5 Prolenged period is required to establish

It establishes immunity in & short time.

4 | There is rapid decline in antibody level.

Antibody level remains high for longer
period.

and spleen.

- It appears mainly in the lymph nodes

It appears mainly in the bone marrow,
followed by the spleen and lymph nodes.

Immunclogy 1=
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Fig. 8.3 Lymphoid organs in human body
Based on their functions, they are classified
into primary or central lymphoid organs and
secondary or peripheral lymphoid organs. The
primary lymphoid organs provide appropriate
environment for lymphocytic maturation. The
secondary lymphoid organs trap antigens and
make it available for mature lymphocytes, which
can effectively iight against these antigens.

)\ @

Bursa of |

Fabricius j )
Bursa of Febricius is a primary lymphoid organ
of birds. I is attached to the dorsal side of the

doaca. Blymphocyles mature in the bursa and
Inlgﬂn!hmﬂmi]r_
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Primary lymphoid organs

Bursa of Fabricins of birds, bone marrow
and thymus gland of mammals constilnte
the primary lymphoid organs involved
in the production and cardy selection of
lymphocytes. These lymphocytes become
dedicated to a particular antigenic specificity.
Only when the lymphocyies mature in the
primary lymphoidal organs, they become
immunocompetent cells. In mammals, B cell
maturation occurs in the bone marrow and

T cells maturation occurs in the thymus.
Thymus

The thymus is a flat and bilobed organ
located behind the sternun, above the heart
Each lobe of the thymus contains numerous
lobules, separated from each other by
connective tissue called septa. Each lobule
is differentiated into two compartments,
the outer compartment or ouler cortex, is
densely packed with immature T cells called
thymocytes, whereas the inner compartment
or medulla is sparsely populated with mature
thymocytes. One of its main secretions is the
hormone thymosin. It stimulates the T cell to
become mature and immunocompetent. By
the carly teens, the thymus begins to atrophy
and is replaced by adipose tissue (Fig. 8.4).
Thus thymus is most active during the
neonatal and pre-adolescent periods.

Fig. 8.4 Primary lymphoid organ - Thymus
A} Location B) Structure
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Bone marrow

Bone marrow is a lymphoid tissue found
within the spongy portion of the bone
Bone marrow contains stem cells known as
harmatopoictic cells. These cells have the
potential to multiply through cell division
and either remain as stem cells or differentiate

and mature into different kinds of blood cells.

Secondary or peripheral lymphoid
Organs

In secondary or peripheral lymphoid
organs, antigen is localized so that it can be
effectively exposed to mature lymphocytes.
The best examples are lymph nodes,
appendix, Peyer's patches of gastrointestinal
tract, tonmsils, adenoids, spleen. MALT
{Mucosal-Associated Lymphoid Tissue),
GALT (Gut-Associated Lymphoid Tissue),
BALT(Bronchial/Tracheal-Associated
Lymphoid Tissue).

Peyer's patches are oval-shaped
arcas of thickened tissue that are
embedded in the mucos-secreting lining
of the small intestine of humans and
other vertebrate animals. Peyers patches
contain & variety of immuone cells,
T cells, and B celis.

The tomsils {palatine tonsils) are
a pair of soft lissue masses localed at
the back of the throat (pharynx). The
tonsils are part of the lymphatic system,
which help to fight infections. They stop
invading germs including bacteria and
Wiruses

Spleen is a secondary lymphoid
organ located in the upper part of the

abdominal cavity close to the diaphragm.
Spleen contains B and T cells. It brings
humoral and cell mediated immunity:
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f The adenoids are glands

@_‘ located in the roof of
the mouth, behind the

4 soft palate where the

| nose connecls to the
i throat. The adenoids produce antibodies

that help w fight infections. Typically.
the adenoids shrink during adolescence
and may disappear by adulthood.

Lymph node

Lymph node is a small bean-shaped
structure and is part of the bodys immune
system. It is the first one to encounter
the antigen that enters the lissue spaces.
Lymph nodes filter and trap substances that
travel through the lymphatic fluid. They
are packed tightly with white blood cells,

namely lymphocytes and macrophages.
There are hundreds of lymph nodes found

throughout the body. They are connected
to one another by lymph vessels. Lymph is
i clear, transparent, colourless, mobile and
extracellular fluid connective tissue. As the
lymph percolates throogh the lymph node,
the particulate antigen brought in by the

lymph will be trapped by the phagocytic cells,
follicular and interdigitating dendritic cells.

Aferisl byerghall v scol JI

e
el
Q. g Zaa®

l'.-':':-","";f i Shiichis

. \Wﬁ'f@ R
O\ //é s
g2

Fig. 8.5 Secondary lymphoid organ -
Structure of lymph node
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Lymph node has three zones (Fig. 8.5).
They are the cortex, paracortex and medualla
The outer most layer of the lymph node is
called cortex, which consists of B-lymphocytes,
macrophages, and follicular dendritic cells.
The paracortex zone is beneath the cortex,
which is richly populated by T lymphocytes
and interdigitating dendritic cells. The inner
most zone is called the medulla which is
sparsely populated by lymphocytes, but many
of them are plasma cells, which actively
secrete antibody molecules. As the lymph
enters, it slowly percolates through the cortex,
paracortex and medulla, giving sufficient
chance for the phagocytic cells and dendritic
cells to trap the antigen brought by the lymph
The lymph leaving a node carries enriched
antibodies secreted by the medullary plasma
cells against the antigens that enter the lymph

tissuc {(MALT) is a diffuse system of small
concentrations of lymphoid tissue in the
alimentary, respiratory and urino-genital
tracts. MALT is populated by lymphocytes
such as T and B cells, as well as plasma
cells and macrophages, each of which
is. well sitnated 1o encounter anligens
It also possesses IgA antibodies.

Gul-associated lymphoid tissue
(GALT) is a component of the mucosa-
associated lymphoid tissue (MALT)
which works in the immune system to
protect the body from invasion in the gut.

Bronchus Associated Lymphoid
Tissues (BALT) also a component of
MALT is made of Iymphoid tissue
(tonsils, lymph nodes, lymph follicles) is
found in the respiratory mucosae from
the nasal cavities to the lungs.
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node. Sometimes visible swelling of hymph
nodes oocurs due to active immune response
and increased concentration of lymphocytes.
Thus swollen lymph nodes may signal an
infection. There are several groups of lymph
nodes. The most frequently enlarped lymph
nodes are found in the neck, under the chin, in
the armpits and in the groin.

Cells of the immune system

The immune sysiem is composed of many
interdependent cells that protect the body from
microbial infections and the growth of tumour
cells. The ceflular composition of adult human
blood is given in Table 8.4.

Table 8.4 The cellular composition of adult
human bloed

Red blood cells [ 58T
White blood cells

| Agranulocytes
Lymphocyte: | 1500 - 4000 20-30
Monocytes 200 - 950 2-F
Granulocytes
Meutrophils 2000-7000 5070
Basophils 50-100 <l
Emh-nplﬁls 4{i-500 -5
Platelets Lﬂ'ﬂﬁ

All these cells are derived from pluripotent
haematopoetic stem cells. Each stem cell has the

capacity to produce RBC, WEC and platelets.

15 Immaenslogy
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The only cells capable of specifically recognising
and producing an immune response are the
lymphocytes. The other types of white blood cells
play an important role in non specific immune
response, antigen presentation and cytokine
production.
Lymphocytes

About 20-30% of the white blood cells are
lymphocytes.  They have a large nucleus hlling
maost of the cell, surrounded by a little cytoplasm.
The two main types of lymphocytes are B and
T lymphocytes. Both these are produced in the
bone marrow. B mphocytes (B cells) stay in the
bone marrow until they are mature. Then they
circulate around the body. Some remain in the
blood, while others accumulate in the lymph
nodes and spleen. T lymphocytes leave the bone
marrow and mature in the thymus gland Once
mature, T cells also accamulate in the same areas
al the body as B cells. Lymphocoyies have receptor
proteins on their surface. When receptors on a
B cell bind with an antigen, the B cell becomes
activated and divides rapidly to produce plasma
cells. The plasma cels produce antibodies. Some
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B cells do not prodoce antibodies but become
memory cells. These cells are responsible for
not preduce antibodies. They recognize antigen-
presenting cells and destroy them. The two
impaortant bypes of T cells are Helper T cells and
Killer T cells. Helper T cells release a chemical
called cytokine which activates B cells.  Killer
cells move around the body and destroy cells
which are damaged or infected {Fig. 8.6).

Apart from these cells newtrophils and
monocytes destroy foreign cellsby phagocytosis.
Monocytes when they mature into large cells,
they are called macrophages which perform
phagocylosis on any foreign organism.

Dendritic cells are called so because
extensions that resemble dendrites of nerve
cells. These cells present the antigen to
T-helper cells. Four types of dendritic cells
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Fig. 8.6 Cells of the immune system
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8.6 Antigens

The term amtigen (Ag) is used in two
senses, the first to describe a2 molecule which
generales an immune response and the second,
a molecule which reacts with antibodies. In
general antigens are large, complex molecular
substancesthal can induce a detectable immune
response. Thus an antigen is a substance that is
specific to an antibody or a T-cell receptor and
is often used as a synonym for immunogen.

; The  histocompatibility
., Aantigens are cell surface
antigens that induce an
- . :
: immune response leading
to rejection of allografis.

An immunogen is 2 substance capable of
initiating an immune response. Haplens are
substance thal are non-immunogenic but can react
with the products of a specific immune response.
Substances thal can enhance the immune
response o an antigen are called adjuvants
Epitope is an antigenic determinant and is the
active part of an antigen. A paratope is the antigen
— hinding site and is a part of an antibody which
recognizes and binds to an antigen.

ol

Types of antigens

On the basis of origin, antigens are
classifiecd into exogenoms antipems and
endogenous antigens.

. Antigenicityis the property
of a substance (antigen)
that allows it to react with
the prodacts of the specific

e

The antigens which enter the host from the
outside in the form of microorganisms, pollens,
drugs, or pollutants are called exogenous
antigens. The antipens which are formed within
the individual are endogenous antigens. The
best examples are blood group antigens.
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8.7 Antibodies

Antibodies are immunoglobulin {Ig)
protein molecules synthesized on exposure
to antigen that can combine specifically
with the antigen. Whenever pathogens
enter our body, the B-lymphocytes produce
an army of proteins called amtibodies to
fight with them. Thus. they are secreted in
response to an antigen (Ag) by the effect of
B cells called plasma cells. The antibodies
are classified into five major categories,
based on their physiological and biochemical
properties. They are IgG (gamma), IgM {mu),
IgA (alpha), IgD (delta) and IgE (epsilon).

In the 1950s, experiments by Porter and
Edelman revealed the basic structure of the
immunoglobulin. An antibody molecule
is ¥ shaped structure that comprises of
four polypeptide chains, two identical lLight
chains (L) of molecular weight 25,000 Da
(approximately 214 amino acids) and two
identical heavy chains (H) of molecular
weight 50,000 Da (approximately 450 amino
acids). The polypeptide chains are linked
together by di-sulphide (5-5) bonds. One
light chain is attached to cach heavy chain
and two heavy chains are attached to each
other to form a Y shaped (Fig. 8.7) structore.
Hence, an antibody is represented by H, L,
The heavy chains have a flexible hinge region
a1 their approximate middles.

ko bincking
4 *
M

%

Fig. 8.7 Structure of immunoglobulin
17 Immanlogy
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Each chain (1. and H) has two terminals. They are
C - terminal {Carboxyl) and amino or N-terminal
Each chain (L and H) has two regions. They have
variahle (V) region at one end and a much larger
constant {C) region at the other end. Antibodies
responding todilferent antigens have very different
(V) regions but their (C) regions are the same
in all antibodies. In each arm of the monomer
antibody, the (V) regions of the heavy and Light
chains combines to form an antigen - binding site
shaped to it a specific antigenic determinant
Consequently cach antibody monomer has two
such antigen - binding regions. The (C) regions
that forms the stem of the antibody monomer
determine the antibody class and serve common
functions in all antibodies.

The functions of immunoglobulin are
agglutination,  precipitation, opsonisation,
neutralization etc.,

8.8 Antigen -antibody

interaction

The reaction between
an antigen and antibody “E
is the basis for humoral &
immuonity or  aniibody < "
mediated  immunity.  The =
reaction between anligen Eﬁ:-.
and antibody occors im
three stages. During the first stage, the reaction
involves the formation of antigen - antibody
complex. The next stage leads to visible events
like precipilation, agglulination, etc., The fmal
stage includes destroction of antigen or its
neutralization (Fig. 8.8).

Binding force of antigen - antibody
reaction

The bhinding force between antigen and
antibody is due to three factors. They are
closcness between antigen and antibody, non-
covalent bonds or intermolecular forces and
atfinity of antibody.

Immunclogy 122
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When antigen and antibody are closely
fitted, the strength of binding is great. When
they are apart binding strength is low. The
bonds that hold the antigen to the antibody
combining site are all non-covalent in nature.
These include hydrogen bonds, electrostatic
bonds, Van der Waals forces and hydrophobic
bonds. Antibody affinity is the strength of the
reaction between a single antigenic determinant
and a single combining site on the antibody.

The chief application of antigen - antibody
reactions are lo determine blood groups for
transfusion, o study serological ascertainment
of exposure to infections agents, to develop
immunoassays for the gouantification of various
substances, to detect the presence or absence
of protein in serum and o determine the
characteristics of certain immunodeficiency
discases.

Different types of antigen and antibody
reactions

The reaction between soluble antigen
and antibody leads to wisible precipitate
formation, which is called precipitin reaction.
Antibodies that bring about precipitate
formation on reacting with antigens are called
as precipilins.

Whenever a particulate antigen interacts
with its antibody, it would result in dumping or
applutination of the particolate antigen, which
is called agglutination reaction. The antibody
involved in bringing about agglutination
reaction is called agglotinin.

Opsonisation or enhanced attachment
is the process by which a pathogen is marked
of ingestion and destruction by a phagocyte.
Opsonisation involves the binding of an
opsonin ic., antibody, to 2 receplor on the
pathogen’s cell membrane. After opsonin
binds to the membrane, phagocytles are
attracted to the pathogen. So, opsonisation is
a process in which pathogens are coated with

e "..J-T'_"El |



Fig. 8.8 Anligen and antibody reaction

a substance called an opsonin, marking the
pathogen out for destruction by the immune
system. This results in a much more efficient
phagocytosis.

The neatralization reactions are the
reactions of antigen-antibody that involve the
elimination of harmful effects of bacterial
exotoxins or a virus by specific antibodies.

These neutralizing substances i.c., antibodies

HH

are known as antitoxins. This specific
antibody is produced by a host cell in response
to a bacterial exotoxin or corresponding
toxoid (inactivated toxin).

8. 9 Vaccines

A vaccine is a biological preparation
that provides aclive acquired immumnity
to a particular disease and resembles a

=B
pathogen ron- prihagenic

fiorm {wscoine)
Liwve sttenuated vaccing

. e
= -8 - eass .-““"‘i
" Kilked pathogens Tioin Tomoid
Fig. 8.9 Types of vaccines
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disease-cansing microorganism and s
often made from weakened or attenuated
or killed forms of the microbes, their
toxins, or one of its sorface proteins.
Vaccines “teach™ our body how to defend
itself when wiruses or bacteria, invade it.
Vaccines deliver only very little amounts of
inactivated or weakened viruses or bacteria,
or parts of them. This allows the immune
system to recognize the organism without
aclually experiencing the disease. Some
vaccines need to be given more than once
(i.e., & ‘booster’ vaccination) to make sure
the immune syslem cam overcome a real
infection in the futare.

Vaccine initiates the immunization
process. The vaccines are classified as first,
second and third generation vaccines.

First gemeralion vaccine is further
subdivided into live attenuated wvaccine,
killed vaccine and toxoids (Fig. 8.9). Live
attenuated waccines use the weakened
(attenuated), aged, less wirulent form
of the wirns. Eg. Measles, Mumps and
Ruobella (MMR) vaccine and the Varicella
{chickenpox) vaccine, Killed {(inactivated)
vaccines are killed or inactivated by heat
and other methods. E.g. Salk’s polio vaccine.
Toxoid vaccines contain a toxin or chemical
secreted by the bacteria or virus. They make
us immune o the harmful effects of the
infection, instead of to the infection itself.
E.g. DPT vaccine (Diphtheriz, Pertussis
and Tetanus).

Sccond pencration vaccine contains
the pure sorface antigen of the pathogen.
E.g.Hepatilis-B vaccine. Third genecration
vaccine contzins the purest and the highest
potency vaccines which are synthetic in
generation. The latest revolution in vaccine is
DNA vaccine or recombinant vaccine (Refer
Chapter- 10 for details).

immunalogy 14D
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Vaccino therapy is the

»
= method of use of vaccine
for treatment of disease.
.8 Dr. Edward Jenner

prepared  first  vaccine
for small pox in 1796, Polio vaccine was

. developed by Dr Jonas Salk {vaccine
. consists of inactivated micToorganism)
| and Dr. Albert Sabin (live attenuated
. oral polio vaccine). Louis Pasteur (1885)
discovered vaccine against rabies, anthrax
and cholera. BCG vaccine was developed
by Calmette and Guerin against
tnberculosis in France in the year 1908,

8. 10 Vaccination and
immunization

“Vaccination is the process of
administraling a vaccine into the body or the act
of introducing avaccine into the body to produce
immnnity to a specific disease” Immunization
is the process of the body building up immunity
to a particular disease. Immunization describes
the actual changes in the body after receiving a
vaccine. Vaccines work by fighting the pathogen
and then recording it in their memory system
to ensure that the next time this pathogen enters
the body. it is eliminated far quickly. Omce, the
body is able to fight against the discase, it is
believed to have built the immunity for it, also
known as the body being immunized against
the discase.

8.11 Hypersensitivity

Some of the individoals are very sensitive
lo some particles present in the environment.
The exaggerated response of the immune system
to certain antigens present in the environment
is called allergy (allo-altered, erg-reaction).
The substances to which such an immune
response is produced are called allerpens. An
allergen is an antigen that canses an allergic
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reaction. Allergic reactions begin within few
seconds after the contact with the allergen
and last about half an hour. The common
cxamples of allergens are mites in dust, pollens
and some proteins in insect venom. Hay fever
and aslthma are some common examples of
allergy. Symptoms of allergic mactions include
sneezing, watery ¢yes, running nosc and
ditficulty in breathing. Allergy is 2 form of over
masi cells. It can also be due to the refease of
chemicals like histamine and serotonin from
the mast cells.

hypersensitivity reaction. It is a sudden, systematic,
occurring as a result of rapid generalized mast-cell
degranulation.

8.12 Immunodeficiency diseases
Immunodeficiency results from  the

failure of one or more components of the
immune system. Primary immuone deficiencies
are cansed by genetic developmental defects.
Secondary immune deficiencies arise due to
various reasons like radiation, use of cytohytic
and immunosuppressive drugs and infections.
AIDS is an acronym for Acquired Immuno
Deficiency Syndrome. It is the deficiency
of immune system, acquired during the life
lime of an individual indicating that il is
nol a congenital disease. AIDS is caused by
Human Immuno Deficiency Virus (HIV). It
selectively infects helper T cells. The infected
helper T cells will not stimulate antibody
preduction by B-cells resulting in loss of
natural defence against viral infection. On the
basis of genetic characteristics and differences
in the viral antigens, HIV is classified into the
types 1 and 2 (HIV-1, HIV-2),
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Strocture of HIV

The human immunodeficiency
virus belongs o the genos Lentiviros.
When observed wunder the electron
microscope, HIV is seen as a spherical viruos,
100-120 nm in diameter, conlaining a dense
core surmounded by a lipoprotein envelope. The
Ep 41 and gp 120. At the core, there are two
large single stranded RNA. Attached o the
It also conmtains enzymes like protease and
ribonuclease. The core is covered by a capsid
made of proteins. This is followed by another
layer of matrix proleins as shown in the
Fig 8.10.

Fig. &. 10 Structure of HIV

HIV Transmission

The HIV is often located within the
cells especially in macrophapes. HIV can
survive for 1.5 days inside a cell but only
about 6 hours outside a cell. Routes of HIV
transmission include unsafe sexual contact,
blood-contaminated necdles,  organ
transplants, blood transfusion and vertical
transmission from HIV infected mother to
child. HIV is not transmitted by insccts or
by casual contact.

141 Immaenslogy
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Afier getting into the body of the person,
the virus enters inlo macrophages where RNA
genome of the virus replicates to form wiral
DMNA with the help of the enzyme reverse
transcriptase. This viral DMA gets incorporated
into the DMA of host cells and directs the infected
cells to produce viral particles. The macrophages
continue 10 produce virus and in this way acts like
a HIV factory. Simultancously, HIV enters into
helper T-lymphocoyies, replicates and produces
progeny virnses. The progeny viruses released
in the blood attack other helper T-lymphocytes.
This is repeated, leading 1o a progressive decrease
in the number of helper T lymphocytes in the
body of the infected person. During this period,
the person suffers from bowts of fever, diarrhoea
and weight loss. Doe to decrease in the number of
helper T lymphocytes, the person starts suffering
from infections and becomes immune debcient
and unahle to protect against any infection.

A simple blood test is svailable that can
determine whether the person has been infected
with HIV. The ELISA test (Enzyme Linked
ImmunoSorbent Assay) detects the presence of
HIV antibodies. It is a preliminary test. Western
blot test is more reliable and a confirmatory
test. It detects the viral core proteins. If both
lests detect the presence of the antibodies, the
person is considered o be HIV positive.

AIDS has no cure. Prevenlion of AIDS
is the best option. Adwocating safe sex and
promoting regular check-up, safe blood for
transfusion, use of disposable needles, use of
condoms doring sexual contact, prevention of

drug abuse, AIDS awareness programme by
MACO (Mational AIDS Controd Dlﬂiu]i.’iﬂliml].
NGOs (Non-Governmental Organisations) and
WHO are o prevent the spreading of AIDS

8.13 Autoimmune diseases
Autoimmunity is duc to an abnormal

immune response in which the immune system

fails to properly distinguish between sell and
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non-self and attacks its own body. Our body
produces antibodies (awlo antibodies) and
cytotoxic T cells that destroy our own tissues.
If a discasc-state results, it is referred to as
auto-immune disease. Thus, autoimmunity is a
misdirected immune response. Autoimmunity
is evidenced by the presence of anto antibodies
and T cells that are reactive with host antigens.
When the cells act as antigens in the same body,
they are called antoantigens.

Autoimmune discases in human can be
divided into two broad categories, namely organ-
specific and non-organ-spedific  (systemic)
autoimmune diseases. In organ-specific disease,
the autoimmune process is direcled mostly
against ome organ. The autoantibodies may
block the functions performed by the organs.
Examples incdude Hashimotws thyroiditis,
Graves' disease (thyroid gland) and Addisons
discase {adrenal glands).

In non-organ speciiic (systemic) disorders,
autoimmune activity is widcly spread throughout
the body. Rheumatoid arthritis and multiple
sclerosis are example for systemic disorder.

B.14 Tumour immunology

A temour or neoplasm is 2 group of cells
whose growth has gone unchecked. When a
tumour continues to grow and invades healthy
tissue, il is called cancer. They spread to other
parts of the body from the tumour and give rise to
secondary tamour. This is known as metastasis.
Tumour may be benign or malignant depending
on its characieristics. Benign or non-cancerous
tissucs are capable of indefinite growth and do
not invade other body parts. In the malignant
tumour, the cells grow indefinitely, detach and
migrate into healthy surrounding tissues.

In normal cells, cefl growth and differentiation
is highly controlled and regulated. But in cancer
cells, there is breakdown of this regulatory

e "..JE'.'l |
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mechanism. Normal cells show a property called
contact inhibition, which inhibits uncontralled
growth, Cancer cells do not have this property: As

a result, cancerous cells divide continuously giving
rise o mass of lissues called tumours (Table 8.5).

When a cell undergoes malignant
transformation, it acquires new sarface antigen
and may also lose some normal antigens.
These antigens are present on the membranes
of malignant cells and they induce an immune
response. Both humoral and cellular responses
can be observed in malignancy. Cancer cells can
avoid immune detection as they are not foreign
bodies but are abnormally functioning body
cells. This makes them difficulk to treat.

The concept of immunological surveillance
postulates that the primary function of the
immune system is o “seck and destroy”
malignant cells that arise by somatic mutation.
The cificiency of the surveillance mechanism
reduces either as a result of ageing or dae o
congenital or acgeired immunodeficiencies,
leads to increased incidence of cancer. Thus, if
immunological surveillance is effective, cancer
should not ocour. The development of tumour
represents a lapse in surveillance.

= | I ||__

Immunotherapy of cancer

Immunotherapy also called biological
therapy uwses substances made by the body
or in a laboratory (monoclonal antibodies)
to improve or Lo resist the immune system
function. Different spproaches have been
attempted in the immunotherapy of cancer.
Immunotherapy appears o be important in
getting rid of the residual malignant cells after
the gross tnmour has been removed. The best
results in the treatment of cancer is to follow
an integrated approach to therapy, combining
surgery, radiotherapy, chemotherapy and

immunotherapy.

Scope of Immunology
find number of employment opportunities in
Gmunmﬂuﬂupm‘:hqﬂdm'ﬂu

Table 8.5. Differences between normal cell and cancer cell

Marmal Colls

Cancer calls

Small, unitormiy shaped nisse , . Large, vanable shapad nucie:

Redafivety args Cyioplasmic vohame

Relstivety small cytopiesmic volume

Conformity 1 call see and shape :z ..‘ Verabon n el see and shape

el prrangsd mto discies ssass

Disarganised amapgement of ceds

May possess diffsrentizled cel sruchures ‘ o Loss of norral specalised feabires

MNormal presentaton of cell surface markers

Lovear levels of devidmg cails I-EE
Cell bssues ceany demarcated
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Elevated expression of cerain cell markers

o WSS | arge number of deicing cells
“as™  Poorly debned tumour boundanes
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Summary

Immunology deals with a study of the immune
system. The immune system recognises and
climinates the invaders, and the ability of
the body to overcome the pathogen is called
immunity. Immunity is classified into innate
immunity and acquired immunity Acquired
immunity is further classified into cell mediated
immunity and antibody mediated immunity as
its components. Acquired immunity may be
active or passive immunity. Immune response
is the body’s response 1o pathogens and it may
be primary or secondary. The organs involved
in the origin, maturation and proliferation
of lymphocytes are called lymphoid organs.
Thymus, bone marrow are primary hymphoid
organs. The secondary lymphoid organs are
lymph node, MALT, GALT and BALT,

An antigen isasuhstance that is specifictoan
antibody. An immunogen is a substance capable
of initisting an immune response. Haptens are
substance that are non-immunogenic but can
react with the product of a specific immune
response. Substances that can enhance the
immune response o an antigen are cafled
adjuvants. An epitope is also known as antigenic
determinant and is the active part of the antigen.
A paratope is the part of antibody. Precipitation,
agglutination, neutralization. opsonisation eftc.,
arc the different types of antigen and antibody
reaction. A vaccine is biological preparation
that provides active acquired immunity. The
malfunctioning of immune system leads
o hypersensitivity, immunodeficiency  or
autoimmune diseases. A tumour or neoplasm
is a group of cells whose growth has gone
unchecked. The best results in the treatment of
cancer is achieved by an integrated approach 1o
therapy, surgery. radiotherapy, chemotherapy
and immunotherapy:
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Evaluation
I. Colostrum provides

immunity

t) Naturally acquired
passive immunity

c) Artificially acquired active
Immunity

d} Artificially acquired passive immunity

2. Paratope is an
(a) Antibody binding site on variable egions
(b} Antibody binding site on heavy regions
{c) Antigen binding site on variable regions
(d) Amntigen binding sitc on heavy regions
3. Allergy involves
a) Igk b} IgG
o) IgA d} 1ghd
4. Anaphylactic shock is due to
ia) Allergic reaction
(b} Secretion of loxins
(c} Secretion of histamines
(d) All the above
5. Spread of cancerous cells to distant sites
is termed as
(a) Metastasis
(b} Omcogenes
(c) Proi-oncogenes
(d} Malignant neoplasm
6. AIDS virus has
{a) Single stranded RNA
(b} Double stranded RNA
(c) Single stranded DNA
(d) Double stranded DNA
7. All are peripheral lymphoid organs except

(a) Lymph nodes
(b} Spleen
(c}) Mucosa associated lymphoid tissue
(d) Thymus

8. Which is a macrophage?
(a) Monocyte (b) Erythrocyte
(c) Thrombocyte  (d) Lymphocyte

e "..J-T'_".'l |
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9.

True about interferon is that

{a) Itissynthetic antiviral agent
(b) Itinhibits viral replication in cells
{c} It is specific for a particalar virus
{(d}) It causes infection

10. Cell mediated immunity is carried out

I

|

13

14,

by............. while humoral immunity is
mainly carried out by

(a) B cellsiT cells

(b) Epitopes/antigens

(c) T cells/B cells

(d) antibodies/antigens

B Cells are activated by

(a) Complement

(b) Antibody

{c) Interferon

(d) Antigen

In  agglutination and precipitation
reactions. the antigenisa
and respectively

{a) Whole cell/soluble molecule

(b) Soluble moleculeiwhole cell

(c} Bacterium/virus

(d) Protein/Antibody

B cells that produce and release large
amounts of antibody are called

{a) Memorycells (b} Basophils

(c) Plasma cells  (d) killer cells

Raja is injured and got swelling. The
swelling is due to the infection of tissue is
an example of

{a} Mechanical barrier
(b} Physiological barrier
(c} Phagocytosis

(d) Inflammation

15. Given below are some human organs.

Identify one primary and one secondary
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I6.
17.
[8.

9.
20.

21.

2.

23.

24,

25,

6.

27.

28.
29.

30.

lymphoid organ. Explain its role
Liver, thymus, stomach, thyroid, tonsils

How does saliva act in body defence?
How docs immune system work?

Mame and explain the type of barriers
which involve macrophages.

What are interferons? Mention their robe.

List out chemical alarm signals produced

during inflammation.

Differentiate between

(a) Innate immunity
Immunity

(b) Primary and secondary
MCSPONSES

(c) Active and passive immunity

(d) Humoral and CMI immunity

(e) Autoimmune disease and

Immunodeficiency disease

Where are B-cells and T-cells produced in

the human body? How do they differ from
cach other? Mention any two differences.

and  acquired

iMmune

Explain the process of replication of
retrovirus after it gains entry into the
human body.

Why is an antibody molecule represented
as H, L7

Explain the structure of immunoglobalin
with suitable diagram.

What are the cells involved innate immune
system?

Why is opsonisation efficient in
phagocytosis?

What is vaccine? What are its types?

A person is infected by HIV. How will you

diagnose for AIDS?
Autoimmunity is 2 misdirected immune

response. Justify.

15 Immaenslogy
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ICT CORNER
IMMUNOLOGY

| Let us do examine to know the
chronic disease - sysiemic lupus
erythematosus {SLE)

Procedure

Step -1 : Type the URL or scan the QR code to open the activity page. Click “To enter the lab”™ o
slart the test

Step -2 : Follow the interactive steps guided by the virtual lab starting from centrifugation and to
ELISA.

Step -3 : On the right, Find the ditferent headers such as "Diagnosis, Background, Notchook,
Glossary and Help® and dick to know the viral procedure happening aside on the lefi.

Step - 4 : Find “Launch Gene Body™ on the right botiom of the window, and Click it 1o analyse
@ s et bt e chosiing. @

Step -5: Complete this ELISA to know a patient acquired the disease or noL

IMMUNOLOGY URL:

http://medta hhmt orp/blointeractive/vlabs/immunology/index himl?
ga=2.219254800. 12537961 28.1545 143882 - 264 360672.1 5451 43882

*Mitures are indigitve cnly
* Albowr flash player

147 Immaenslogy

| | 1G5 Tombegy Sewsiee ! B mms TLT -@-



UNIT -

Chapier outline

9.1 Microbes in houschold products
o2 hﬁ:r-n'ﬂmindl,l.'ilﬁllpl‘udm‘h
93 Microbes in sewage treatment and

1]

Microbes in
Human Welfare

94 Microbes in the production of hiogas

AL Bioremediation

@ Loamingobicive

¥ Dijferenliaies profiotics from

pathogens.

¥ Undersltands the use of microbes in

household products.

¥ Realizes the applications of microbes in

bio-remediaiion.
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Saccharomyces crrevisior, @ species of yeast
used in bakimg and brewing imdusirye

Microbes such as  bacteria, fungi,
protlozoa, certain algae, viruses, viroids and
prions are some of the major components
of the biological system on Earth. Several
microorganisms are beneficial and contribute
to human welfare. Microbes are present
everywhere — in soil, water, air and within
bodies of animals and plants. Microbes like
bacteria and fungi can be grown on nutritive
media to form colonies which can be visibly
seen. Some of the microbes useful to human
welfare are discussed here.

9.1 Microbes in household
products

In every day life, microbes and their
products are used in the preparation of idli,
dosa, cheese, curd, yogurt, dough, bread,
vinegar, elc., Bacteria like Lactobacillus
acidophilus, L. lactis and Streplococcus lactis
commaonly called lactic acid bacteria (LAE)
are probiotics which check the growth of
pathogenic microbes in the stomach and
other parts of the digestive tract.

The LAB bacteria grows in milk and
convert it into curd, thereby digesting the milk
protein casein. A small amount of cord added
to fresh milk as a starter or inocublum contains
millions of Lactobacilli, which under suitable

s |
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temperature (=40°C) multiply and convert
milk into curd. Cord is more notritions than
milk as it contains a number of organic acids

and vitamins.
i ﬁ!l beneficial microorganisms.
Probiotics ane live
microorganisms inlended 1o provide health
benefits when  consomed, generally by
improving or restoring the gut flora.

Prebiotics are compounds
in food (fibers) that induce

the growth or activity of

*
-y

Yogurt is produced by bacterial
fermentation of milk, and lactic acid is
produced as a byproduct. Microorganisms
such as Streptococcus  thermophilus  and
Lactobacillus bulgaricus coagulate the milk
protein and convert the lactose in the milk
to lactic acid. The flavour in yoguort is due to
acetaldehyde.

Cheese i5 a dairy product prodoced in a
wide range of Havours, textures and is formed
by coagulation of the milk protein, casein
During cheese production, milk is usually
acidificd and the enzyme rennet is added to
cause coagulation. The solids are separated and
pressed to form cheese. Most cheese are made
with a starter bacteria, Laciococcus, Lactobacillus
or Streplococcus.

Paneer {cottage cheese) is fresh cheese
common in South Asia, especially in India
It is made by curdling milk with lemon juice,
vinegar and other edible acids. Large holes in
Swiss cheese is due to the production of large
amount of carbon-di-oxide by the bacterium
Propionibacterium shermanii.

The dough used in the preparation of idlis and
dosas are fermented by the bacteria Lenconostoc
mesenieroides whereas the dough used in
bread making is fermented by Saccharomyces
cerevizsige (Baker's Yeast). Fermentation of
glucose mainky forms ethyl alcohol and carbon-

| | 3 e Toplogy Trmester & Sl leas TG

di-oxide, which is responsible for leavening of
dough. When leavened dough is baked, both
carbon-di-oxide and ethyl alcohol evaporate
making the bread porous and soft.

Single Cell Protein (SCP)

Single cell protein refers to  edible
anicellular microorganisms like Spiruling.
Protein extracts from pure or mixed cultures
of algae, yeasts, fungi or bacteria may be used
as ingredient or as a substitute for protein rich
foods and is suitable for human consumption
or as animal feed.

9.2 Microbes in industrial

products

Microbes are used to synthesize a number
of products valuable to human beings. Products
like beverages, antibiotics, organic acids, amino
acids, vitamins, biofuels, single cell protein,
enrymes, steroids, vaccines, pharmaceutical
drugs, eic., are prodoced in  industries.
Production on a large scale requires growing
microbes in very large vessels called fermentors.
A fermentor (bioreacior) is a cdosed vessel with
adequate arrangement for aeralion, agitation,
temperature, pH control and drain or overflow
vent o remove the waste biomass of cultured
microorganisms along-with their products.

9.2.1 Antibiotic production

Antibiotics am chemical substances
produced by microorganisms which can kill
or retard the growth of other disease causing
microbes even in low concentration. Antibiotic
means ~against life”. Antibintics are used to treat
diseases such as plague, meningitis, diphtheria,
syphilis, leprosy, twberculosis eic.. Selman
Waksman discovered Streplomycin and was the
first to use the term “antibiotic™ in 1943,

While working on Staphylococa bacteria,
Alexander Fleming observed a greem mould
growing in one of his unwashed culture plates
aronnd which Stapiydococd could not grow. He

143 WiCm0Es i Humsn Wellse
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found that it was due to a chemical produced
by the mould and be named it as penicillin,
which was the first antibiotic discovered by
Alexander Fleming in 1926 (Fig. 9.1). Penicillin
is produced by the fungi Pemicillivm notatwm
and Pemicillium chrysogemum. I is bactericidal
(antibiotics that kill bacteria) in action and
inhibits the synthesis of the bacterial cell wall.

Penicillin is also referred as the “queen
of drugs" and its full potential as an elfective
antibintic was established muoch later by
Earnest Chain and Howard Florey when they
treated the wounded soldiers in World War 11
with penicillin. Fleming, Chain and Florcy
were awarded the Nobel prize in 1945 for the
discovery of penicillin

Antibiosis is the property of antibiotics o

Fig. 9.1 Discovery of penicillin
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H stiviy A

@!_‘ is & major problem with
the wse of penicllin,

4 resulting  in naosea,
vomiting. wheezing  and

ultimately cardiovascular collapse. To check
the sensitivily reaction, doclors use a needbe
to prick the forearm of the patients to give a
weak dose of penicillin. An itchy red region in
the forearm & an indication that the patient
is allergic to peniciilin. This test is imporiant
before administration of penicillin to a patient.

Tetracycline is a bmad spectrum
bacteriostatic antibiotic (antibiotics that limit the
growth of bacteria) that inhibits microbial protein
synthesis. Chlortetracycline is the first antibiotic
of this groop, isolsted from the cuoltures of
Streplomyoes  aurecfaciens.  Streplomycin s
a broad spectrum antibiotic isolated from
the actinomycetes, Sireplowryces griseus. Ib is
bactericidal against both gram positive and
gram negative bacleria, especially  against
Mycobacterium  fuberculosis.  Antibiotics, such
as erythromycin, chloromycetin, griseofulvin,
ncomycin, kenamycin, bacitracin, eic.. are also
isolated as microbial products.

Antibiotic resistance

Antibiotic resistance occors when bacteria
develop the ability to defeat the drog designed
o kill or inhibit their growth. 1t is one of the
most acute threat to public health. Antibiotic
resistance is accolerated by the misuse and
over use of antibiotics, as well as poor infection
prevention conirol. Antibiotics should be used
only when prescribed by a certified health
professional. When  the bacteria  becomse
resistant, antibiotics cannot fight against them
and the bacteria muoltiply. MNarrow spectrum
antibiotics are preferred over broad spectrum
antibiotics. They effectively and accurately target
specific pathogenic organisms and are less likely
I cause resistance. " Superbug” is a term used to
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describe strains of bacteria that are resistant to
the majority of antibiotics commonby used today:

9.2.2 Fermented beverages

Microbes especially yeast is being used
from time immemorial for the production
of beverages like wine, beer, whisky, brandy
and rum. Wine is among the oldest alcoholic
beverages known and is produced by
fermentation of fruit juice by yeast. Zymology
is an applied science which deals with the
biochemical process of fermentation and its
practical nses.

Saccharomyces cerevisiae commonly
called brewer’s yeast is used for fermenting
malted cereals and fruit juices to produce
various alcoholic beverages. Wine and beer
are produced without distillation, whereas
whisky, brandy and rum are obtained by
fermentation and distillation.

# The Pasteur effect is the
* inhibiting effect of oxygen
b on the fermentation

Process.

Ocnology is the sdence and study of
wine and wine making Wine is made from
the fermentation of grape juice. Grape juice is
fermented by various strains of Saccharomyces
cerevisiae into aloohol. Grape wine is of two types,
red wine and while wine. For red wine, black
grapes are used including skins and sometimes
the stems also are used. In contrast while wine is
prodoced only from the juice of either white or
red grapes without their skin and stems.

Beer is produced from germinated barey
or Saccharomyces cerevisise. Bnm s made
from f[ermented sugarcane or molasses or
cerevisiae. Whisky is a type of distilled alcoholic
beverage made from fermented grain mash by

| | Wi B Toplegy Crmesier-§ S lese 727

Alcohol content in various beverages

Beer - 3 -5 percent.
Wine - 9- 14 percent
Wine coolers - 4 - 6 percent
Whiskey, Gin,

Scotch and Vodka - 35 - 50 percent.

In some parts of South India, a traditional
drink called pathancer is obtained from
fermenting sap of palms and coconut trees. A
commaon source is lapping of unopened spadices
of coconut. It is a refreshing drink, which on
boiling produces jaggery or palm sugar. When
pathaneer is left undisturbed for few hours it
gets fermenied to form toddy with the help of
naturally occurring yeast, o form a beverage
that contains 4 percent alcohol. After 24 hours
toddy becomes unpalatable and is used for the
production of vinegar.

Saccharomyces cerevisige is the major
producer of ethanol (CH.OH). It is used for
indusirial, laboratory and fuel purposes. So
cthanol is referred 1o as industrial aloohol
Bacteria such as Zymomonas mobilis and Sarcina
ventricull are also involved in ethanol production.
The principal substrates for the commercial
production of industrial aloshol indude molasses
or corm, potatoes and wood wastes. The process
of ethanol production starts by milling a feed
stock followed by the addition of dilute or fungal
amylase (enzryme) from Aspergifius o break
down the starch into fermentable sugars. Yeast
is then added to convert the sugars 1o ethanol
which is then distilled off to obtain ethanol which
is upto 9% percent in concentration. The two
most common type of biofoels in use today are
cthanol and biodiesel, both of them represent the
first generation of biofuel technology. Ethanol is
ofien used as a fuel, mainly as a biofuel additive
for gasoline.

1E1 WiCm0Es i Humsn Wellse

e ".:J-Erl-lll |



) — T T

Biodiesel is a fuel made from vegetable oils, fats or greases. Biodiesel fuel can be used in diesel
engines without altering the engine. Pure biodiesel is non-toxic, bindegradable and produces
lower level of air pollutants than petroleum-based diesel fuel. The Government of India
approved the Mational Policy on Biofuels in December 2009 and identified fafropha curcas as
the most suitable oilseed for biodiese]l production. Pongamia species is also a suitable choice

for production of biediesel.

CH,0,  Yeast 2C,H,OH +2C0,T
(Clucose)  Vermeniation {Ethanal}

*  World bioluel day is
~ opbserved every year on
- 10th Aungust o create

awarcness about  the

imporiance of renewable
bio-fuels as an alternative to conventional
non-renewable fossil fuels. This day also
highlights the various efforts taken by the
Government in the biofael sector.

9.2.3 Chemicals, enzymes and other
bioactive molecules

Microbes are notonly used for commercial
and industrial production of alcohol, but also
used for production of chemicals like organic
acids and enzymes. Examples of organic acid
producers are Aspergillus niger for citric acid,
Acetobacter aceti for acetic acid, Rhizopus
oryzae  for fomaric acid, Clostridium
butyricum for butyric acid and Lactobaciilus
for lactic acid.

Yeast {Saccharomyces cerevisie) and
bacteria are wsed for commercial production
of enzymes. Lipases are used im detergent
formulations and are used for removing oily
stains from the laundry. Bottled juices are
clarified by the use of pectinase, protease and
cellulase. Rennet can also be used Lo separate
milk into solid curds for cheese making
Streptokinase produced by the bacterium
Streptococcus  and  genctically  engineered
Streptococci are used as “clol buster”™ for
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removing clots from the blood wvessels of

patients who have undergone myocardial

infarction.

Cyclosporin A, an immunosuppressant
used in organ transplantation is prodoced
from the fungus Trichoderma polysporum. It
is also nsed for its anti-inflammatory, anti-
fungal and anti-parasitic properties. Stalins
produced by the yeast Momascus purpureis
have been used to lower blood cholesterol
levels. It acts by competitively inhibiting
the enzyme responsible for the synthesis of
cholesterol. Recombinant human insulin
has been produced predominantly using E
coli and Saccharomyces cerevisine  for
therapeutic use in human.

9.3 Microbes in sewage
treatment and energy
generation
Sewage is the waste gencrated every day

in cities and towns containing human excreta
It contains large amounts of organic matter and
microbes, which are pathogenic to humans and
are bio-degradsble pollutants. Domestic waste
consisis of approximately 99 percemt water,
suspended solids and other soluble organic and
inorganic substances. Sewage should not be
discharged directly into natural water bodies
like rivers and streams. Before disposal, sewage
should be treated in sewage treatment plants to
make it less polluting.

Microbes{mass of bacteria floc) are allowed
to grow in acrated water (secondary treatment).
They consume major part of organic matter in
the efffuent and redoce the BOD in the waste

waler({ The details on waste waler treaglmenlt &re
discussed in chapter 13}
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9.3.1 Microbial Fuel Cell (MFC)

A Microbial Foel Cell is a bio-electrochemical
sysiem that drives an eleciric current by using
: e ol interact
found in nature (Fig. 9.2). Microbial Fucl Cells
work by allowing bacteria to oxidize and reduce
organic molecules. Bacterial respiration is basically
one hig redox reaction in which ebectrons are
being moved around. A MFC consists of an anode
and a cathode separated by a proton exchange
membrane. Microbes st the anode oxidize the
organic fuel generating protons which pass
through the membrane o the cathode and the
electrons pass through the anode 10 the external

circuit 1o generate curmentl
o
- |
"
ﬂ:_i.q.l-lt
2H,0
. il
. Auseriobsi: Chwmmndres "+ -2 L 2™" " Aersbic Chumbusr |

Probon exchangs mesmlicaie
Fig. 9.2 Microbial Fael Cell

9.4 Microbes in the production of

biopas

Biogas is a mixture of different gases
produced by the breakdown of organic matter in
the absence of oxygen. Biogas can be produced
from raw materials such as agricultural wastes,
manure, municipal wastes, plant material,
sewage, food waste, elc. Biogas is produced
umder anaerobic condition, when the organic
materials are converted throngh microbiological
reactions inlo gas and organic fertilizer. Biogas
primarily consists of methane (63 percent), along
with C0y and hydrogen. Methane prodocing
bacteria are called methanogens and one such
common  bacterium s Methanobacterium.
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Biogas is devoid of smell and burns with a blue
Hame withonot smoke. The Methamogens are also
present in anacrobic sludge and rumen of cattle.
In rumen, these bacteria help in the breakdown
of ceflulose. The excreta of cattle called dung is
commanly called *Gobar” Gobar gasis generated
by the anaerobic decomposition of cattle dung. It
consists of methane, CO, with some hydrogen,
nitrogen and other gases in trace amounts.

= AL jﬂh

Fig. 9.3 Biogas Unit

In a biogas plant, anacrobic digestion is
carried out in an air tight cylindrical tank known
as digesier (Fig. 9.3). It is made op of concrete
bricks and cement or stecl. Bio-wastes ane collected
and slurry of dung is fed inio this digester. It
has a side opening into which organic materials
for digestion are incorporated for microbial
activity. Anaerobic digestion is accomplished
in throe stages: solubilisation, acidogenesis and
methanogenisis. The outlet is connected o a pipe
to supply bingas. The shury s dramed throogh
another ootlet and i used as fertilizer Biogas is
used for cooking and lighting. The technology of
biogas production was developed in India mainly
due to the efforts of Indian Agricultural Research
Institute (IART) and Khadi and Village Industries
Commission (KVIC).

9.5 Bioremediation

The use of ’E
naturally occorring or |
engineerced J
microorganisms to reduce =

or degrade pollutants is E-‘ 5

genetically
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called bioremediation. Bioremediation is
less expensive and more sustainable than
other remediations available. It is grouped
into imsifu bioremediation (treatment of
contaminated soil or water in the site)
and exsilw bioremediation (treatment of
contaminated soil or water that is removed
from the site and treated).

9.5.1 Microorganisms involved

in bioremediation

Aerobic microbes degrade  the
pollotants in the presence of oxygen. They
mainly degrade pesticides and hydrocarbons.
Pseudomonas  putida is a  genctically
engincered microorganism (GEM). Ananda
Mohan Chakrabarty obtained patent for
this recombinant bacterial strain. It is multi-
plasmid hydrocarbon-degrading  bacterium
which can digest the hydrocarbons in the oil
spills (Fig. 9.4).

FE % Uk

-|.l--|- [ p—
——— S
. >

Fig. 9.4 The process of bioremediation

Nilrosomonas curopaea is also capable
of degrading benzene and a wvaricty of
halogenated organic compounds including
trichloroethylene  and  wvinyl chloride
Ideonella sakniensis is currently tried for
recycling of PET plastics (Fig. 9.6). These
bacteria use PETase and MHETase enzymes
to breakdown PET plastic into terephthalic

acid and cthylene glycol.

Anaerobic microbes degrade the
pollutants in the absence of oxygen.
Dechloromonas aromatica has the ability

to degrade benzene anmaerobically and to
oxidize toloene and xylene. Phanerochaeie
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chrysosporium an anacrobic fungus exhibits
sirong potential for bioremediation of
pesticides,  polyaromatic  hydrocarbons,
dyes, (trinitrotoluene, cyanides, carbon
tetrachloride. etc.. Dehalococcoides species
are responsible for anacrobic bioremediation
of toxic trichloroethene to non-toxic ethane.
Pestalotiopsis microspora is a species of
endophytic fungus capable of breaking
down and digesting polyurethane. This
makes the fungons a potential candidate for
bioremediation projects involving large
quantities of plastics.

it i Vo sagmra

RN e

& RRpiEre g =7

/ J__),
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el =
i i aibvpimrm — PET Bole

ghpoat et |
Fig. 9.6 Actions of ldeonella sakaiensis

Summary

All microbes are not pathogenic, many of
them are beneficial to human beings. We
nse microbes and their derived products
almost every day. Lactic acid bacteria convert
milk into curd. Saccharomyces cerevisiae
(yeast) is wsed in bread making Idly and
dosa are made from doogh fermented by
microbes. Bacteria and fungi are used in
cheese making. Industrial products like lactic
acid, acctic acid and alcohol are produced
by microbes. Antibiotics are produced from
useful microbes to kill the discase causing
harmful microbes. For more than a hundred
years, microbes are being uwsed o treat
sewage by the process of activated sludge
formation. Bio-gas produced by microbes is
ased as a source of energy in rural arcas. In
bio-remediation mnaturally occurring or
genctically engineered microorganisms are
psed to reduce or degrade pollutants.
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Evaluation

L.

Which of the following microorganism is used
for production of ditric acid in industries?

a) Lactobaciltus bulgaris
b) Pemicillium cilrimum

c) Aspergillus miger

) Rhizopus migricans

Which of the following pair is correctly
matched for the product produced by them?
a) Acetobacter aceti - Antibiotics
b} Methanobacterium - Lactic acid

<) Penicilium notatum - Acetic acid

d) Saccharomyces cerevisiae - Fthanol

The most common substrate used in
distilleries for the production of ethanol
L'i—

a) Soyameal

b} Groondgram

) Molasses

d) Com meal

Cyclosporin — A is an immunosuppressive
drug produced from

a) Aspergillus niger

b} Manascus purpureus

<) Penicillium notatum

d) Trichoderma polysporum

€0y, is not released during

a) Alcoholic fermentation

b) Lactate fermentation

) Aerobic respiration in animals
d) Aerobic respiration in plants

| | 3 B Toplegy Trmester-§ (Sl lese] TIE

6. The purpose of biological treatment of waste

waler is Lo
a) Reduce BOD b)) Increase BOD
) Reduce sedimentation

d)} Increase sedimentation

7. The pases produced in anacrobic sludge
digesters are
a} Methane, oxygen and hydrogen sulphide.
b) Hydrogen sulphide, methane and sulphur
dioxide.
)} Hydrogen sulphide, nitrogen and methane.
d) Methane, hydrogen sulphide and CO,.

8. How is milk converted into curd? Explain
the process of curd formation.

9. Give any two binactive molecules produced
by microbes and state their nses.
10. Define the following terms:
a} Antibiotics
b) Zymology
c) Superbug

1 1. Write short notes on the following:

a) Brewer's yeast
b) ldeomella sakaiensis
) Microbial Fuel Cell

12. List the advantages of biogas plants in rural

areas.
13. When does antibiotic resistance develop?

4. What is referred to as industrial alcohol?
Briefly describe its preparation.

[5. What is bioremediation?

1B WiCm0Es i Humsn Wellse
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i) ICT CORNER
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How the fermentation lakes place? Let us .H
experiment it virtually

Procedure :

Step -1: Type the URL or scan the QR code to open the activity page and dick *START™ o begin
the fermentation experiment.

Step -2: Click “next”™ for all the flasks combination.

Step -3: When the “Matching Game™ starts to know the result, *Drag and place™ the combination
perfectly o their respective Hasks.

Step - 4 :Goon through the other tests, explanations and the principle involved in the fermentation

PrOCEsS.
MICROBES IN HUMAN WELFARE URL:
hittp:/iwww.bch cubk edu bhk/vlab2/animation/fermentation/

*Piciures are indicaiive maly

 Allonw fash player
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"Char world & built on Fiology”

cfore we start this chapter, it will be helpful

il you revise the structure of DMA, Proirin
synthesis for a wide range of applications induding
the production of therapeutically important
proteins. This also imvolves extracting a gene from
one organism and transferring it to the DNA of
another organism, of the same or another species.
The DMA prodoced in this way is referred 1o as
recombinant DMA (rDNA) and this technique as
the broad field bitechnology which can be defined
as the applications of scientific and engineering
principles to the processing of material by biological
agenis to provide goods and services.
Biotechnology is an umbrella term that covers
various techniques for using the properties of
[iving things to make products or provide services.
The term biotechnology was first used before
205 century for such traditional activitics as
making idli, dosa, dairy products, bread or
wineg, but none of these would be considered
biotechnology in the modern sense.
In this chapter we will study the applications
of bio-technology in various fields including
the field of Medicine. Recombinant DMNA

technology has led to the large scale
production of various hormones and proteins

of therapentic use.

167
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10.1 Applications in Medicine

10.1.1 Recombinant Human Insulin

The Human insulin is synthesized by the
fi cells of Islets of Langerhans in the pancreas. It
isformed of 51 aminoacids which are arranged
in two polypeptide chains, A and B. The
polypeptide chain A has 21 amino acids while
the polypeptide chain B has 30 amino acids.
Both A and B chains are attached together by
disulphide honds. Insulin controls the levels
of glucose in blood. It facilitates the cellular
uptake and uviilization of glucose for the
release of energy. Deficiency of insulin leads
to diabetes mellitus which is characterized by
increased blood glucose concentration and
a complex of symploms which may lead to
death, if untreated. A continuons program of
insulin dependence is required o treat this
deficiency.

In the early years, insulin isolated and
purified from the pancreas of pigs and cows
was used to treat diabetic patients. Due
to minor differences in the structure of
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the animal insulin as compared to human
insulin, it resulted in the occurrence of
allergic reactions in some diabetic patients.
Production of insulin by recombinant DNA
technology started in the late 1970s. This
technique involved the insertion of human
insulin gene on the plasmids of Ecoli. The
polypeptide chains are synthesized as a
precursor  called pre-pro  insulin, which
contains A and B segments linked by a third
chain (C) and preceded by a leader sequence.
The leader sequence is removed after
translation and the C chain is excised, leaving
the A and B polypeptide chains (Fig. 10.1).
Insulin was the first ever pharmacentical
product of rccombinant DNA technology
administered to humans. The approval 1o use

recombinant insalin for diabetes mellitus was

given in 1982 In 1986 human insulin was
marketed under the trade name Homulin.

Mﬂd.ﬂl‘lﬁ!g‘in 1921, isolated insulin from

Fig. 10.1 Human Insulin Production



) — T T

10.1.2 Human alpha lactalbumin

Alpha lactalbumin is a protein composed
of 123 amino acids and 4 disulphide bridges,
with a molecolar weight of 14178 Do In
human milk, a lactalbumin is the most
abundant protein comprising 25% of total
protein found in human milk. It is synthesized
by the mammary glands. a lactalbumin
binds calcium and zinc ions and possesses

bactericidal and anti tumowr activities.

Improvement of the nuiritional value
of cow's milk with transgenic expression of
recombinant human alpha lactalbumin has
been attempied. Healthy transgenic cows were
produced by somatic nuclear transfer, in which
cxpression of upto 1.55g/L of recombinant
human alpha lactalbumin was achieved.
Similarly transgenic goats were also prodoced,
in which the expression of Human alpha
lactalbumin was about 0.1 to 0.9mg/ml..

Somatic cell nuclear transler & a
technigue for creating a viable embryo from
a body cell and an egg cell. This technigoe is

*  In 1997, Rosie, the first
™ transgenic cow produced
it human protein enriched

milk, which contained the
buman alpha lactalbumin. The protein
rich milk (2.4 gm/litre)} was a nutritionally |
balanced food for new born babics than
the normal milk produced by the cows.

10.1.3 Imterferons

Interferons are proteinaceous, antiviral,
specics  specific  substances  produced by
mammalian cells when infected with viruses.
Interferons were discovered by Alick Isaacs and
Jean Lindemann in 1957 Based on the structure
of interferons they are dassified as @, f and y
interferons. They stimulate the cellular DNA to
produce antiviral enzymes which inhibit viral
replication and protect the cells. Interferons

| | W B Topkegy Trmesis 15 EhilingE TI6

could be isolated from blood, but the amount
of blood required for isolation of interferons is
enormous and not practical. To overcome this
issuc interferons could be produced by rDNA
technology. The yeast Sac CETEVISiage
is more suilable for production of recombinant
interferons than Ecoli, since Ecofi does not
possess the machinery for ghycosylation of
proteins. Interferons are used for the treatment
of various diseases like cancer, ATDS, multiple
sclerosis, hepatitis C and herpes zoster. In spite
of the therapeutic applications interferons are
not within the reach of the common man due to

high cost for its production.

10.1.4 Recombinant Vaccines

Recombinant DNA technology has been
used to produce new gencration vaccines. The
|imitations of traditional vaccine produciion could
be overcome by this approach.

The recombinant vaccines are generally of
uniform quality and produce less side effects as
compared tothe vaccinesproduced by conventional
methods. Ditferent types of recombinant vaccines
include subunit recombinant vaccnes, altenuated
recombinant vaccines and DMNA vaccines.

Subunit recombinant vaccines

Vaccines that nse components of a pathogenic
organism rather than the whole organism are called
is very suited for developing new subunit vacdines.
It inchades components like proteins, peptides and
DMAs of pathogenic organisms. The advantages of
these vaccines inclede their purity in preparation,
Attenualed recombinant vaccines

This incledes genetically modibed
pathogenic organisms (bacteria or wviruses)
that arr made nonpathogenic and are uwsed
as vaccines. It is now possible o genetically
engincer the organisms (bacteria or viruses) and
use them as live vaccines and such vaccines are
referred to as attenuated recombinant vaccines.

169 Applications of Bsolechnology
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encoded Edible vaccines are mucosal
vaccines which cause stimolation
af and mocosal immune

DMA Vaccines

Genetic immunisation by using PNA vaccines
is 2 novel approach that came into being in 1990
The immune response of the body is stimulated
by & DNA molecule. A DNA vaccine consists of a
gene encoding an antigenic protein, inserted onto
a plasmid, and then incorporated into the cells in

a target animal. DMA instructs the cells o make
antigernic molecales which are displayed on its
surfaces. This would evoke an antibody response
to the free floating antigen secreted by the cells
The DNA vaccine cannod cause the discase as il
conlains only copies of a few of its genes. DNA
vaccines are relatively easy and inexpensive to

Vaccines produced by these new technigues
have defmite advantages like producing target
proteins, long lasting immunity and trigger
with less touic effects.

Recombinant hepatitis B vaocine & a
subunit vaccne 0 is produced by combining
Hb (Hepatitis B Virus) antigen producing gene
in a plasmid DMNA olvained from a bacteria. The
resultant recombinant DNA is cloned in the yeast,
Saccharomyces cerevisiae (Fig. 10.2).

The recombinant vaccine for hepatitis B (HbsAg) was the first synthetic vaccine lannched in 1997
which was marketed by trade names Recombivax and Engerix-B. India is the fourth country in the

@ world after USA, France and Belgium to develop an indigenous hepatitis B vaccine
o2 i
[ \H“—— ——*"/ i
{ Recombinant s
Bacterium =
7 = Extraciion &
Hepatitis B purification of
Virus HE antigen P HE vaccine
producing 3
gens ,Q k“Q'ii;:D Recombinant yeasl

et . ~| cell multiplying and
o E,M ':,Q' "fl;’;’ producing HE antigen
— in fermeniation lank

/8 ™
Bacierial o Plasmid DMA MQ‘_E:"J
DA cut with restriciion L
T - . . Fermentation
o == Tank
2Ol ©
Plasmid | )
DMA i iy e
- en R :
Bacterium HB anligen

Fig. 10.2 Production of recombinant HE Vaccine
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10.2 Gene Therapy

If 2 person is born with a hereditary
discase, can a corrective therapy be given
for such disease? Yes, this can be done by a
process known as gene therapy. This process
involves the transfer of a normal gene into a
persons cells that carrics one or more mutant
alleles. Expression of normal gene in the
person results in a functional gene product
whose action produces a normal phenotype.
Delivery of the normal gene is accomplished
by using a veclor. The main thrust of gene
therapy has been directed at correcting
single gene mutations as in cyslic fibrosis and

haemophilia. At present most genetic diseases

have no effective treatment and so gene therapy
coold offer hope for many people. There are
two strategies involved in gene therapy namely;
Gene angmentation therapy which involves
insertion of DNA into the genome to replace
the missing pene product and Gene inhibition
therapy which involves insertion of the anti
sense gene which inhibits the expression of the
dominant gene (Fig. 10.3).

The two approaches to achieve gene therapy
are somaltic cell and germ line gene therapy.
Somatic cell therapy involves the insertion of
a fully functional and expressible gene into a
target somatic cell to correct 2 penetic discase
permancnlly whereas Germline gene therapy

Table 10.1 Diffentiation between somatic cell gene therapy and germ line gene therapy

Therapeutic genes transferred into the somatic | Therapeutic genes transferred into the germ
cells. cells.

@ Introduction of genes into bone marmow cells,

bloiod cells; skin colls et Genes introdoced into eggs and sperms. &

Will not be inherited in later generations. Heritable and passed on to later generations.

The first clinical geme therapy was given in 1990 by French Anderson o a four
year old girl with adenosine deaminase (ADA) deficiency. ADA deficiency or SCID
(Severe combined immunodeliciency) is an aotosomal recessive metabolic disorder. I is
cansed by the deletion or dysfunction of the gene coding for ADA enzryme. In these patients
the nonfunctioning T-Lymphocytes cannot elicit immune responses against invading
pathogens. The right approach for SCID treatment would be to give the patient 2 functioning

In some children ADA deficiency could be cured by bone marrow transplantation,
where defective immune cells could be replaced with healthy immune cells from a donor. In
some patients it can be treated by enzyme replacement therapy, in which functional ADA is
R

During gene therapy the lymphocytes from the blood of the patient are removed and
grown in a nutrient colture medium. A healthy and functional human gene, ADA cDNA
encoding this enzyme is introduced into the lymphocytes nsing a retrovirus.  The genetically
engincered lymphocytes are subsequently returned to the patient. Since these cells are not
The disease could be cured permanently if the gene for ADA isolated from bone marrow cells
are introduced into the cells of the early embryonic stages. .

161 Applications of Bslechnology
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Fig. 10.3 Process of gene therapy

involves the introduction of DINA into germ cells
which is passed on (o the successive generations.
Gene therapy involves isolation of a specific
gene and making its copics and inserting them
into target cells 10 make the desired proteins.
It is absolutely essential for gene therapists o
ensure that the gene is harmiess 1o the patient
and il is appropriately expressed and that the
body’s immune system does not react to the
foreign proteins produced by the new genes.
10.3 Stem Cell Therapy

Stem cells are undifferentiated cells
found in most of the molti cellular animals.
These cells maintain their undifferentiated
state even after undergoing numerous mitotic
divisions.

Stem cell research has the potential to
revolutionize the future of medicine with the
ability o regenerate damaged and diseased
organs. Stem cells are capable of self renewal
and exhibil ‘cellular potency” Stem cells can
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differentiate into all types of cells that are
derived from any of the three germ layers
ectoderm, endoderm and mesoderm.

In mammals there are two main types
of stem cells — Embryonic Stem Cells (ES
Cells) and adult stem cells. ES Cells are both
pluripotent (can produce the three primary
germ  layers  ectoderm, mesoderm  and
endoderm) and multipotent (can differentiate
into a number of types of cells) (Fig. 10.4).
ES cells are isolated from the epiblast tissue
of the inner cell mass of a blastocyst. When
stimulated, ES Cells can develop into more
than 200 cells types of the adult body
ES Cells are immortal Le., they can proliferate
in a sterile culture medium and maintain their
andifferentiated state.

Adult stem cells are found in various tissues
of children as well as adults. An adult stem cell or

somatic stem cell can divide and create another
cell similar to it Most of the adalt stem cells are

e ".E'E'-Gl |




multipotent and can act as a repair system of the
body, replenishing adult tissues. The red bone
marrow is a rich source of adult stem cells.

The most important and polental
application of human stem cefls is the generation
of cells and tisspes that could be used for cell
based therapics. Human stem cells could be wsed
1o test new drugs.

Totipotency (Toti-total) is the ability
of a single cell w divide and produce all of
the ditferentiated cells in an organism.

PMuripotency (Pluri-several) refers to a
stem cell that has the potential to differentiate
into any of the three germ layers-ectoderm,
endoderm and mesoderm.

Muhipotency (multi-Many) refers
to the stem cells that can differentiate into
various lypes of cells that aw related For
example blood stem cells can differentiate

fhmﬂmrﬁmrﬂs.mﬁ

Oligopotency (Oligo-Few) refers to
stem cells that can differentiate imto few cell
stem cells can differentiate into B and T cefls
but not RBC.

Unipotency ( Uni- Single) refers to the
ability of the stem cells to ditferentiate into
only one cell type.

Fig. 10.4 Embryonic stem cells

Stem Cell Banks

Stem cell banking is the extraction,
processing and storage of stem cells, so that
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they may be used for treatment in the future,
when required. Amniotic cell bank is a facility
that stores stem cells derived from amniotic
fluid for future use. Stem cells are stored in
banks specifically for use by the individual
from whom sach cells have been collected
and the banking costs are paid. Cord Blood
Banking is the extraction of stem cells from
the umbilical cord during childbirth. While
the umbilical cord and cord blood are the most
popular sources of stem cells, the placenta,
amniotic sac and amniotic fluid are also rich
sources in terms of both quantity and quality.

10.4 Molecular Diagnostics

Early diagnosis of infectious discases
or inherenl genetic defects is essential for
appropriate treatment. Early detection of the
disease is not possible nsing comventional
diagnostic = methods like microscopic
cxaminations, serum analysis and wrine
analysis. These laboratory techmiques are
indirect and not always specific. Scientists
are continmously searching for specific,
sensitive and simple diagnostic techniques
for diagnosis of discases. Recombinant DNA
technology, Polymerase Chain Reactions
(PCR) and Enzyme Linked Immunosorbent
Assay (ELISA) are some of the technigues
that are reliable and help in carly diagnosis.
Presence of pathogens like virus, bacteria,
etc., is detected only when the pathogen
produces symptoms in the patient By the
lime the symploms appear concentration
of pathogen becomes very high in the body.
However very low concentration of a bacteria
or a virus, even when the symptoms of the
disease does notl appear, can be detected by
amplification of their nucleic acid.
ELISA (Enzyme Linked Immunosorbent Assay)

ELISA is a biochemical procedure
discovered by FEva Engvall and Peter
Perimann (1971) to detect the presence of
specific antibodics or anligens in a sample
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of serum, urine, etc., It is a very important
diagnostic ol w determine il a person is
HIV positive or negative. ELISA is a tool for
determining serum antibody concentrations
{such as the antibodies produced in a person
infected by pathogens such as HIV) and also
for detecting the presence of specific antigens

and hormones such as human chorionic

gonadotropins.
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Fig. 10.5 Linked Immuno
g m Assay

During diagnosis the sample suspected
lo contain the antigen is immobilized on the
surface of an ELISA plate (Fig. 10.5). The
antibody specific to this antigen is added
and allowed to react with the immobilized
antigen. The anti-antibody is linked to an
approprigle  enzyme like peroxidase. The
unreacted anti-antibody iz washed away
and the substrate of the enzyme (hydrogen
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peroxide) is added with certsin reagents
such as 4-chloronaphthol. The activity of the
enzyme yields a coloured product indicating
the presence of the antigen. The intensity
of the colour is directly proportional to
the amount of the antigen. ELISA is highly
sensitive and can detect antigens in the range

of a nanogram.

There are four kinds of ELISA namely,
Direct  ELISA, Indirect ELISA, sandwich
ELISA and compelitive ELISA. It is a
highly sensitive and specific method uwsed
for diagnosis. ELISA possesses the added
advantages of not requiring radioisotopes or a
radiation counting apparatus.

PCR (Polymerase Chain Reaction)
The polymerase chain reaction (PCR)

is an invitre amplification technigue
used for synthesising multiple identical
copies (bilions) of DNA of interest The
techmique was developed by Kary Mullis
(Mobel laurcate, 1993) in the year 1983

Denaturation, renaturation or primer
annealing and synthesis or primer extension,
are the three steps involved in PCR (Fig. 10.6).
The double stranded DNA of interest is
denatured to separate into two individual
strands by high temperatore . This is called
denaturation. Each strand iz allowed to
hybridize with a primer (renaturation or
primer annealing). The primer template is
nsed to synthesize DNA by using Tag — DNA
polymerase {isolated from the bacterium
Thermus agualicus).

During denaturation the reaction
mixture is heated to 957 C for a short time to
denature the target DNA into single strands
that will act as a template for DNA synthesis.
Annealing is done by rapid cooling of the
mixture, allowing the primers to bind to the
sequences on cach of the two strands flanking
the target DNA. During primer extension or
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synthesis the temperature of the mixture is
increased o 75°C for a sufficient period of
time o allow Tag DNA polymerase to extend
cach primer by copying the single stranded
template. At the end of incubation both single
template strands will be made partially double
stranded. The new strand of each double
stranded DNA extends to a variable distance
downstream. These steps are repeated again
and again to generate multiple forms of the
desired DNA. This process is also called DNA

amplification.

The PCR technique can also be uwsed
for amplifications of RMA in which case
it is referred 1o as reverse lramscription
PCR (RT-PCR). In this process the RNA
molecules (mMRNA) must be converted to
complementary DMNA by the enzyme reverse
transcriptase. The cDMNA then serves as the
template for PCR.

PCR In Clinical Diagnosis

& The specificity and sensitivity of PCR is
useful for the diagnosis of inherited disorders
{genetic diseases), viral diseases, bacterial
diseases, etc., The diagnosis and treatment of
a particular disrase often requires identifying
a particular pathogen. Traditional methods
of identification involve colturing these
organisms from clinical specimens and

performing metabolic and other tests to

& = [ T | |_

identify them. The concept behind PCR based
diagnosis of infectious diseases is simple - if
the pathogen is present in a clinical specimen
its DNA will be present. Its DNA has unique
sequences that can be detected by PCR, often
using the clinical specimen (for example,
blood, stool, spinal fluid, or sputum) in the
PCR mixture. PCR is also employed in the
prenatal diagnosis of inherited diseases by
using chorionic villi samples or cells from
amniocentesis.  Discases like sickle cell
anemia, f-lhalassemia and phenylketonuria
can bedetected by PCRin these samples. cIDNA
from PCR is a valuable ool for diagnosis and
monitoring retroviral infections e.g., Corona
Virus (SARS - CoV-2).

Several virally indoced cancers, like
cervical cancer caused by Papilloma virus
can be detected by PCR. Sex of human beings
and live stocks, embryos fertilized invifro can
be determined by PCR by using primers and
DMA probes specific for sex chromosomes. &
PCR techmigue is also used to detect sex-
linked disorders in fertilized embryos.

Applications of PCR

The differences in the genmomes of
two differcnt organisms can be studied by
PCR. PCR is very important in the stndy of
evolutions, more specifically phylogenetics.
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Fig. 10.6 Steps involved in PCR
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As a techmique which can amplify even
minuie quantities of DNA from any source,
like hair, mummified tissues, bones or any
fossilized materials.

PCR technique can also be wsed in the
field of forensic medicine . A single molecule
of DMNA from blood stains, hair, semen of
an individual is adequate for amplification
by PCR. The amplified DNA is wsed to
develop DMA fingerprint which is used as an
important tool in forensic science. Thus, PCR
is very useful for identification of criminals.
PCR is also used in amplification of specific
[INA segment 1o be used in gene therapy.

10.5 Transgenic Animals

In early days selective breeding
methods were carried out to improve the
genetic characteristics of live stock and
other domestic animals. With the advent of
muodern biotechnology it is possible to carry
out manipulations at the genetic level to get
the desired trails in animals. Transpenesis
is the process of introduction of extra
(forcign/exogenous) DNA into the genome
of the animals to create and maintain stable
heritable characters. The flomeign DNA
that is introdoced is called the transgene
and the animals that are produced by DNA
manipulations are called transgenic animals
ar the genetically engineered or genetically
maodified organisms.

The warious steps involved in the
production of transgenic organisms are

» [dentification and separation of desired

FEME.
« Selection of a vector (generally a virus) or
direct transmission.

« Combining the desired gene with the veclor
« Introdouction of transferred vector

into cells, lissues, embryo or mature
individual.
« Demonsiration of integration and
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expression of foreign gene in transgenic
tissue or animals. Transgenic animals
such as mice, rat, rabhit, pig. cow,
goat, sheep and fish have been produced
(Fig. 10.7).
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Uses Of Transgenesis

* Transgenesis is a powerlul tool to study
gene  cxpression  and  developmental
processes in higher organisms.

* Transgenesis helps in the improvement of
genetic characters in animals. Transgenic
animals serve a5 good models for
understanding human diseases which
help in the investigation of new treatments
for diseases. Transgenic models exist for
many human diseases swch as cancer,
Alzheimer’s, cystic fibrosis, rheamatoid
arthritis and sickle cell anemia.
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* Transgenic animals are used to produoce
proteins which are important for medical
and pharmacentical applications.

* Transgenic mice are used for testing the

safety of vaccines.

* Transgenic animals are wsed for testing
towicity in animals that carry genes which
make them sensitive to toxic substances
than non-transgenic animals exposed
o toxic suobslances and their effects are
studied.

* Transgenesis is important for improving
the guality and quantity of milk, meat,
eggs and wool production in addition to
testing drug resistance.

10.6 Biological products and their
uses

A biological product is a substance
derived from a living organism and uwsed for
the prevention or treatment of disease. These
products  include antitoxins, bacterial and
viral vaccines, blood products and hormone
extracts. These products may be produced
through biotechnology in a living system, such
as @ microorganism, plant cell or animal cell,
and are often more dificult to characterize than
small molecule drugs. Through recombinant
[DNA technology it is possible to produce these
biological products on demand. There are
many types of biological products approved
for wse -they are, therapeotic proteins,
monodonal antibodies and vaccines. Health
care and pharmaceutical industries have been
revolutionised by biotechnological proteins.
commercially, primarily for the medical
industry. Recombinant hormones like Insulin,
Human growth hormone, Recombinant
vaccines and recombinant proteins like human
alpha lactalbumin are available today.

Animals are wsed as biorcactors to
produce desirable proteins. Antibodies are
snbstances that react against the disease
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causing antigens and these can be produced
nsing transgenic animals as bioreactors.
Monoclonal antibodies, which are used two
treat cancer, heart disease and transplant
rejection are produced by this technology.
WNatural protein adhesives are non towxic,
biodegradable and rarely trigger an immune
response, hence could be wsed to reattach
tendons and tissues, fill cavities in teeth, and
repair broken bones.

10.7 Animal Cloning

Cloning is the process of producing
penetically identical individuals of an organism
cither naturally or artificially. In nature many
organisms produce clones throogh asexual
reproduction.

Cloning in biotechnology refers to the
process of crealing copies of organisms or copies
of cells or DINA fragments (molecular doning).

Dolly was the first mammal (Sheep)
clone developed by Ian Wilmut and Camphbell
in 1997. Dolly, the transgenic clone was
developed by the nuclear transfer technique
and the phenomenon of totipotency.
Totipotency refers to the potential of a cell
to develop different cells, tissues, organs and

finally an organism.

The mammary gland uodder cells
(somatic cells) from a donor sheep (ewe) were
isolated and subjected to starvation for 5 days.
The udder cells could not undergo normal
growth cyce, entered a dormant stage and
became totipotent. An ovum (egg cell) was
taken from another sheep (ewe} and its nucleus
was removed to form an enucleated ovum. The
dormant mammary gland cellfudder cell and
the enucleated ovum were fused. The outer
membrane of the mammary cell was ruptored
illowing the ovum to envelope the nudens.
The fosed cell was implanted into another
ewe which served as a surrogate mother. Five
months later dolly was born. Dolly was the
first animal to be cloned from a differentiated
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somatic cell takem from an adolt animal

without the process of fertilization (Fig. 10.8).
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Fig. 10. 8 Cloning of dolly

Advantages

& Dfers benehis for dinical trials and medical
research. It can help in the production of
proteins and dregs in the fickd of medicine.

& Aids stemn cell research.

* Animal cloning could help to save endangered
species.

Disadvantages

» Animal and human activists see it as a threat
to bindiversity saying that this alters evolution
which will have an impact on populations and
the eoosystem.

* The process is ledious and very expensive.
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# [t can cause animals to suffer

® Reports show that animal surrogates were
manifesting adverse outcomes and doned
animals were alfected with discase and have
high mortality rate.

* |t might compromise human health through
consumption of cloned animal meat.

* Cloned animals age faster than normal
animals and are less healthy than the parent
organism as discovered in Dolly:

* Cloning can lead to oocurrence of genetic
disorders in animals.

* More than 90% of doning attempts fail to
produce a viable otfspring.

lan Wilmut and Camphell
removed 277 cells from
the odder of an adult
sheep and fused those
i cells with 277 unfenilised
- egg cells from which the nuclear material
- was removed. Affer culturing the resulting
embryos for 6 days, they implanted 29
embryos into the surrogate mother's womb
and only one Dolly was produced.

A pgene “knock oul’ is o genetically
more genes in its chromosomes that have
been made inoperative.

10.8 Ethical Issues
Bitechnology hasgiven to the society cheap
drugs, better friuts and vegetables, pest resistant
crops, indigenious cure to diseases and Iot of
controversy. This is mainly because the major
part of the modern biotechnology deals with
genetic manipulations. People fear that these
penctic manipulations may lead to unknown
consequences.  The major  apprehension
of recombinant DNA  technology is tha
unigue microorganisms either inadvertently
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or deliberately for the purposc of war may
be developed that could canse epidemics or

environmental catastrophies. Although many
are concerned about the possible risk of genetic
engincering, the risks are in fact slight and the
potential benchits are subsiantial

10.9 Regulations in Biotechnology

Regulations apply to the production, sale
and wse of biotech products and genetically
modified organisms. GMOs are carefully
tested and documented before the products
are available. GMOs should be labelled
and wsed according to instructions. These
regulations are designed to protect the people,
living organisms and the environment. The
Biotechnology Regulatory Authority of India
{BRAT] i a proposed regulatory body in India
for uses of biotechnology products including
GMOs. The Genetic Engineering Approval
Committee (GEAC), a body under the
Minisiry of Environment, forests and climate
change (India) is responsible for approval of
genetically engineered products in India. If
the bill is passed the responsibility will be
taken over by the Environmental Appraisal
Panel, a subdivision of the BRAL The hill
also proposes setling up an inter ministerial
governing body to oversee the performance
of BRAI and a WNational Biotechnology
Advisory Council of stakeholders to
provide feedback on the use of, import and
manufacture of biotechnology products and
organisms in the society. The regulatory
body is an autonomous and statutory agency
to regulate the research, transport, import
and manufacture of biotechnology products
and organisms.

GEAC is assisted by the State
Biotechnology Co-ordination Commitlee
(SBCC) and District Level committee { DLC).
The most important committees are The
Institutional Biosafety Committee (IBSC),

| | Wi e Topkegy Trmestes 15 EhilingE TES

responsible for the local implementation of
puidelines; Review Committee on Genetic
Manipulation (RCGM) is responsible
for issuing permits and the GEAC is
responsible for monitoring the large scale
ind commercial use of transgenic materials.

The biotechnology industry is governed
by different enactments depending on their
relevance | applicability on a case to case
basis. “Recombinant DMA safety guidelines,
19907 were released by the Department of
Biotechnology (DBT) which cover areas of
research involving genetically engineered
organisms and these guidelines —were
[urther revised in 1994

RCGM under the DBT comprises
representatives of DBT, Indian Council
for Medical Resecarch, Indian Council for
Agriculiural research and Council for Scientific
and Industrial Research.

Industrial licensing under the Industrial
(Development and Regulation) Act, 1951 is
compulsory for bulk drugs produced by the
use of recombinant DMNA technology.

Being a signatory to the Trade Related
Intellectual ~ Property  Rights  (TRIPS)
Agreement of WTO, India has amended its
legislations pertaining to intellectnal property
throngh various legislations incleding Patents
(Amendment) Act, 1999,

1. The Recomzinant DNAAGVISOT —— Aavisary
Commites (ROAC)

2. instiutianal Blosalety Commitze |
(I55C)

3. Feview Commiti=e on Genslic
Maniguistian [RCGM)

4. Ganstic Enginsaring Approval
Commities {GEAT)

Approval

5. Stata Biolachnology Coordination |

Commities (SBCCH Manlboring

6. District Level Commmee (DLC)
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Biopiracy can be defined as “the
countries and the people concerned
without compensatory payment”

Bioethics is the study of the ethical
issues emerging from the advances in
Biology and medicine. It is also a moral
discernment as it relates to the medical

10.10 Possible threats of Genetically
Modified Organisms

Genetically Modified Organisms (GMOs)
also called Genetically Engineered organisms
{GEDs) are created to play a role in agriculture,
forestry, aquacultore, bioremediation and
environmental management in developed and
developing countries. However, deliberate
or inadvertent release of GMOs into the
environment could have negative ecological
cifects under cerlain circumstances.

Table 10.2. Risks of GMOs

= B ||__

Thepﬂssihle risks of GMOs

Creating new or more vigorous pests and
pathogens. Worsening the effects of cxisting
pests  through hybridization with related
transgenic organisms (Table 10.2).

* Harming non-target species such as soil
organisms, non-pest insecls, birds and
other animals.

» Disrupting biotic communities including
AETO ECOSYSIEMS.

® frreparable loss or changes in species
diversity or genetic diversity within species.

* Creating risks for homan health.

The release of GMOs into the environment
could also have far reaching consequences. This
is becanse the living GMOs proliferate, persist,
disperse and sometimes may transfer their DNA
into other organisms. GEOs could also displace
the existing organism and creale new species
which may canse severe environmental damage.
Due to these risks the regulatory authorities
are very careful in permitting the ficld trials of
GMOs into the environment

Environmental Health Agricaliural

Proieins transcribed and
Toxins in pest-resistant | translated from transferred
GMOs could negatively | genes could canse allergic GMOs with pest toxins could increase
impact non-target reactions in humans or evolution of resistance in certain pest
LCOEYEICMmS. GiM foods are nol properly

labelied
Cross-species pollination | Antibiotic resistance genes
could spread herbicide used as markers during Big hiotech companies hold monopolistic
resistance genes and gene transfer could spread | kegal rights (patents) over GM seeds.
create 'super-weeds'. to pathogenic bacteria.
Biodiversity could be
negatively affected by Transferred genes GMOs do present two major
destruction of pests, could motate and cause agricultural problems in the forms of
weeds, and even unexpected risks. pesticide- and herbicide-resistance.
competing plants.
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10.11 Biosafety Guidelines

Due to the growing concerns arising from
Genetically Modified Organisms (GMOs)
throughout the globe the WHO has built an
informal working group on biosafety in 1991.
This group prepared the “voluntary code for
the release of organisms into the environment?
ICGER (Internztional Centre for Genelic
Engineering and Biotechnology) has played a
significant role in issues related o biosafety
and the environmentally sustainable vse of
biotechnology. The main ‘topic of concern’
related to the release of GMOs are risks for
human health, environment, and agriculture
which is found on the website of LOGEB.

In India, DBET has evolved rTDMNA ﬂ[&:‘l‘?
guidelines’ o exercise powers conferred
through the Environmental Protection Act
1986 for the manufacture, use, import, export
and storage of harardous micro organisms
and pgenectically engineered organisms, cells
cic., These guidelines are implemented and
monitored by the Institutional Biosafcty
Committees (IBSCs), the Review Committes on
Genetic Manipulation (RCGM) and the Genetic
Engincering Approval Committee (GEAC) of
the Ministry of Environment and Forest.

Intellectnal Property Rights (IPR) and
Protection (IPP)

The physical objects like houschold
goods or land or properties of a person and
the ownership and rights on these properties
is protected by certain laws operating in the
country. This type of physical property is
tangible; but the transformed microorganisms,
plants, animals and technologies for the
production of commercial products are
exclusively the property of the intellectuals. The
discowverer or inventor has complete rights on his
property or invention. The rights of intellectuals
are protected by laws framed by a country. The
intellectual property is an intangible asset. Legal
rights or patenis provide an inventor only a
lemporary monopoly on the use of an invention,
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in return for disclosing the knowledge to the
others who may use the knowledge 1o develop
further imventions and innovations.

The laws are formulated from time to
time al national and international levels.
Development of new crop varicties is also an
intellectnal property right. It is protected by
‘plant breeders rights’ (PERs). PBRs recognize
the fact that farmers and rural communities
have contributed to the creation, conservation,
exchange and knowledge of genctic and
species utilization of genetic diversity. IPR
and IPP are granted by the Government to
plant breeders for producing a specific plant
variety that is new and never existed before.

IPR is protected by different ways like
patents, copyrights and trade marks.

Patents

The science of biotechnology involves
the production of enormous number of
commercial products of cconomicimportance.
The inventions inclode  biotechnology
products and processes. The products include
living entities like micro organisms, animals,
plants, cell lines. cell organelles, plasmids and
genes and naturally occurring products like
primary and secondary metabolites prodoced
by living systems e.g. alcohol, antibiotics.

Thmuhhlﬂtﬁﬂnnmﬂﬁdriﬁﬂﬂin
the world with more than 1000 patents to his
credit.

The biotechnological Processes
involve isolation, purification, cultivation,
bioconversion of nowvel, innovative, simple
and cost effective processes, and creation of
biotechnological products.

A patent is a Government issued document
that allows the person for an exclusive right

o manufacture, use or sell an invention for a

defined period (usually 20 years). It is a legal

document safeguarding the rights and privileges
of an inventor / invention. The purpose of

11 Applications of Bsolechnology
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patenting in biotechnology ensures fair financial
returns for those who have invested finances,
ideas, lime and hard work for an invention.

The following critcria must be satished for
patenting :
* The invention must be novel and useful:
* The product muost be inventive and
reproducible;
* The patent application should provide the
full description of the invention and the
invention must be patentable.

The first living organism

" that was patented was a
- genetically enginecred
* AN specics  of  bacteria -

Pseudomonas  putida  in

1980 which was genetically engincered by
Ananda Mohan Chakrabarty in 1971.

General Agreement of Tariffs and
Trade (GATT) and trade related IPRs
(TRIPs)

GATT was framed in 1948 by developed
countries to settle dispute, among the countries
regarding share of world trade. The benefits of
GATT wasenjoyed only by developed countries.
In 1988 US congress enacted a law ‘the omnibus
trade and competitiveness act’ (OTCA) which
gave powers o US to investigate the laws related
Lo trade.

Geographical indication (GI)

A geographical indication is a name or
sign used on products which correspond to
a specific geographical origin and possess
qualitics or a reputation that are due to that
origin. Geographical indications are typically
used for agricultural products, food produocts,
handicrafis and industrial products. Darjeeling
tea was the first GI tapped produoct in India in
2004-05. In Tamilnadu, Kancheepuram silk,
Coimbatore wetgrinder, Thanjavur paintings.
Madurai Malli and Temple Jewellery of
Magercoil are GI tagped.
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Copyright

The protection of awthorships of
published work comes under copyrights
of IPRs. Copyright protection is given for
form of expressions of ideas. For example
the authors, editors, publishers or both the
publisher/ editor of a book have copyrights.
The content of the book cannot be reproduced
or reprinted without written permission from
copyright holders. Patents and trade secrets
provide protection for the basic knowhow but
copyright protects the expressed materials
in printed, video recorded or taped forms.
In the field of biotechnology the data base
of DNA sequences or any published forms,
photomicrographs, etc., are subject 1o

copyrightL
Trade marks

Any specific symbol or words to identify
a particular product or process of a company
constitute trademark. This enables the public
to distingnish between a trader’s goods from
similar goods of other traders

Biolechnology as an  independent
discipline has drawn world wide attention
from the Governments and the corporate
world becanse of its limitless applications.
It is looked upon as a panacea for treating
diseases and genetic disorders. The global
demand of the biotechnological prodocts
is on the increase. It is the science for the
[uture with solutions to many of the problems
related to health, agriculiure, environment
and industries.

Summary

Biotechnology is defined as “any
technological application that uses biological
systems, living organisms or derivatives
thereof, to make or modify products or
processes for specific use”. In 1919, Hungarian
agricultural engineer Karl Ercky coined the
term Biotechnology. Biotechnology includes
two major technologies, Genetic engincering
and Chemical engineering.
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Biotechnology has application in four
major indostrial areas, including health
care (medical) agriculture, industrial and
environment. Biotechnology techniques are
used in the field of medicine for diagnosis,
prevention and treatment of  different
diseases. Production of recombinant
hormones, recombinant clotting factor V1II
and recombinant interferons have helped
in the treatment of diseases. Recombinant
vaccines have been wsed to prevent various
diseases. The recombinant vaccines are of
three types- subunit recombinant vaccines,
attenuated recombinant vaccines and gene
recombinant vaccines. Genetic defects could
be corrected by a process called Gene therapy:
It is of two types somatic cell gene therapy
and germline gene therapy. Stem cells are
undifferentiated cells found in multicellular
organisms. These cells are of two types
-Embryonic stem cells and adult stem cells.
Stem cells have the ability to regenerate
damaged and discased organs. Recombinant
DNA technology, Polymerase chain reaction
and Enzyme Linked Immunosorbent Assay
are techniques that are reliable and help in
carly diagnosis.

Transgenesis is  the process of
introdoction of a foreign gene into the

nome of animals to create and maintain
stable heritable characters. A biological
product is a substance derived from a living
organism and used for the prevention or
treatment of discases. Cloning is the process
of producing genetically identical individuals
of an organism cither naturally or artificially.
Advances in  Biotechnology and their
applications are most frequently associated
with controversies, ecthical issmes and
concerns. Statutory bodies are constituted
to monitor and approve the bintechnological
processes and products.

Genetically modified organisms can play
a positive role in sustainable agriculture,
forestry, aguaculture, bioremediation and
environmental management in developed and
developing countries. Biosafety guidelines
have been lormulated by many countries for
DMA recombinant manipulations.
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Evaluation
1. The first clinical gene therapy was done for
the trestment of i
a) AIDS
b} Cancer
c) Cyshe fibross
d) SCID
2. Dolly the sheep was
obtained by a technigue known as
a) Clonmg by sene transfar
b) Cloming wathout the help of zametes
) Cloning by tissue culture of somatic calls
d} Cloning by nuclear tranzfer
3. The genetic defect adenosine deaminase
deficiency may be cured permanently by
a) Enzyme replacement therapy
b} Periodic infusion of genetically engineered
Iymphocytes having ADA cDNA
c) Administering adenosine  deaminase
activators
d) Introducing bone marrow cells
prodocing ADA into embryo at an
carly stage of development

4. How many amino acids are arranged in the

two chains of Insulin?

&) Cham A haz 12 and Chain B has 15 amino
acids

b Chain A has 71 and Chain B has 3 amino
acids

¢} Chain A has 20 and chain B has 30 amino
acids

d) Chain A has 12 and chain B has 20 amino
acids.

5. PCR proceeds in three distinct steps governed

by temperature, they are in order of

a) Denaturation, Anncaling, Synthesis

b} Synthesis, Annealing, Denaturation

c) Annealing, Synthesis, Denaturation

d} Denaturation, Synthesis, Annealing

6. 'Which onc of the following statements is true

regarding DNA pofymerase used in PCR?

a) It is used o higate introduced DINA in
recipient cells

b} It serves as a selectable marker

c)} It is isolated from a Virus

d) It remains active al a high temperatore
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7. ELISA is mainly used for

a) Detection of mutations

b) Detection of pathogens

c) Selecting animals having desired traits
d} Selecting plants having desired traits

8. Transgenic animals are those which have

10.

11.

16

17.

a) Foreign DNA in some of their cells
b} Foreign DINA in all their cells

c) Foreign RNA in some of their cells
d} Foreign RNA in all their cells

Vaccines that ase components of a
pathogenic organism rather than the whole
organism are called

a) Suobumnit recombinant vaccines
b} attenuated recombinant vaccines
c} DMNA vaccines

d} conventional vaccines

GEAC stands for

a) Genome Engineering Action Committee
b) Ground Environment Action Commitlee
¢) Genetic Engineering Approval Commitiee
d) Genetic and Environment Approval

Commiltee

Mention the number of primers required in
each cyde of PCR. Wrile the role of primers
and DMNA polymerase in PCR. Name the

spurce organism of the DNA polymerase
used in PCR

. How is the amplification of a gene sample of

interest carried out using PCR?

. 'What is genetically engineered Insulin?
. Explain how “Rosic” is different from a

normal comwr

. How was Insulin oblained before the

advent of rIMNA technology? What were the
problems encountered?

ELISA is a technique based on the
principles of antigen-antibody reactions.
Can this technigue be used in the molecular
diagnosis of a genectic disorder such as
Phenylketonuria?

Gene therapy is an altempt to correct a
Genetic defect by providing a normal gene
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15.
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into the individoal. By this the function
can be restored. An alternate method
would be to provide gene produoct known
as enzyme replacement therapy, which
would also restore the function. Which
in your opinion is a better option? Give
reasons for your answer.

What am trensgenic animals?  Give
examples.

If a person thinks he is infected
with HIV, due lo unprotected sex, and
goes for a blood test. Do you think a
test such as ELISA will help? If so why?
If not, why?

. Explain how ADA deficiency cam be

correcied?

. What are DM A vaccines?
. Differentiate between Somatic cell gene

therapy and germline gene therapy

What are stem cells? Explain its role in the
field of medicine.

Ume of the applications of biotechnology is

‘gene therapy” to treat 2 person born with a

hereditary discase.

i) What does “gene therapy™ mean?

ii) Name the heredilary discase for which
the first clinical gene therapy was used.

iii) Mention the steps involved in gene
therapy to treat this disease.

. PCR isa uscful tool for carly diagnosis of an

Infectious disease. Elaborate.

. What are recombinant vaccines?. Explain

the types.

. Explain why cloning of Dolly, the sheep

was such a major scientific breakthrough?

. Mention the advantages and disadvantages

of cloning.

. Explain how recombinant Insulin can be

produced.

30. What are the possible risks of GMOs?
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o) ICT CORNER

APPLICATIONS OF BIOTECHNOLOGY

- A Transgenic fly. Come let us create
and use

e

Procedore :

Step -1: Type the URL or scan the QR code to open the activity page and click "Click to enter
the lab”™ to begin.

Step -2: Click wherever the cursor symbol becomes as “Hand”™ symbaol as that would lead for
the next step.

Step -3 Follow the instructions for all the six steps “Prepare DNA (0 Examine Light Output™

Step — 4 : Explore the “Use Transgenic flies” a dialog box option found below the lab area to
B know uses. &

Applications of Biotechnology UR

http-//media_ hhmiorg/bicinteractivefvlabs/transgenic_flyfindex himi?_ E : E
ga=2 213489054 1812412407 1 54685 1057-264 360672 1545 1 4 3882 -t
OCGNO

e —— Fea
* Allow Nash player E_
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UNIT -V

Organisms and
Populations

1 L. Organism and its Environment
11.2. Habitat
11.3. Major Abiotic Components or Factars he word ‘ecology’ is derived from the
11.4. Concept of Biome and their Greek term ‘oikos, meaning ‘hous¢’ and
2o logos, meaning ‘study. Thus, the study of the
:;:wm St X g vy environmental howse’ includesall the organisms
”'?mm in it and all the functional processes that make
1 1.8. Population attributes e
11.9. Population age distribution The study of ecology encompasses
& 11.10. Growth models / Curves different  levels-organism,  population, @

11.11. Population regulation

e e T community, ecosystem, elc., In ecology the

term population, originally coined to denote

@Iﬁmmgﬂh}ecthﬂ a group of people is broadened to include

groups of individuals of any one kind of
Th;ﬂnlmkdg:fhd;hl#d:_ organism. Community in the ecological sensc
S ‘"‘;‘ﬁﬁwﬁ‘ﬂdm (designated as “biotic community’) inchudes
¥ Temporal changes in the occurrence, =Py FYRE 2 § e

The community (Biotic) and the non-living
environment {Abiotic) function together as
an ccodogical system (or) ecosystem. Biome
is a term in wide use for a large regional or
sub continental system characterized by a
major vegetation type. The largest and most
nearly self-suthcient biological system is often
designated as the Ecosphere, which includes all
the living organisms of the Earth, interacting
with the physical environment to regulate
their distribution, abundance, production and
evolution.

 — —
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1.1 Organism and its
environment

Every living organism has its own
specific surrounding, medium or environment
with which it continuously interacts and
develops  suitsble adaptations for survival
there. Environment is a collective term which
indudes the different conditions in which an
organism lives or is present The common and
influencing factors in any environment are light,
temperature, pressure, water, salinity. These are
collectively referred (o as abiotic components.

Environments are variable and dynamic, in
which temperature changes and light changes
are diurnal and seasonal These influence the
organisms inhabiting them. An omganisms
growth, distribution. number, behavior and
reproduction is determined by the different

factors present in the environment.

11.2 Habitat

Habitat refers to the place where an
organism or a community of organisms live,
including all biotic and abiotic factors or
conditions of the surrounding environment.
The collection of all the habitat areas of a species
constilutes ils geographical range. Organisms
in a habitat interact with each other and can be
part of trophic levels to form food chains and
food wehs.

Examples: In a xerophytic habitat, the
camel is able W wse water efficiently and
effectively for evaporative cooling through their
skin and respiratory system. They excrete highly
concentrated urine and can also withstand
dehydration uplo 25% of the body weight. The
hoofs and hump are also suitable adaplations
for survival in this dry sandy environment.

In an aguatic media, maintaining
homeostasis and osmotic balance is a
challenge. 50, marine animals have appropriate
adaptations to prevent cell shrinkage. While
freshwater organisms have snitable adaptations
to withstand borsting of their cells. Apant
from this, organisms such as fish have a wide
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range of mdaptations like fins (locomotion),
sireamlined body (serodynamic), lateral line
system (sensory), gills (respiration). air sacs
(floatation) and kidneys (excretion).
Niche {or) Ecological Niche

As every organism has its unigue habitat,
s0 also il has an ecological niche which includes
the physical space occupied by an organism
and its functional role in the community.
The ecological miche of an organism not only
depends on where it lives but also inclodes the
sum botal of its environmental requirements.

Charles Elton (1927) was the first to use
the term “piche’ as the functional status of an
organism in its community. Groups of species
with comparable role and niche dimensions
within a community are termed ‘guilds
Specics that occopy the same niche in different
geographical regions, are termed ‘ecological
equivalents

Many animals share the same general
habitat. But their niches are well defined. The life
style of an individual population in the habitat
is known as its niche. For example, crickets
and grasshoppers are dosely related insects
that live in the same habitat, yet they ocoupy
different coological niches. The grasshopper is
very active during daylight. It can usually be
found on a plant, feeding on the plant parts.
Although the cricket lives in the same field, it
is quite different. During the day, the cricket
hides under leaves or plant debris and is usaally
inactive. It is active at night time (nocturnal).
The cricket and the grasshopper do not interfere
with each other'’s activities in the same habitat.
Thus, niche of an organism can be defined as
the total position and function of an individoal
in its environmenl.

In a pond ecosystem. where Catla, Rohn
and Mrigal are present, the ecological niche of
the Catla is a surface feeder, Rohu is a colommn
feeder and Mrigal is a bottom feeder Their
mouths are designed to suit their niche and
hence have ditferent positions and functions in
their habitat. {}_I.E.l].l:l
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Fig.11.1 Typesoffecders{niche) in pond ecosystem

i1.3 Major Abiotic Components
or Factors

The abiotic factors include the chemical
and physical factors which influence or affect
organisms and their fonctioning in their
environment. The commaon abiotic factors are:
Temperature

Temperature or degree of holness and
coldness is an essential and variable factor in
any environment. It influences all forms of life
by affecting many vital activities of organisms
like metabolism, behaviour, reproduction,
development and even death in the Biosphere.

The minimum and maximem temperature of an

environment regutates the survival of a cell.

Van't Hofl's rule

Van'l Hoil proposed that, with the
increase of every 10°C, the rate of metabolic
mﬁhﬂhwﬂ!mm:w
with the decrease of 10°C. This rule is
referred as the Van't Holf's rule. The effect
of temperature on the rate of reaction is
expressed in terms of temperature cocfficient
or (}y value. The Q,, values are estimated
taking the ratio between the rate of reaction
at X*C and rate of reaction al (X-10°C). In
the living system the Q,, value is about 2.0.
1f the €}, value is 2.0, it means 10°C increase
and the rate of metabolism doubles.

Organisms and Popuistions 178

| ] Dl Tedlepy Chasier T8 EllSsdd 172

The metahaolism of organisms is regulated
by enzymes which are temperature sensitive. In
many organisms, determination of sex and sex
ratio, maturation of gonads, gametogenesis and
reproduction i5 influenced by temperature. In
certain environments, the size and colouration
of animals are influenced by temperature. Birds
and mammals attain greater body size in colder
regions than warmer regions (Bergmann's
rule). Warm blooded animals, living in colder
climates, tend o have shorter limbs, ears and
other appendages when compared to the
members of the same species in warmer dimates
(Allen’s rule}. In some aguatic environments, an
inverse relationship between water temperature
and fish meristic characters is observed -
lower the temperature, more the vertebrae

(Jordon's rule).
L
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Temperature influences the distribution
of organisms. The tropics have higher diversity
and density of populations, when compared to
temperate and polar regions.

Adapiations to temperature

Adaptation to tcmperature is essential
for the survival of the speciesforganisms.
Organisms which can survive a wide range of
temperature are referred to as Eurytherms
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{cat, dog, tiger, human). Eurythermy can be
an evolutionary advantage: adaptations to cold
temperatures (cold-enrythemy) am seen as
essential for the survival of species during ice
ages. In addition, the ability to survive in a
wide range of temperatures increases a specics’
ability to inhabit other ameas, an advantage
for natural selection. Eurythermy is an aspect of
thermoregulation in organisms.

Those organisms which can tolerate only a
narrow range of temperature are Stenotherms
(Fish, Frogs, Lizards and Snakes).

Over the course of time, by evolution,
animals of different ccological habitats have
developed different variations and adaptations
o temperature changes. It enabled them o
survive in different habitats and develop niches.
In case of extreme temperatures, organisms have
adapted by forming heat resistant spores, cysts
{ Entamroeba), antifreere proteins (Arctic fishes).
Hibernation (winter slecp) and Aestivation
{(summer sleep) are useful adaptations o
overcome cxtreme winters and summers. In
ceriain conditions, migration is an appropriate
adaplation o overcome extreme lemperatures
and resultant water and food scarcity: (Fig 11.2).

Light
It is an imporiant and cssential abiotic

factor. Ecologically, the quality (wavelength or
colour), the intensity {actual cnergy in gram

Activity —=

|

calories) and duration (length of day) of light
are considered significant for organisms.

Light infleences growth, pigmentation,
migration and reproduction. The
intensity amnd frequency of light influences
metabolic activity, induce gene mutations
(UV, X- rays). Light is essential for vision. This
is proved by the poorly developed or absence
of eyes in cave dwelling organisms. Diapause is
also influenced by light in animals. Gonads of
birds become more active with increasing light
in summer. Light infloences the locomotion
and movement of lower animals.

in response W light, either towards the source
aof light as in Moths (positive pholotaxis) or
{negative phototaxis).
Phototropism: The growth or orientation
of @n organism in response o light, either
owards the source of light (positive
phototropism) as seen in Sunflower, or a way
from light (negative phototropism) as in case
of the root of plants.
Photokinesis: A change in the speed
of lecomotion (or frequency of toming) in
a motile organism or cdl which is made in
response Lo a change in light intensity is called
Photokinesis. 1t involves undirected random

movement in response o light.
51‘_5“":'“"’9"“35 Stencthermal
joligothermal} Eurythermal {polythermal)

Temperature —=

Fig. 11.2 Types of Organisms based on temperature tolerance
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Water
Life on carth began in the seas and water
is essential for the survival of all forms of life.

About three-fourth of the earths surface is

covered with water (hydrosphere). Water is

found in three siates: gaseous, liquid, and solid.
There are two types of water on Earth.

They are the Fresh water {rvers, lakes. ponds)}

and the Salt water (seas and oceans). Based on

the dizsolred =alts, water can be hard water

(zulphates mutrates of CalemomMasnesium)

or soft water If hardness can be removed by

boihnge, 1t 1= temporary hard water, and ifbotlms
does not help, 1t is permanent hard water.

Essential properties of water

* Water is one of the main agents in
Pedogenesis (soil formation).

* [t is the medium for several different
ECOSYStems.

* It is present as moisture in the atmosphere
and the onter layers of the lithosphere and is
uneven in distribution on the carth.

* Water is heavier than air and imparts greater
booyancy to the aquatic medium. This
enables organism to float at variable levels.

* Waler has high heat capacity and latent heat,
due to which it can withhold large amounts
of heat. Thus, oceans and lakes tend to
maintain a relatively constant temperature,
and the biosphere is relatively thermostable.

* Water is physically unique becanse it is less
dense as a solid (ice) than as a liguid.

* When water freezes (0PC), it contracts. The
maximum density of liquid water oocurs at
4*C. Below thal, it expands markedly. This
enables ice to float on the top of water bodies.
Hence, only the surface of water bodies will
freeze, while below the surface, water will be
in liquid form, sustaining life (Fig. 11.3).

» Waler is considered as the Universal solvent
It is the main medium by which chemical
constiluents are transported from abiotic
components o the living components of an
ECOEYSLCem.

Organisms and Popuistions 00
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« Water has high surface tension. This allows
pollen, dust, and even water striders to
remain at the surface of a water body even
though they are denser than the water:
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Fig. 11.3 Thermal zones in cold water bodics

Soil
It is a mixture of organic matter, minerals,

pases, liguids and organisms that together
support life. The soil zome i known as
Pedosphere. Soil is formed from rocks which
are the parent materials of soil, by weathering
and is called embryonic soil (Pedogenesis).
It has four major [unctions-

* medium (or plant growth

* means for water storage and purification

» modifier of earth’s atmosphere

* habitat for many organisms, which in turn

modify the soil

Soil is formed of many horizontal layers called
as Soil Profile.

Properties of Soil

. Textare of soil — The texture of soil is
determined by the size of the soil particles.
The types of soil include sand, silt and clay
on the basis of their size diferences.

2. Porosity — The space present between soil
particles in a given volume of soil are called
pore spaces. The percentage of soil volume
occupied by pore space or by the interstitial
spaces is called porosity of the soil

3. Permeability of soil-The characteristic
of soil that determines the movement of
water through pore spaces is known as soil
permeability. Soil permeability is directly
dependent on the pore size. Water holding
capacity of the soil is inversely dependemnt
on soil porosity:

ERTANEn  1EAn:n | I
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4. Soil Temperatore-Soil gels its heal encrgy
from solar radiation, decomposing organic
maiter, and heat from the interior of carth.
Soil temperature effects the germination
of seeds, growth of mots and biological
activity of soil-inhabiting micro-and macro-
OTEANESMS.

5. Soilwater- Insoil, waterisnotonlyimportamt
as a solvent and transporting agent, but also
maintains soil texture, arrangement and
compactness of soil particles, making soil
habitable for plants and animals.

Wind

Wind is the nalural movement of air of any
velocity from a particular direction.  The two
main canses are differential heating between
the equator and the poles and the rotation
of the planet (Coriolis effect). Wind helps to
transport pollen grains, seeds, and even ilight
of birds. While it is the source of wind energy.
it also causes erosion. Wind speed is measured
with an Anemometer.

Humidity

Moisture in the form of invisible vapor
in the atmosphere is called humidity. which
is generally expressed in terms of absolute
humidity, relative humidity or specific humidity:
Absolute humidity is the total mass of water
vapour present in a given volume or mass of air.
It does not take temperature into consideration.

Relative humidity is the amount of water
vapour present in air and i5 expressed as a
percentage of the amount needed for saturation
gl the same temperature Relative humidity is
expressed as a percentage; a high percentage
means that the air-water mixture is more
humid at a given temperature. Humidity is
measured with a Hygrometer
Altitude

Thisfactor ismainly the elevation orgradiem
and it affects temperature and precipitation in
an ecosystem or biome As altitnde increases,
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temperature and density of oxygen decreases.
Higher altitudes usually receive snow instead of
rain because of low lemperature.

Animals are known 1o modify their
response to environmental changes (stress) in
reasonably short time spans. ‘This is known as
Acclimatization. This is obscrved when people
who have moved from the plains o higher
altitudes show enhanced RBC count within a
few days of settling in their new habitat. This
helps them cope with lower atmospheric oxygen
and higher oxygen demand.

11.4 Concept of biome and their
distribution

Biomes are large regions of carth that
have similar or common vegetation and
climatic conditions. They play a crucial role
in sustaining life on Earth. They are defined
by their soil, climate, flora and fauna. Biomes
have distinct biological communities that
have been formed in response to a shared

physio-chemical climate. Biomes are seen to
even spread across continents. Thus, it can be
ohserved that a biome is a broader term than
habitat. Any biome can comprise a variety of
habitats. Factors such as temperatore, light,
water availability determine what type of
organisms and adaptations are observed in a
biome (Fig. 11.4).
Characters of a Biome

* Location, Geographical position { Latitude,

Longitude)
* Climate and physiochemical environment
* Predominant plant and animal life

* Boundaries between biomes are not always
sharply deflined. Transition or transiemt
zones are seen as in case of grassland and
forest biomes. (Fig. 11.5)

Aquatic Biomes

They occupy about 71% of the biosphere.
The aguatic biome is home to millions of aguatic
organisms like fshes. The climate of coastal
rones are infloenced by aquatic bodies.

18 NS Sl Pt aa0ns
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Fig. 11.5 Biomes can be broadly classified
as Aquatic biomes and Terrestrial biomes

Aqualic biomes of carth
. Freshwater (Lakes, ponds, rivers)
2. Brackish water {Estuaries / Wetlands)

3. Marine (Coral reefs, pelagic rones and
abyssal zomes)

Terrestrial Biomes

These are large communities of plants and
animals that occupy a distinct region. They
indude grassland, tundra, deseri, tropical

Organisms and Popuistions 1|2
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Fig. 11.4 Biomes and their geographical distribution

rainforest, and deciduous and coniferous
forests. Terrestrial biomes are distinguished
primarily by their predominant vegetation,
and are mainly determined by climate, which
in turn, determines the orgenisms inhabiting
them. These include the keystone species and
indicator species which are unique to their
respective biomes. The terrestrial biomes are a
source of food, Oy, and act as CO, sink, apant
from the climate regulatory role.

Major Biomes of the Earth
Tundra biome, Taiga biome, Grassland
biome, Alpine biome, Forest biome and Desert

biome.

Tundra Biome

* This is the almost trecless plain in the
northern parts of Asia. Exrope and North

America.

* Winters are long with little daylight,
Summers are short, with long daylight
hours.

* Precipitation is less than 250 mm per year
It is & zone of permafrost.

snasIn '-!E'l"l I
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* Dwarf willows, birches, mosses, grasses,
sedges are the flora here.

* Reindeer. arctic hare, musk ox, lemmings
are important Tendra herbivores. Some
important carnivores are the arctic fox,
arctic wolf, bobcat and smowy owl Polar
bears live along coastal areas.

* Becapse of the severe winters, many of the
many shore birds and waterfowl soch as
ducks and geese, nest in the Tundra during
the summer and migrate sonth for the winter

Taiga Biome

" 'IhEThiﬂlii 1300- 1450 km wide rone south
of the Tundra.

* 'This arca has long and cold winters.

* Summer lernperatur ranges from 1P C o 21°C

* Precipitation ranges about 380-1000 mm
annually

* The Taiga is a forest of coniferous trees such
as spruce, fir and pine. This is 2 major source
for the logging industry.

* [mportant migratory  herbivores  include
moose, elk, deer and reindeer. Moose and
reindeer migrate 1o the Taiga for winter and to
the Tundra for summers. The commaon smaller
mammials are herhivorous squirrels, snowshoe
hare and predalory pine martens. Important
predators include the timber wolf, grizzly bear,
black bear, bobcat and wolverines. (Fig. 11.6)

Fig. 11.6 Taiga biome
Grassland Biome

* Grasslands occur in temperate and in the
tropical regions.
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* They have hot summers, cold winters, and

® The low irregular rainfall is the factor which
makes the difference between a temperate
deciduons forest and a temperale grassland

* Herbivores like antelope, bison, wild horse,
jack rabbit, ground squirrel and prairie dogs
are abundant.

* Predators include coyoles, foxes, hawks and
snakes.

®* In India, fauna of grasslands includes
Elephant, Gaur, Rhino, Anielope.

* Flora of grasslands include purple needle
grass, wild oats, foxtail, ryegrass and buffalo

grass (Fig. 11.7).

Fig. 11.7 Grassland biome

Alpine Biome

* The alpine zone (zone between timber line
and snow zone) includes in the descending
order, a sub-snow zone immediately below
the snow zone, a meadow zone in the centre
and a shrub zone which gradually merges
into the timber zone.

* The snow rone of Himalayas lies owver
5100m above mean sea level and alpine
zome exists at a height of 3600m. From an
ecological view point, the zone abowe the
limits of tree growth {(timber line) exhibits
extreme environmental conditions which
greatly influence the biota of this region.
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, Historically blomes are
- kmown to move as climate

changes. A classic example

s the Sahara Deserl, which

years apo was supposed to
be a lush landscape with river flowing
through 1. Accordingly, appropriate
fauna like Hippos, Giraffes, Crocodiles
lived amid abundant trees. Over course
of time the dimate dried out. It has now
become the planetls largest deserl. The
animals have migrated out to adjacent
reglons with more favourable conditions.

{Source: National Geography)

* Alpine mone of Himalayas is characterized
by sparseness of animal groups. Many
invertebrates of alpine zone are predatory
and occur in lakes, sireams and ponds.
Among verichrates, fishes and amphibians
are iotally lacking and reptilian fauna is

* Flora of alpines includes alpine phacelia,
bear grass, bristlecone pine. mosscampion,
polylepis forest, pygmy bitterroot, and
wild potato.

Forest Biome

Forest is a broad term used to describe
arcas where there are a large number of
Lrecs {FI.E 11.E). The forest biomes include a
compiex assemblage of ditferent kinds of biotic
communities. The major forest biomes are the
Tropical forests and the Temperate forests.

Tropical forest
* They occur mear the equator (between
latitudes 23.5" at north and 235" at south).
* ‘The major characteristic of tropical forests is
their distinct seasons. Only two seasons are
present (rainy and dry). Winter is absent.
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The length of daylight is about 12 hours and
varies litthe.

* The averape annusl lemperature ranges
between 20° C and 25° C.

* Precipitation  is  evenly  distributed
throughout the year with annoal rainfall
exceeding 2000 mm.

® Sgil i5 nutrent-poor and  acidic.
Decomposition is rapid and soils are subject
to heavy leaching.

® Tree canopy is multilayered and continuous,
allowing little light penetration.

* Flora is highly diverse- one square kilometer
may conlain as many as 100 different tree
species. Treesare25-35m Lall, with buttressed
trunks and shallow roots, mostly evergreen,
with large dark green leaves. Common
vegelation are orchids, bromeliads, vines
(lianas), ferns, mosses, and palms.

® They ame characterized by the greatest
diversity of fauna which includes birds, bats,
small mammals, and insccts.

More than half of carth’s tropical forests
have already been destroyed.

Fig. 11.8 Forest biome

Temperate forest

* These forests occur inm eastern North
America, northeastern Asia and western
and central Europe.

* Have well-defined seasons with a distinct
winter. Moderate climate and a growing
scason of 140-200 days during 4-6 frost-
free months distinguish temperate forests.
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* Annual temperature varies from -30° C to

3o

Precipitation (750- 1500 mm | is distributed
evenly throughout the year.

Soil is fertile, enriched with decaying litter.
Canopy is moderately dense and
allows light to penetrate, resulting in
well-developed and richly diversified
understorey vegetation and siratification
of animals.

Flora is characterized by 3-4 tree species
per km®. Trees have broad leaves that are
lost annually such as cak. hickory, beech,

hemlock, maple, basswood, cottonwood,
elm, willow, and spring-flowering herbs.

Fauna consists of squirrels, rabbits, skunks,
birds, deer, mountain lion, bobcal, timber
wolf, fox, and black bear.

Desert Biome
# Deseris cover about one ffth of the earth's

surface and occur where rainfall is =250
mmJ'year.

Rainfall is osually wery low andfor
concentrated in shorl bursts between
long rainless periods. Evaporation rates
regularly exceed rainfall rates.

Soils are course-textured, shallow, rocky
or gravely with good drainage and have no
subsurface water. The finer dust and sand
particles are blown elsewhere, leaving
heavier pieces behind. Sand dunes are

common.

Mean annual temperatures range {rom
20-25° C. The extrems maximum ranges
from 435 - 49* C. Minimum temperalures
sometimes drop to -18° C. Based on the
temperature range, deserts can be Hot
deserts and Cold deserts.

| ] WDl Tedlepy Chasier T8 EllSsdd TEE

#* Hot deserts such as the Sahara of North
Africa and the deserts of the southwestern
US, Mexico, Australia and India
(Thar desert) occur at low latitudes.

# Hot deserts have a considerable amount
of specialized wegetation (xerophytes),
aloe, agave, Opuntia species. Euphorbia
royleana as well as specialized vertcbrate
and invertchrate animals.

* The dominant animals of warm deserts are
reptiles amd small mammals. The Indian
Spiny-lailed [izard, the blackbuck, the
white-footed fox are the common fauna
of the Thar deserts. There are also insects,
arachnids and birds.

* Cold deserts occur in Antarctic, Greenland
and the Nearctic realm, parts of USA and in
parts of western Asia and the Ladakh region
in India.

» Widely distributed animals are jack rabbits,
kangaroo rats, kangaroo mice, pocket
mice, grasshopper mice, antelope and

ground squirrels. @

Rainfall s lowest In
the Atacama Desert of
Chile, where It averapes
less than 15 mm. Some
years are even rainless.
Inland Sahara also recelves less than
15 mm rainfall a year. Rainfall In
American deserts 1s higher — almost
280 mm a year.

s
'*

11.5 Responses To Abiotic Factors

Every living organism responds to
its environmenl. There are various ways
by which organisms respond to abiotic
conditions. Some OTganisms can maintain
constant physiological and morphelogical
conditions or undertake steps o overcome
the environmental condition, which in itself

is a response (Fig. 11.9).
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Fig. 11.9 Organisms’ response Lo

covironmenltal stressors

The types of responses observed are

* Regulate: Some organisms arc able to
maintain homeostasis by physiological
means which ensures constant body
lemperature, ionic / osmotic balance.
Birds, mammals and a few lower vertehrate
and invericbrate species are capable of such
regulation.

* Conform: Most animals cannot maintain
a constant internal environment. Their
body temperature changes with the
ambient lemperature. In agoatic animals
like fishes, the osmotic concentration of
the body fuids changes with that of the
ambient waler osmotic concentration. Such
animals are called Conformers. In case of
extreme condition, the inhabitants relocate
themselves as in migration.

* Migrate: Organisms tend o0 move away
temporarily from & stressful habitat o a
new, hospitable area and return when the
stressful period is over. Birds migrate from
Siberia o Vedanthangal in Tamilnado o
escape from the severe winter periods.

* Spspend: In certain conditions, i the
organisms is unable to migrate, it may avoid
the stress by becoming inactive. This is seen
commonky in bears going into hibernation
during winter. Some snails and fish go
into acstivation to avoid summer related
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problems like heat and desiccation. Some
lower animals suspend a certain phase of their
life cycle, which is referred 1o as diapause.

11.6 Adaptations

Adaptations can be a phenotypic or adaptive
trait with a functional mle in each individual
organism thal is maintained and has
been evolved by natural selection. The adaptive
traits may be structural adaptation, behavioural
adaptation and physiological adaptation.

a) Struciural adaptations

The external and internal structures of
animals cam help them to adapt better to their
environment. Some of the most common
examples are mammals growing thicker fur
to survive freezing climates. Some of the
most attractive adaptations in nature occur
for reasons of crypsis (eg. camouflage) and
mimicty. Cryptic animals are those which
camouflage perfectly with their environment
and are almost impossible to detect. Certain
reptiles and insects such as chameleons and
stick imsects show this type of adaptation,
which helps in prey captore or to evade from
predators.  Likewise, horse legs are soitable
for fast running and adapted for grasslands

and similar terrestrial environments.

b) Behavioural adaptations

Action and behaviour of animals are
instinctive or learned. Animals develop certain
behavioural traits or adaptations for survival
Flecing from a predator, hiding during skeep,
seeking refuge from dimate change or moving
to find different food sources are all behavioral
adaptations. The two most characteristic forms
of behavioral adaptations are migration and
courtship. Migration allows the animals to find
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better resources or evade threat. Courtship is
a set of behavioral patierns to find a maie o
reproduce. Most nocturnal animals remain
underground or inactive during daytime. This
is 2 modification of their fecding and activity
pattern or habit or behaviour.

Ethology is the sclentific study of antmal
behaviour, under natural condilions.

¢} Physiological adaptations

These are adaptations of organisms
that help them to live and survive in their
environment with unique niches. Example:
Lions have sharp canines to hunt and tear
meal and a digestive system suitable for
digesting raw meat. The two most well-known
physiological adaptations are hibernation and
acstivation. These are two different types of
inactivity where the metabolic rate slows down
so much that the animal can survive without
cating or drinking Aquatic medium and
terresirial habitats have their own respective
environmental conditions. Hence organisms
have to evolve appropriate adaptations to select
suitable habitats and niches.

Adaptations of aquatic animals

1. The pectoral fins and dorsal fins act as
stabilizers or balancers and the caudal
fin helps in changing the direction as a
rudder.

2. Arrangement of body muscles in the
form of bundles (myotomes) help in
locomotion.

3. Stream lined structure helps in the swift
maowvement of the animals in water.

4. Respiration by gills making use of gases
dissolved in water.

5. Presence of air-bladders filled with air
for buoyancy.

6. Presence of lateral-line system. They

function as rheoreceptors which is

helpful in echolocating objects in water.

7. Integuments rich in mucous glands are

protected by scales.

8. Maintain water and ionic balance in its
body with excretory structures.

Adaptations of terrestrial animals
I. Earthworms and land Planarians
SeCrete 4 mucus coaling to maintain a
moist situation for burrowing, coiling,
respiralion, eic.,
2. Arthropods have an external covering

over the respiratory surfaces and well-
developed tracheal systems.

3. In verichrate skin, there are many
cellular layers besides the well protected
respiratory surfaces that help in
preventing loss of water.

4 Some animals obtain their water
requirerment  from food as  partial
replacement of water lost  through

exCretiom.

5. Birds make nests and breed before the
rainy scason as there is availability of
abundant food. But during drooght
birds rarely reproduce.

6. Camels are able to regulate water
effectively for evaporative cooling
through the skin and respiratory system
and excrete highly concentrated urine,
and can also withstand dehydration up
to 25% of their body weight.

11.7 Populations

of the same species which I+
can  interbreed  among [=]
themselves, and occupy a particolar space
and function as part of a biotic community.
A population has various propertics like
population density, natality (birth rate).
mortality {death rate). age distribution, biotic
potential, dispersion and v, K’ selected
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growth forms. A population possesses genctic
characteristics that are directly related to
their adaptiveness, reproductive success, and
persistence in their habitats over time. Life
history of an organism is an important part
of this attribute. The population has a definite
structure and function that can be described
with reference to time.

1 1.8 Population Aftributes
Population density

The density of a population mefers o
ils size in relation to unit of space and lime.
Population density is the total number of that
species within a natural habital. The size of
the population can be measured in several
ways, including abundance (absolute number
in population), numerical density (number
of individuals per unit area {or) volume) and
biomass density (biomass per unit area (or)
volume). The population density of a species
can also be expressed with reference to the
actual arca of habital available to the specics
When the size of individuals in the population
is relatively uniform then density is expressed
in terms of number of individuals {nemerical
density).

Natality
Populations increase because of
natality Matality is eguivalent to birth rate
and is an expression of the production of new
individuals in the population by birth, hatching,
germination (or) fission. The two main aspecisof
reproduction, namely fertility and fecundity play
a significant role in a population. Matality rate
may be expressed in crude birth rate number of
organisms born per female per unit time.

2 _ mamber of barth per unit time
Birth rate (b} = = =

Organisms and Popuistions 08
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Mortality
Mortality is the population dedline factor and
is oppposite to natality. Mortality can be expressed
a5 a loss of individuals in unit time or death
rate. Generally, mortality is expressed as specific
mortality, that is. the number of members of an
original population dying after the lapse of a given
time. The crude death rate of 2 population can be
nurnber of deaths per unit fime
average population
The rate of mortality (death) is determined
by density. Mortality is high at high density
because of the harards of overcrowding,
increased predation and spread of disease.
Mortality rates vary among species and
are correlated and influenced by a number
of faclors such as destruction of nests, eggs
or young by storms, wind, floods, predators,
accidents and desertion by parents.

Population Dispersion
Populations have a tendency to disperse

Death rate (d)=

or spread out in all directions, until some
barriers are reached. This is observed by the
migration of individuals into (Immigration)
or out {Emigration} of the popolation arca.
Migration

Migration is a peculiar and unique kind of

mass population movement from one place to
another and back. To avoid the severe winter

cold, Siberian cranes migrale from Siberia
to Vedanthangal in Tamil Madu and return
back in spring. S5ome fishes are known to
migrate from sea to fresh water (anadromous
migration, Salmon) and some from fresh
waler to sea (caladromous migration, Eel).
Emigration

Under natural conditions. emigration
psually occurs when there is overcrowding. This
is regarded as an adaptive behavior that regulates
the population in a particular site and prevents
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Fig. 11.10 Age disirtbution pyramids

over cxploitation of the habitat. Further, it leads
to occupation of new areas elsewhere.
Immigration

It leads to a rise in population levels. If
the population increases beyond the carrying
capacity, it can result in increased mortality
among the immigrants or decreased

reproductive capacity of the individuals.

Both cmigration and immigration are
initiated or triggered by weather and other
ahiotic and biotic factors.

11.9 Population Age Distribution

The proportion of the age groops
{pre- reproductive, reproductive and  post
reproductive)ina population isits age distribution
attribute. This determines the reproductive status
of the popuolation at the given time and is an
indicator of the future population size-

Usually a rapidly growing population will
have larger proportion of young individuals. A
stable population will have an even distribution
of various age casses. A declining population
tends to have a larger proportion of older
individuals IfFi.g. 1510}

11.10 Growth Models / Curves

Populations show characteristic growth

patterns or forms. These patterns can be plotted
and termed as J-shaped growth form and

S-shaped growth form (Sigmoid form).
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J-Shaped growth form

When a population increases rapidly
in an exponential fashion and then stops
ghruptly due to environmental resistance or
due to sudden appearance of a limiting factor,
they are said to exhibit J-shaped growth form.

Many insects show explosive increase in

number during the rainy scason followed by
their disappearance at the end of the season

(Fig. 11.11).

| Bioke Environmental  Carrying
polential resistance  capacly

Papulation

Tame —*

Fig. 11.11 J-Shaped and S-Shaped
growth curves
5-Shaped growth form (Sigmoid form)
Some populations, as in a population of
small mammals, increase slowly at first then
more rapidly and gradually slow down as

environmental resistance increases whereby
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equilibrium is reached and maintained. Their
growth is represented by 5 shaped growth

CUTveL,

Biotic potential or Reproductive capacity (r)
It is the maximum reproductve

capacity of an organism under optimum

environmental conditions.

Carrying capacity (K}

aregion can support without environmental

degradation is called carrying capacity.

Environmental resistance
Elﬂ_nmntulﬂcfﬂrmﬂrmmﬂ

which together act o prevent the biotic

Tahle 11.2 Differences between r- selected
and K selected species

Smaller sized Larger sized
Organisms Organisms
Produce many Produce few
offspring offspring
Late maturity with
Mature early extended parental
CATE
Short life 2
expectancy Long life expectancy
Each individual T
reproduces only more than once in
once or few times in Eifetime
thicir life time
Sy o sl o i
span
Uns_l.a.b;?mm Stable environment,
density independent ¥ Sepencent
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11.11 Population Regulation

The inherent tendency of all animal
populations is 1o increase in number. But it does
not increase indefinitely. Once the carrying
capacity of the environment is reached,
population numbers remain static or fluctuate
depending on environmental conditions. This is
regulated by many factors which are

l. Density independent — Extrinsic factors

2. Density dependent -  Intrinsic factors
Extrinsic factors include availability of space,
shelier, weather, food, etc. Inirinsic factors
include competition, predation, emigration,
immigration and discases.
11.12 Population Interaction

Orpganisms  belonging to  different

populations interact for food, shelter, mating
or for other necessities. Interaction may be
intra specific {interaction within the members
of same species) or inter specific (among
organisms of different species).

Intra specific association is observed for all
livelihood processes like feeding, terriloriality,
breeding and protection.

Interspecific associations or interactions
can be-

Meutral: where different species live together
but do not affect each other.

Positive: it is a symbiotic relationship in which
0o OTganism in association is harmed and either
one or both may be benefitied. It is of two types
- Mutualism and Commensalism.

Megalive: One or both of the interacting
organisms will be alfected as in case of
competition, predation, parasitism.

The common types of interspecific

infer actions are:
AMENSALISM (-, 0): This is the ecological
interaction in which an individiual species
harm another without obtaining benchi,
large powerful animals harm weak animals.
¢.g.. animals destroyed at the feet of elephants

ci e i B | I



| —T T

Table 11.3 Analysis ol two specics population inleractions

3 Commensalism + 1] Populaton 1, the commensal | Sucker ish on
benefits, while 2 the host 1s not shark
affected

1 Competilion - - Direci  imhibitbon of each | Binds compele
species by Lhe other with sqguirrels

for nuts and
seeils

L Parasitism + - Population 1, the parasie Ascarrls amd
generally smaller than 2, the tapeworm
sl in human

digesttve Lract

& Predation + - Population 1, the predator, | Licn predatory
generally larper tham 2, the on deer

HU']U&LIEH{+.+]:IIBHEWD[‘EMEHEHUH
where both species benefit from the interaction.
Mutualism may be facultative when the species
involved are capable of existence independent of
one another, or obligate, when the relationship
is imperative of the existence of one or both
species. Examples:

* (Certain bacteria in the cacca and intestine
of herbivores aid in the digestion of
cellulose. Im return the host provides
suitable environment for the growth of the
bacteria.

* The cross pollination of flowers by insects
and birds secking nectar and pollen which
isof great importance in agriculture.

* Small birds cleaning the teeth of crocodiles.
Here the birds gets food and the teeth of
crocodile is cleaned.

* The hermit crab carries along on its shell
a Sea anemone {a sedentary coclenterate).
The crab is protected from its enemies by
the stinging cells of the anemone while the

anemone gets its food (Fig. 11L12).
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lg. 11.12 Sea anemone on hermit crab:
Crocodile and bird
COMMENSALISM (+, 0): This defincs the
interaction in which two or more species are
muiually associated in activilies centering
on food and ome species at least, derives
benefit from the association while the
other associates are neither benefited nor
harmed. The concept of commensalism has
been broadened in recemt years, to apply
to coactions other than those centering on
food such as cover, support, production, and
lncomotion. Examples:

# Barnacles altached to Whales travel
thousands of miles collecting and filtering
food from the moving water. The whales
are not affected by the barnacles.
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* Egrels usually are present near cattle. They
catch insects which are disturbed by the
cattle. The bird benefits, while the cattles
are not affected (Fig. 11.13).

Fig. 11.13 Egrets near cattle; barnacles on whale

COMPETITION (-, )z It refers 1o the type of
interaction in which individuals of a species
or members of different species vie for limited
availability of food, water, nesting space, cover,
mates or other resources. When resources are in
more than adequate to meet the demands of the
organisms secking them, competition does not
occur, but when inadequate Lo satisfy the need of
the organisms secking them, the weakest, least
adapled, or least aggressive individuals are often
forced to face challenges. This phenomenon is
known as the competitive excdusion principle
of Hardin

DEGREE OF COMPETITION - Competition
is usnally keen between individoals of the same
species  (intraspecific competition) because
they have idenmtical requirements for food.
mates, and so on. Interspecific compelition
occurs where different species require at keast
some resource materials or conditions in
commaon. The severity of competition depends
on the extent of similarity or overlap in the
requirements of different individuals and the
shortage of the supply in the habitat as binds

compete with squirrels for nuots, and seeds;
insects and ungulates compete for food in
grasslands (Fig. 11.14).

PARASITISM (+, —): It is a kind of harmful
interaction between two species, wherin one
species is the ‘parasite” and the other its “host
The parasite benefits at the expense of the host.
A parasite  derives  shelter,  food
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Fig. 11.14 Owls competing for food

and protection from the host.  Parasites
cxhibit adaptations to exploit their hosts
The parasites may be viral parasites
(plant / animal viruses), microbial parasites
(e.g., bacteria / protozoa / fungi), phytoparasites
(plant parasites) and TOOparasiles
(animal pamsites such as Platyhelminthes,
nematodes, arthropods). Parasites may inhabit
or aitach to the surface of the host { Ectoparasites
- Head lice, Leech) or live within the body of
the host (endoparasites - ascaris, lapewormy).
The endoparasites usually live in the alimentary
tract, body cavities, various organs or blood or
other tissues of the host

Parasites may be permanent or temporary.
Temporary parasites spend only a part of their
life cycle as parasites. For example, Glochidium
larva of Anadonia ([resh water mussel) attaches
itself to the body of fish. Permanent parasites
spend their life completely dependent on
their host organism. The common examples
of permanent parasites are  Plasmrodinm,
Entamocba, Round worms, Pin  worms,
Tape worms, etc.,

PREDATION (4, -} It is a form of interaction,
where one animal kills another animal for
food. Like parasitism, predation is important
in community dynamics, but both differ in the
point that a predator tends to be larger than
ils prey, and it catches its prey from without,
while a parasite is smaller than its host and

consumes it from within



Fig. 11.15 Lion predating on deer

By their hunting activities predators can
be regarded as specialized or generalized.
Specialized predators are those adapted to
hunt only a few specific species. Lion and
deer exhibit predator - prey relationship,
where the Lion is the predator and the deer is
the prey. This type of interaction helps in the
transfer of energy up the trophic levels and is
an esscntial strategy in population regulation
(Fig. 11.15).

Summary

Ecology is the study of the relationships
of living organisms with the shiotic and
biolic components of their environment
Temperature, Light, Water, Soil, Humidity,
Wind and Topographic factors are the important
physical components of the environment to
which the organisms are adapted in various
ways. Mainienance of a constant internal
environment by the organisms contributes o
optimal performance, but only some organisms
{regulators) are capable of homeostasis in the
fact of changing external environment. Others
simply conform. Many species have evolved
adaptations to avoid unfavourable conditions in
space or in time.

Popuolation ecology is an important area of
ecology. A population is a group of individuals
of a given special sharing or competing for
similar resources in a defined geographical
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area. Populations have attributes that individuoal
organisms do not; such as natality and mortality,
sex ratio and age distribution. The proportion
of different age groups of males and females
in & population is often presented graphically
as age pyramid, its shape indicated whether a
population is stationary, growing or declining

Ecological effects of any factors on a
population are generally reflected in population
density. Population grow through births and
immigration and decline through deaths and
emigration. When resources are unfimited,
the growth is wsually exponential but when
resources become progressively limiting the
growth patiern turns logistic. In either case,
growth is ultimately limited by the carrying
capacity of the environment. The intrinsic rate
of natural increase is a measure of the inherent
potential of a population to grow.

Population of the same or different species
in a habitat do not live in isolation but interact
in many ways. These inleractions may be intra
specific or interspecific. They may be positive,
negative or neutral in natore.

Evaluation:

as
a) Biome

b) Ecosystem
) Territory

d) Bintic factors

2. Organisms which can survive a wide range

of temperature are called
a) Ectotherms  b) Enrytherms
) Endotherms  d) Stenotherms

3. The interaction in nature, where one gets
benefit on the expense of other is_..

a} Predation b} Mutualism
c) Amensalism  d) Commensalism
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Predation and parasitism are which type of
interactions?

a) (+.4) b) (+, )

) (= =) d) (+,-)

Competition between species leads to

a) Extinction b) Mutation

c} Amensalism  d) Symbiosis
Which of the following is an r-species

a) Human b) Insects

c) Rhinoceros d) Whale

Match the following and choose the correct
combination from the options given below.

Column 1 Column 11
A Mutualism 1. Lion and deer
B. Commensalism 2. Round worm and man

.. Parasitism 3. Birds compete with

squirrels for nuts

D. Competition 4_5ca anemone on hermit

crab

E. Predation 5. Barnacles attached o

a)
b}
c)
d)

8

htemal lewa| =

Whales

A-4, B-5, CZ, D-3 El

A-3 B-l, C4, D-2 ES

A-2 B3 Gl D-5 E4

A-5 B4, G-I, D-3 E-l

The figure given below is a diagrammatic
representation of response of organisms
o abiotic factors. What do A, B and C
represent respectively

Organisms and Popuistions 104
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Cooformer Regulator Partial
Regulaior
h Regulator Pariial Conformer
Regulator
(5 Fartial Regulator Confermer
Regulator
d Regulaior Conlormer Partial
Hegulaior
9. The relationship between sucker fish and
shark is..._....
a} Competition  b) Commensalism
c) Predation d) Parasitism

10. Which of the following is correct for
r-selected specics
a) Large number of progeny with small size
b} large number of progeny with large sine
) small number of progeny with small size
d) small number of progeny with large size

11. Animals that can move from fresh water
to sea called as.__..

a} Stenothermal b) Eorythermal

¢} Catadromouns d) Anadromous

I12. Some organisms are able to maintain
homeostasis by physical means _..

a} Conform b) Regulate
) Migrate d) Suspend

13. What is a Habitat?

I4. Define ecological niche.

I5. What is Acclimatisation?

Is. What is Pedogenesis?

17. What is soil permeability?

18. Differcntiate between Eurytherms and
Stenotherms.

19. Explain hibernation and aestivalion with

examples.
20. Give the characters of 2 Biome?

21. Classify the aquatic biomes of Earth.
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22 What arc the ways by which organisms 29_ List the adaptations seem in terresirial

respond 1o abiotic factors? animals.
23. Classify the adaptive traits foond in 30. Describe Population Age Distribution.
Organisms. 31. Describe Growth Models/Curves.
24. Differentiate Natality and Mortality. 32 Tabulate and analysis of two species
25, Differentiate ] and 5 shaped curve. population interaction.
26. Give an account of population regulation. 33. Explain Parasitism with an example.
27. Give an account of the properties of soil. 34 Differentiate  between Amensalism  and
28. Differcntiate between Tundra and Taiga Commensalism,
Biomes.
@ @

106 NS Sl Pt aa0ns

 — —

| ] NI Sl Tociogy Chaotr VT EMnad TEE @ RS TEan r=| I



u_FmﬂmunE,

AP
SHREI e ULy

| -
- o
:
m

LUE I g

Iumliadop
Riig

rEqan apea TR
o4 81 Uod 1ay pLIB B|GEH

tmwang i el [T

| uenairnded
| BLE W UEES

deyy 1daouon)

0
@



UNIT -V

ey outline
121  Biodiversity
122 Importance of biodiversity - Global
and India

123 PBiogeographical regions of India
124 ‘Threats to biodiversity
12.5. Causes of Biodiversity Loss

126 IUCN

& 127 Biodiversity and its conservation
128 Restoration of degraded habitats
129  Biodiversity Act (BDA)

Biodiversity and
its Conservation
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Milgiri luhr is an r:m.l'ang.-:rr:i species im the
TUCN Red List of Threafened Species
due to hunting and poaching

wide varicty of Bving organisms including
animals and micm-organisms with

2 beantiful place to live in. Living organisms exist
almost everywhere from mountain peaks to the
ocean depths; from deserts to the rainforests.
They vary in their habit and behaviour, shape,
size and colour The remarkable diversity of
living organisms forms an inseparable and
significant part of our planet. however, the over
increasing human population is posing serions
dmmhu—ch?uﬂtylnﬂlﬁdnanwﬁhaﬂ

12.1 Biodiversity

The 1992 UN Earth Summit defined
Biodiversity as the variability among living
organisms  from all sources, including
terrestrial, marine and other aquatic ecosystems
and the ecological complexes of which they are
a parL This includes diversity within species,
between species and ecosystems of a region.
It reflects the number of different organisms
and their relative frequencies in an ecological
system and constiluies the most important
functional component of a natural ecosystem.

197
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It helps to maintain ecological processes,
create soil, recycle notrients, influence climate,
degrade waste and control diseases. It provides
an index of health of an ecosystem. The survival
of human race depends on the existence and
wellbeing of all life forms (plants and animals)
in the biosphere.

12.1.1 Concept of biodiversity

The term biodiversity was introduoced
by Walter Rosen (1986). Biodiversity is the
assemblage of different life forms. Each species
is adapted to live in its specific environments.

The changes in climatic conditions are
reflected in the distribution and patiern of
biodiversity on our planet. The nomber of
species per unit area declines as we move

from tropics towards the poles. The Tundra
and Taiga of northern Canada, Alaska,
northern Europe and Russia possess less than
12 species of trees. The temperate forests of
the United states hawe 20-35 species of trees,
while the tropical forests of Panama hawve over
110 species of trees in a relatively small area.

12.1.2 Levels of biodiversity

Edward Wilson popularized the term
“Biodiversity’ to describe diversity at all levels
of biological organization from populations to
biomes. There are three levels of biodiversity
— Genetic diversity, Species diversity and
Community/Ecosystem diversity (Fig. 12.1).

Genetic diversity refers to the differences
in genetic make-up (number and types of genes)
between distinct species and to the penetic
variation within a single species; also covers
genelic variation between distinct populations
of the same species. Genetic diversity can
be measured using a varicty of molecular
techniques. India has more than 50,000 genetic
variants of Paddy and 1000 variants of Mango.
Variation of genes of a species increases with
diversity in size and habitat. It results in the

DNdvirsity 2nd s Comsereslion 158
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Fig. 12.1 Three levels nf blodiversity

formation of different races, varictics and
subspecies. Rouwolfia vomitaria, a medicinal
plant growing in differemt ranges of the
Himalayas shows differences in the potency
and concentration of the active ingredient
reserpine due o genetic diversity Genelic
diversity helps in developing adaptations 1o
changing environmental conditions.

Species diversity refers to the varicty
in number and richness of the species in any
habitat. The number of specics per unit area at
a specific time is called species richness, which
denotes the measure of species diversity. The
Western Ghats have greater amphibian species
diversity than the Eastern Ghats. The more
the number of species in an area the more is
the species richness (Fig. 12.1a). The three
indices of diversity are - Alpha, Beta and
Gamma diversity.
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i. Alpha diversity: It is measured by counting
the number of taxa (nsually species) within
a pmicula.l: ared, communily or ecosysiem.

i Beta diversity: It is species diversity

between two adjacent ecosystems and is
obtaining by comparing the number of
species unique to each of the ecosystem.

iii. Gamma diversity refers to the diversity

of the habitats over the wtal landscape or
grographical area.

Fig. 12.1a Species blodiversity

Community/Ecosystem diversity is the
variety of habitats, biotic communities, and
ecological processes in the biosphere. Tt is the
diversity at ecosystem level duoe to diversity of
niches, trophic levels and ecological processes
like notrient cycles, food webs, energy flow
and several biotic interactions. India with its
alpine meadows, tain forests, mangroves,
coral reefs, grass lamds and deserts has one of
the greatest ecosystem diversity on carth.

12.1.3 Magnitude of biodiversity
Biodiversity is often quantified as the
number of species in a region at a given time.
The current estimate of different species on
carth is around 8-9 miflion. However, we really
don't know the exact magnitude of our natural
wealth, This is called the "The Taxonomic
impediment. So far about 1.5 million species of
microorganisms, animals and plants have been

| | W e Topkegy Trmesins 13 2ilinsE 106
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described. Each year about 10-15 thousand
new species are idemtibed and published
worldwide, of which 75% arc invertebrates. The
number of undescribed species is undoubtedly
much higher.

India is very rich in terms of biological
diversity doe to its unigque bio-geographical
location, diversihed climatic conditions and
enormous  eco-diversity and  geo-diversity:
According toworld biogeographic classification,
India represents two of the major realms
(The Palearctic and Indo-Malayan) and three
biomes (Tropical humid forests, Tropical Dry/
Deciduous forests and Warm  Deserts/Semi
deserts). With only about 2.4% of the worlds
todal land surface, India is known to have over
B % of the species of animals that the world
holds and this percentage accounts for about

India is the seventh largest country in the
world in terms of area. India has a variety of
ecosystems, biomes with its varied habitats
like, hills, walleys, platcans, sea shores,
mangroves, estoaries, glaciers, grasslands
and river basins. It also reflects different
kinds of climates, precipitation, temperature
distribution, river flow and soil. India is one
of the 17 mega biodiversity countries of the
world and has ten biogeographic zones with
characteristic habitat and biota

“The world is currently undergoing a very
that have previously occurred only
five or six limes in the earth's history.”

- World Wildlife Fund

12.1.4 Patterns of biodiversity
distribution
The distribution of plants and animals
is not uniform around the world. Organisms

require different sets of conditions for their

144 Rloihwersily and (5 Conserestion
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optimum metabolism and growth. Within
this oplimal range (habitat} a large number
and type of organisms are likely to occur,
grow and multiply. The habitat conditions are
determined by their latitudes and altitudes.

Latitudinal and altitudinal gradients:
Temperature, precipitation, distance from the
equator (latitudinal gradient}, altitude from sea
level (altitudinal gradient) are some of the factors
that determine biodiversity distribution patterns.
The most important patiern of biodiversity is
latitudinal gradient in diversity. This means
that there is an increasing diversity from the
poles to equator. Diversily increases as one
mowes lowards the temperate zones and reaches
the maximum at the tropics. Thus, tropics
harbour more biodiversity than temperate or
polar regions, especially between the latitudes
of 23.5"N and 23.5°5 (Tropic of Cancer to the
Tropic of Capricorn). Harsh conditions exist in
temperate arcas during the cold seasons while
very harsh conditions prevail for most of the year
in polar regions.

Columbia lncated near the equator (0") has
nearly 1400 species of birds while New York a1
41" has 105 species and Greenland at 71°N
has 56 species. India, with much of its land arca
in the tropical latitudes, is home for more than
1200 species of birds. Thos it is evident that the
latitude increases the species diversity.

Decrease in species diversity occurs as
one ascends a high mountain due o drop in
temperature (temperature decreases @ 6.5°C
per Km above mean sea level)

The reasons for the richness of
biodiversity in the Tropics are-

« Warm tropical regions between the tropic

of Cancer and Capricorn on cither side

of equator possess congenial habitats for
living organisms.

« Environmental conditions of the tropics
are favourable not only for speciation

DNdvirsity 2nd s Comsereslion iy
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Mean Sea Level (MSL) 15 an average
level of the surface of one or more of
Earth’s oceans (or seas) from which
hetghts such as elevations may be
measured.

Aswelravel by tralnwenotice names
of stations on big yellow signboards
on which Is usually wriiten how much
elevated thal place is compared 1o MSL.
For example, Erode Junclion is about
171 meters above MSL.,

but also for supporting both variety and
number of organisms.

« The temperatures vary between 25°C o
35%C, a range in which most metabolic
activities of living organisms occar with
ease and efliciency.

« The average rainfall is often more than
200 mm per year.

« Climale, scasons, temperature, humidity,
photoperiods are more or less stable and
encourage both variety and numbers.

« Rich respurce and nutrient availability.

Species - Area relationships

German Maturalist and Geographer
Alexander von Humboldt explored the
wilderness of sooth American jungles and
found that within a region the species richness
increased with increasing arca but uplo a
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certain limit The relationship between species
richness and area for a wide variety of taxa
(angiosperm plants, birds, bats, freshwater
fishes) turned owt to be the rectangular
hyperbola On a logarithmic scale, the
relationship is a straight line described by the
eguation.

logS=logC+Zlog A
where

§ = Species richness

A = Area

£ = Slope of the line

(regression coeflicient)

C =Y-intercept
T S=caF
:
=
5 e
i ST —log s ~leg C + Ziog A
oW
n

(A) Area ——(3)
Fig. 12.2 Spedes - Area relationship on
log scale

Regression coefficient Z generally has a
value of 0.1-0.2 regardless of taxonomic group
or region. However, in case of the specics -
arca relationship in very larpe areas like entire
continents, the slope of the line appears to
be much steeper (Z-value in the range of
0L6-12). For example, in case of the fruit eating
(frugivorous) birds and mammals in the tropical
forests of different continents, the slope is found
to be a steeper line of 1.15 (Fig. 12.2).

12.2 Importance of biodiversity -
Global and India

Biodiversity is the variety of life on carth.
That is, it is the number of different specics

| | Wi e Topkogy Crmester 13 2hlinss 20N

of flora and fauna incduding microorganisms.
These organisms can inhabit different
ecosystems with warying conditions like
the Rainforests, Coral reefs, Grasslands,
Deserts, Tundra and the Polar ice caps. This
varicty (Biodiversity) is essential for the
wellbeing of our planet and sustenance of
life as a whole.

Ecologist Paul Ehrlich proposed
the "Rivet Popper Hypothesis' for better
understanding the loss of each species in
the ecosystem. He compared each species
of an ecosystem with rivets in the body of an
aeroplane. Thousands of rivets (specics) join
all the parts of an acroplane {ecosystem). If
every passenger travelling in the aeroplane
starts taking rivets home (loss of species),
initially it may not affect flight safety (proper
functioning of the ecosystem). However,
the plane becomes dangerously weak over a
period of time, when more and more rivets are
removed. Moreover, which rivet is removed
is also important. When the key rivets
(remowval of key stone species) on the wings
of the acroplane are removed, undoubtedly
iL poses a serious threat 1o the flight
safety. Thus we understand the role of
every species for the harmonial function of
in ecosysiem.

The importance of biodiversity can be
viewed and measured as

a) Ecosystem services

b} Binlogical resources

c) Social benefits of biodiversity

The organization and functioning
of eccosystems world over is effected and
dependent on biodiversity and its richness.
The major functional attributes are:

« continuity of noirient cyces or
biogeochemical cycles (N, C. H,O. B
S cycles)

« soil  formation, conditioning or

maintenance of soil health (fertility) by

21 Rloihwersily and (5 Conserestion
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soil microbial diversity along with the
different trophic members

increases ecosystem  produoctivity and
provide food resources

act as water traps, filters, water flow
regulators and water purifiers (forest
cover and vegetation)

climate stability (forests are essential for
rainfall, temperature regolation, CO,
absorption, which in twm regulate the
density and type of vegetation)

forest  resource  management  and
sustainable development
maintaining balance between  biotic

l.'ﬂI'I'I'EH:II'IE'EIIE-

cleaning up of pollutants - microbes
are the biggest degraders of molecules
including many anthropogenic
which are present in cffluents, sewage,
garbage and agro-chemicals

DS

Table 11.1. Biogeographical Fones OFf India

= mao LN

« ecological stability — the varieties and
richness of species contribote to ecological
stability and survival of species. Biodiverse
regions are reservoirs of biclogical
respurces like food resources, genc pool,
genelic resource, medicinal resources,
bio-prospecting

« to provide unique aesthetic value and hot
spots for Ecotourism. Along with forest
respurces and wildlife it has commercial
significance

« anindicator of the health of the ecosystem.
Endemism i5 a crucial indicator of
richness.

12.3 Biogeographical regions of
India
As per the international *hiome” type
of classification based upon climate, fauna
and flora and the soil conditions, India can
be divided into ten different biogeographic
rones (Fig. 12.3 and table 12.1), &

1. |Trans Himalayva |Compries mountam| 3 6% |[Alpme steppe vegetation. nchest
areas of Ladakh (J&K), wild sheep and goat commumty m
Morth Sikkim and Lahaml the world {rencwmed for its qualdty
and Spih of HP wool), Chimn hblack rocksd crane

ete..,

2. |Himalzvas The enfire mountam chamn|6.24%  [Alpme forest. orchids,
nmmne from western to rhodotandrons, wald sheep, mowntain
north eastern India goats, shrew:, snow leopard panda

ate

3. |Indizn Desert The extremel and areal6.6% |Thom forests, deciducus forest
west of the Aravalh hill wild asz (endamic), Indian bustard
range compnsme of the camel foxes mnakes o,
sand desert of Rajasthan
(Thar) and the salt desert
of (nyarat (Kutch}
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4 |Semg-and momes

The rones mm betwean the
desart and the Deccan
platean  meluding  the

16.6%

Thom and deciduows  forest
mansroves, Mighai biack buck
four homed antelopes. sambar,

Pena in South (myarat to
the southern most tip of
Eerala

tiger, leopard, jackal sfc..
5. |Westam Ghats Mountain ranees from Satj4%% Evargraen to dry deciduous forests.

Milsm lansur, Indian elephant.
Milemn tahr (state aumal of|
Tamilnadn), the srizzied =guirrel
and l:on tailed macague {andemac)

A large zrea comprizims
of razed land bound by
the Sathpura remEe on
the porth Wastern Ghats
on the west and Eastern
Ghafs on the east

41%

Daciduous forest, thom forests and
pockets of semi ever green forests,
chital sambar, sloth bear, bariang
deer, MNilgha, elephant . black buck
gte.

E

Cne of most farhls rezion
of Indiza which extends
from eastern Rajasthan
through Tttar Pradesh
Bihar and West Bengzal

10 8%

Mansrove forest, drv deciduous
forest. fhunocerps, elephant. buffalo.

tiger, crocodile, swamp desr, hos
deer atc_

Morth — East India

Himalayan lll ranges of

the Indian Indo—Malavan
and Indo Chmasza}
bio zeographical resions.
It 1= the mesting point of

3 2%

Biozeceraphical Gateway for much
of India’s fayma and flora and also
bodrveraty hot spot.

Semu ever green forest monscon
forests. swamps and grassland,
Indian rhmoceros, golden lanenr
leopard atc.,

9. |Cozstal Region

The coastine from Gujarat
to Sunderbans with sandv
beaches. mud flats, coral
reafs. and maneroves

2.5%

Mangroves, sponges, corals, crabs,
turtles, tmas, omamental fishes ate.,

10
Micobar Islands

Andaman and Micobar
Islands m the Bay of
Bengal

0.3%

Evergraen forest, a wade drreratty of|
corals, Marcondam hormballs, siamt
robbear crab, turtle, wald boar, water
monitor, south Andaman kratt ete.,
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Fig. 12.3 Biogeographical regions of India

12.4 Threats to biodiversity

Even though India is one of the I7
identificd mega diverse countries of the world,
it faces lots of threats to its biodiversity.

Apart from natural caoses, human
activities, both directly and indirectly are today’s
main reason for habitat loss and biodiversity
loss.  Fragmentation and  degradation
due w agricoleral practices, extraction
(mining. fshing, logging, harvesting) and
development (settlements, indusirial and
associated infrastructures) leads to habitat

DNdvirsity 2nd s Comsereslion .
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loss and fragmentation leads to formation of
isolated, small and scattered populations and as

Some of the other threats include
specialised  diet.  specialized  habitat
requirement, large size, small population
size, limiled geographic distribution and
high economic or commercial value. Large
mammals by virtue of their size require
larger arcas to obtain the necessities of
life - food, cover, mates than do smaller
mammals. Individual home range of Lion
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can be about 100 square Km. Mammals have
specialized dietary needs such as carnivores,
frugivores and the need to forage over much
larger arcas than general dietary herbivores
and ommnivores. Mammals also have low

reproductive outpuot other than small rodents.
in a system can be seen

from the example of the

fruit bats of Guam (South East Asia). The
fruit bats are a delicacy here, and hence
their population has dwindled which is
nol surprising. What is surprising is that
local fruit production has got affected
as it was identified that the bats served
as pollinators. Hence there is a need for
conservation of diversity as that could
avert such situations.

The interrelationship
and interdependence of
all living components

F
T

12.5 Causes of biodiversity loss
The major causes for biodiversity decline are:

« Habitat loss, (ragmentation and
destruction (affects abouwt 73% of all
specics)

« Pollution and pollutants {smog, pesticides,
herbicides, oil slicks, GHGs)

« Climate change

« Introduction of alienfexotic specics

« Over cxploitation of resources (poaching,
indiscriminate cotting of trees, over
fishing, hunting, mining)

« Intensive agriculture and aguacoltural
practices

« Hybridization between native and non-
native species and loss of native species

« Matural disasters (Tsunami, forest fire,
carth quake, volcanoes)

| | 3 B Topkegy Crmester 13 2hlinss 2I2

» Industrialization, Urbanization,
infrastructure development, Transport -
Road and Shipping activity, communication
towers, dam construction, unregulated
tourism and monoculture are common area
of specific threats

o Co-extinction

Habitat Loss

Development of human society is
inevitable. Natural habitats are destroyed
for the purpose of settlement. agricultore,
mining, industrics and construction of
highways. As a result species are forced to
adapt to the changes in the environment or
move Lo other places. If not, they become
viclim to predation, starvation, disease and
eventually die or results in human animal
conflict.

Owver population, urbanization,
industrialization and agricultural
pdvancements require  additional land,
water and raw materials every year. This is
made possible only throogh (ragmentation
or destruction of natural habitats by filling
wetlands, ploughing grasslands, cutting down
trees, forest, desilling rivers, constructing
transport ways, caving mountains, extracting,
ores, changing the course of rivers and filling
of seashore.

The most dramatic example of habitat
loss comes from the tropical rainforests 14% of
the earth’s land surface once covered by these
tropical forests, is not more than 6% now. The
Amaron rainforest, a vast area, harbouring
millions of species, also called “Lungs of the
planet’is destroyed and being replaced for
agriculture and human settlements. 90% of
MNew Zealand’s wetlands have been destroyed
and cleared for cultivating soya beans and
raising grass for beef cattle. Kodaikanal
and Nilgiri hills of Tamil Madu have been

26 Rloihwersily and (5 Conserestion
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destroyed rapidly for haman occupancy. Loss
of habitat results in annihilation of plants,

microorganisms and forcing oul animals
from their habitats.

Where are the Sparrows?

Common Sparrows 2re going extinct
becanse of mindless wrbanization. They
are losing not just their natural habitats
need and thrive upon. The population of
sparrows is dwindling due o the wse of
packed food, insecticides in farming and
changing lifestyles, and match box-styled
architecture resulting in an inadequate
availability of food and shelter for the birds.
ledges, sparrows need cavities to build their
DCELs.

Habitat fragmentation

Habitat [ragmentation is the process
where a large, continmous area of habitat is
both, reduced in arca and divided into two or
more fragments. Fragmentation of habitats
like forest land into crop lands, orchard lands,
plantations, urban areas, industrial cstates,
transport and transit systems has resulted in the
destruction of complex interactions amongst
species, (food chain and webs) destruction of
species in the cleared regions, annihilation of
species restricted to these habitats (endemic)
and decreased biodiversity in the habitat
[ragmenis. Animals requiring large territories
such as mammals and birds are severely
affected. The elephant corridors and migratory
routes are highly vulnerable. The dwindling
of many well-known birds {sparrows) and
animals can be attributed to this.

Over exploitation:
We depend on nature for our basic needs

such as food and sheller. However, when

DNdvirsity 2nd s Comsereslion i
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the need becomes greed, it leads to over
exploitation of natural resources. Excessive
exploitation of a species, reduces the size of
its population to such a level that it becomes
vulnerable to extinction. Dodo, passenger
pigeon and Stellers seca cow have become
extinct in the last 200-300 years doe o over
exploitation by humans. Overfishing due to
population pressure leads to many marine fish
(populations) declining around the world.

Exotic species invasion:

Exotic specics (non-native; alien) are
organisms often introduced unintentionally
or deliberately for commercial purpose, as
biological control agents and other nses. They
often become invasive and drive away the local
species and is considered as the second major
cause for extinction of species. Exotic species
have proved harmful to both aguatic and
lerrestrial ecosystems.

Tilapia fish (Jilabi kendai)
{Oreochromis mosambicus) introduced from
cast coast of South Africa in 1952 for its
high productivity into Keralas inland waters,
became invasive, due to which the native
species such as Pumtius dubius and Labeo
kontius face local extinction. The illegal
introduction of the African catfish Clarias
paricpinus for aquaculture purposes is posing
i threat to the indigenous cat fishes in ouor

FiVETS.

The introduction of the Mile Perch, a
predatory fish into Lake Victoria in East Africa
led to the extinction of an ecologically unique

assembiage of more than 200 nature species
of cichlid fish in the lake.

Global Climate changes

Industrialization is a major contributor
to climate change and a major threat to
bindiversity. Energy drives our industries,
which is provided by burning of fossil fuels.
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This increases the emission of C0O,, a GHG,
leading to climate change. Due o large scale
deforestation, the emitted CO, cannot be
absorbed fully, and its concentration in the
air increases. Climate change increases land
and ocean temperature, changes precipitation
patterns and raises the sea level. This
inturn results in melting of glaciers, water
inundation, less predictability of weather
patterns, exireme weather conditions,
outbreak of squalor diseases, migration of
animals and loss of trees in forest. Thus,
climate change is an imminent danger to the
existing biodiversity (Fig. 12.4).
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E":iﬁ. 124 Links between biodiversity,
imate change and human well - being
Shifting or Jhum  cuoltivation
(Slash-and-burn agriculture)

In shifting collivation, plots of natural
tree vegetation are burnt away and the cleared
patches are farmed for 2-3 seasons, after
which their fertility reduces to a point where
crop production is no longer profitable. The
farmer then sbandons this patch and cuts
down a new patch of forest trees elsewhere
for crop produoction. This system is practiced
in north-eastern regions of India. When vast
areas are cleared and burnt, it results in loss of
forest cover, pollution and discharge of CO,
which in turn attributes to loss of habitat and
climate change which has an impact on the
faunal diversity of that regions.
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Coextinctions

Coextinction of a species is the loss of
a species as 8 consequence of the extinction
of another. (Eg. orchid bees and forest trees
by cross pollination). Extinction of one will
mulomatically cause extinction of the other
Another example for co-exinclion is the
connection between Calvaria tree and the
extinct bird of Mauritius Island, the Dodo. The
Calvaria tree is dependent on the Dedo bind
for completion of its life cycle. The mutualistic
association is that the tough horny endocarp of
the sceds of Calvaria tree are made permeable
by the actions of the large stones in bird's
gizzard and digestive juices therchy facilitating
easier germination. The extinction of the Dodo
bird led to the imminent danger of the Calvaria
tree coextinction.

Intensive agriculture

Spread of agriculture is sometimes at
the cost of wetlands, grasslands and forests.
Intensive agriculiure is based on a few high
yiclding varicties. As a result, there is reduction
in the geoetic diversity: It also increases
vulnerability of the crop plants to sudden attack
by pathogens and pests. There are only few
varicties of traditional paddy strains today due
to use Lo hybrid varictics in Tamil Madu.

12.5.1 Loss of Biodiversity
Species have been evolving and dying out
(extinction) ever since the origin of life. However,
species are now becoming extinct at a faster rate.
This is destabilizing the ecological stability and
the distribution of biological diversity on earth.
Human activitics greatly contribute to the loss of
biodiversity. Matural resources such asland, water
and orgenisms are indiscriminately exploited by
human beings.
According t  the Convention of
Biological Diversity, direct and indirect
human activities have a detrimenial eifect
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on biodiversity. Direct human  activities like
change in local land use, species introduction
or removal, harvesting, pollution and dimate
change contribute & greater pressurc on loss of
demographic, economic, technological, cultural
and religious factors.

Even thoogh pew species are being
discovered, there is littke hope for adding new
species through speciation into the biodiversity
depletion in ozone layer, landslides in hilly states,
pollution are a few indirect cifects of human
activitics which results in the loss biodiversity.
TUCH Red List (2004) documents the extinction
of 784 species in the 500 years.

It is estimated that the current rate of
biodiversity Joss is 100 to 1000 times higher
than the naturally occurring extinction rate and
is still expected o grow in the fiture. This boss
of biodiversity has a immense impact on plant
animal and buman life. The negative effects
mclade dramatic influence on the food weh
Even reduction in ome species can adversely
aifect the entire food chain which further leads
to an overall reduction in biodiversity. Reduced
bindiversity leads to immediate danger for food
security by reducing ecosystem services.

12.5.2 Hotspots

Hotspots are arcas characterized with high
concentration of endemic specics (the organisms
which are exclusively restricied o a given amea)
cxperiencing unusual mapid mie of habital
as “regions that harbour a great diversity of endemic
species and at the same time, have been significantly
impacted and altered by human activities™

A hotspot is a region that supports at least
1500 endemic vascular plant species (0.5% of the
global total) has lost more than 70% of its original
vegetation. There ane 36 biodiversity hotspots
in the world. India is home to four biodiversity
hotspots (as per ENVIS). They are
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a. Himalaya (the entire Indian Himalayan
region)

b. Western Ghats

¢. Indo-Burma: includes entire North-castern
India, except Assam and Andaman group of
Islands (and Myanmar, Thailand, Vietnam,
Lans, Cambodia and Southern China)

d. Sundalands: includes Nicobar group
of Islands {and Indonesia, Malaysia,
Singapore, Brunei, Philippines)

12.5.3 Endangered organisms

A species that has been cateporized as
very likely to become extinct is an Endangered
species. Endangered (EN), as categorized by the
International Union for Conservation of Nature
(IUCN) Red List, is the second most severe
conservation status for wild populations in the
IUCN's scheme after Critically Endangered
(CR).

In 1998 there were1102 animal and 1197
plant species in the TUCN Red List. In 2013,
the list features 3079 animal and 2655 plant
species as endangered {EN) worldwide.

apexfuilva) died on January 1, 2019, at
the age of 14. He was the last snail of his
species, and is emblematic of the loss of

12.5.4 Extinction

Species is considered extinct when none
of its members are alive anywhere in the
world. If individuals of a species remain alive
only in captivity or other human controfled
conditions, the species is said 1o be extinct in
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the wild. In both of these sitnations, the species
would be considered globally extincl. A species
in considered to be locally extinct when it is no
longer found in an area it once inhabited but is
still found clsewhere in the wild

In the 450 million years of life on Earth,
there had been & mass extinctions, which had
eliminated at least 50% of the species of flora
and fauna on the globe.

The extinction of species is mainly
due to drastic environmental changes and
population characteristics.

There are three types of Extinctions

i. Matural extinction: It is a slow process
of replacement of existing species with
better adapted specics due to changes in

environmental conditions, evolutionary

Project Tiger: The Government of India
launched the ‘Project Tiger' in 1973 o
protect our national animal. From 9 tiger
reserves since ils inception, the Project
Tiger coverage has increased to 50 at
present. Project Tiger is an ongoing
Centrally Sponsored Scheme of the
Ministry of Environmenl and Forests,
providing central assistance to the stales
for tiger conservation in designated tiger
reserves. Project Tiger was launched in the
Jim Corbett MNational Park, Uttarakhand
inl973. The project ensures a viable
population of Bengal tigers in their natural
habitats, protecting them from extinction
and preserving arcas of biological
importance as a natural heritage.

The MNational Tiger Conservation
Authority (NTCA) is a statutory body of
the Ministry, created under the wildlife
(Protection) Act, 1972. India holds over
half the world’s tiger population. According
to the latest tiger census report released on
20th January 2015 by NTCA. the current
tiger population is estimated at 2,212,
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changes, predators and diseases. A small
population can gel extincl sooner than the
large population dee Lo inbreeding depression
(less adaptivity and variation).
quite 2 few mass extinctions due o
environmental  calastrophes A mass
extinction oocurred about 225 million years
agoduring the Permian, where 90% of shallow
waler marine invertebrates disappeared.

iii. Anthropogenic extinclion: These are
abetled by human activities like hunting,
habitat destruction, owver exploitation,
urbanization and industrialization. Some
examples of extinctions are Dodo of
Mauritivs and Steller's sea cow of Rossia
Amphibians seem to be al higher risk of
extinction because of habitat destruction.

The most serious aspect of the loss of
biodiversity is the extinction of species. The
onigue information contained in its genetic
material (DNA) and the niche it possesses are
lost forever.

12.6 TUCN

The International Union for Conservation
of Nature (IUFCN) is an organization working in
the field of nature conservation and sustainable
use of natural resources. It was established in
1948 and located at Gland VI, Switzerland. It is
involved in data gathering and analysis research,
field projects and education on conservation,
sustainable development and biodiversity.
IUCN: mission is to infloence, encourage
and assist societies throughoot the world to
conserve nature and to ensure that any use of
natural resources is equitable and ecologically
sustainable. It influences governments and
industries through partnerships by providing
information and advice. The organization
collects, compiles and publishes the IUCN red
list of threatened species and their conservation
status in the world It plays a vital role in the
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implementation of several international
conventions on  nature  conservation  and
biodiversity.
Red Data Book

Red Data book or Red list is a catalogue
of taxa facing risk of extinction. IUCN -
International Union of Conservation of Nature
and Nalural Resources, which is renamed
as WCU - Wordd Conservation Union
{Morges Switzerland) maintains the Red Data
book. The concept of Red list was mooted in
1963, The purpose of preparation of Red List

are:

« To creale awareness on the degree of threat
to bindiversity

« Identification and documentation of species
a1 high risk of extinction

« Provide pglobal index on declining
biodiversity

« Preparing conservation priorities and help
in conservation of action

« Information on international agreements an
conservation of biological diversity
Red list has eight categories of species

i) Extinct i) Extinct in wild i) Cr]l.ica]]':,r

Endangered iv) Endangered v) WVulnerable

vi] Lower risk vii} Data dcfn.‘]r:nqr viii} Not

evaluated.

2.7 Biodiversity and iis
conservation
The natural resources I A
of the Earth, including air. .
water, land, flora and fanna
of natural ecosystems must
be safeguarded for the
benefit of the present and future generations
through careful planning and management,
as appropriate — Principle of the Stockholm
Declaration, 1972.
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The large-scale loss of biodiversity and
ils global impact makes conservation the
need of the hour,

Conservation of bindiversity is protection
and scienmtific management of biodiversity
s0 as lo maintain it at its optimum level and
derive sustainable benefits for the present as
well as [uture generations. It aims to protect
specics from extinction and their habitats and

ccosystems from degradation.
General stralegies in conservation
+ identify and protect all threatened species
« identify and conserve in protected areas
the wild relatives of all the economically
imporiant organisms
« identify and protect critical habitats for
feeding, breeding, nursing, resting of each
SpeCIcs
« air, water and soil should be conserved on
priority basis
« wildlife Protection Act  should be
implemented

There are two aspects of conservation strategies
(Table 12.4).

i} Im-sife conscrvalion
i} Ex-site conservation
12.7.1 In-situ Conservation
(Comservation in lhe natural

habitat}

This is the conservation of genetic
resources through their protection within a
natural or manmade ccosysiem in which they
occur. It is conservation and protection of the
whole ecosystem and its biodiversity at all levels
in order to protect the threatened species.

Maximum protection of biodiversity
hotspots regions with very high kevels of species
richness. Although all the biodiversity hotspots
together cover less than 2 percent of the carth
land area, the number of species they harbour is
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extremely high and protection of these hotspots
could reduce the ongoing mass biodiversity loss.
Protected Areas

These are biogeographical areas where
biological diversity along with natural and
culiural resources is protecied, maintained and
arcasinclude national parks, wild life sancluaries,
community reserves and biosphere reserves.
World Conservation monitoring centre has
recognized 37,000 protected areas world-wide
India has about 771 protected areas covering
tﬂﬂﬂhﬂ‘mmpﬁiiﬂgnfﬂiﬁnnﬂlPﬂIkﬁ{iH!.
Wild Life Sancinaries (544), biosphere reserves
(18) and several sacred groves.
National Parks (NP)

It is a natural habitat that is notified by

the state government to be constituted as a
Mational Park doe to its ecological, faunal, floral,
geomorphobogical, or zoological association of
importance. No human activity is permiited
inside the national park except the activities
permitted by the Chicf Wildlife Warden of the
state under the conditions given in CHAPTER
IV, of the Wildlife Protection Act {(WPA) 1972
(Table 12.2).
Tahle 12.2 National Parks in Tamil Naduo

Mational Parks Yeur of
in Tamil Maden  establishment (%)

Cazlndy NP 1977 Chennal

Gl oof Mlaminar 1986 Ramanathpiram
Marine NP and Tullcorin
Indera Gandhi

( at) NP 1976 Cotmbatore
Mudumalait NP | 1940 Milgiris
Mulkurthi NP 2001 Milgiris

There are 104 existing national parks in
India covering an area of 40,501 km®, which is
1.23% of the geographical area of the country
(Mational Wildlife Daiabase, Aug 2018).
Mational Park is an area which is strictly reserved
for the betterment of wildlife and biodiversity
and where activities like development, forestry,
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poaching, hunting, graring and cultivation are
not permitted.  They are large areas of scenic
and national beauty maintained for scientific
educational and recreational use. They are not
osed for commercial extraction of resources.
Kariranga Mational park is a protected area for
the one Homned Rhinoceros in Assam.

Wild Life Sanctuaries (WLS)

Any area other than the area comprised with
anry reserve forest or the territorial waters can be
notified by the State Government to constitute as
a sanctuary if such area is of adequate ecological,
faumal, floral, geomorphological, natural or
roological significance. This is for the purpose
of protecting, endangered factual species. Some
restricted human activities are allowed inside
the Sanctuary area details of which are given in
CHAPTER. IV, of the Wildlife Protection Act
(WPA} 1972. Ecolourism is permitied, as long as
animal life is undisturbed.

There are 544 existing wildlife sanctuaries in
India covering an area of 118,918 km?, which is
3.62 % of the grographical area of the country
(Mational Wildlife Database, 2017).

Sanctuaries are tracls of land where wild
animals and [auna can take refuge withoot being
hunted or poached. Other activities like collection
of forest products, regulated harvesting of timber,
private ownership of land are permitted. Periyar
wild life sanctuary in Kerala is famous for the
Indian Tiger and Asiatic Flephant (Table 1.3).

Table 12.3 Wild Life Sanctuaries in Tami Nadu
Prominenl WIS Yiewr off

b Tl Nk malebiidnias cicls
Vedanthangal

Lkepidowis | 106 | Chenglpet
Mudumalai WLS 1942 Nilgiris
Paint Calimere i
s 1967 | Nagapattinam
Indira Gandhi

{ Annamalai) 1978 Coimbalore
WLS

Mundanthorai .
WIS 15RE Tiraneheli

Fal] Rloihwersily and (5 Conserestion

e ".‘_'i:'Gl |



—||

| | W e Topbegy Trmeies 131 2ilingls 215

THE MADRAS CROCODILE BANK TRUST

The Madms Crocodile Bank Trust and Centre
for Herpetology was the bmin child of the
legendary Romulus Whitaker and a handful
of like-minded conservation visionaries, who
began work on the facility in 1976 It simed to
The mission is io promote the conservation
of reptiles and amphibians and their habitats
capture breeding. The crocodile bank remains a
world leader in the ficld of frontline conservation
and the preservation of natural landscapes. The
Crocodile Bank currently consists of a large
projecis located throughout the sobcontinent
reaching as far as the Nicobar Islands. About
half a million people visit the bank cvery year,
making il one of the most popular tourist
attractions slong the Eact Coast Road.

Arignar Anna Zoological Park, Vandalor

Biosphere Reserve (BR)

Biosphere Reserve (BR) is an international
designation by UMESCO for representative
parts of natural and cuoltural landscapes
extending over large area of terrestrial or
coastal/ marine ccosystems or a combination
thereof. BRs are designated to deal with the
conservation of biodiversity, cconomic and
social development and maintenance  of
associated cultural values. Biosphere Reserves
are thus special environments for both people
and nature and are living examples of how
human beings and nature can co-exist while
respecling each others needs. The Biosphere
Reserve Programme is guided by UNESCOs
Man and Biosphere (MAB) programme, as
India is a signatory to the landscape approach
supported by MABR programme. The scheme
called Biosphere Reserve was implemented
by the Government of India in 1986. There
are 18 Biosphere Reserves in the country.

of installing CCTV Cameras for both visitors @

Arignar Anna Zoological Park is spread
over an arca of 602 hectares. of Reserve
Forest at Vandalur, Chenmai. It is one of the
largest zoo in South East Asia in terms of
aree. The Zoological Park exhibits different
classes of animals — it has aroond 2500 wild

animals of nearly 180 species which includes

Mammals, Birds and Reptiles. 34 years since
its establishment, the Zoological Park has
emerged as a successful ex-silu conservation
centre and a caplive breeding centre for many
endangered species like Royal Bengal Tiger,
Lion Tailed Macague, Nilgiri Langur, Gray
Woll, elc.,

The Zoo has many attractive features like
Butterfly Park, Childrens Park, Walk Through
Aviary, Lion & Deer Safari, Forest Museum,
Imterpretation centre, etc., which attracts
more than 21 lakh visitors every year The

Zoo has strengthened its protection by means
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and animal management under the name
of Zoo e-Eye. 74 x 7 Animal Live Streaming
was introduced [or the benefit of the visitors
for the first time in the wordd  Vandalur Zoo
Mobile Application was introduced to provide
services to the visitors like facility to book
lickets, Zoo navigation, Animal information
in text and audio format. Digital payments at
ticket counters are also available.

The Zoo school has been  involved
in eduocation and outreach programmes.
One soch  successful  programme s
“Zoo Ambassador’ which & been conducted
for school children. In the year 2018, more
than 400 students were trained and titled as
Zoo Ambassadors. The Zoo also has a Rescue
Centre which accommodates rescued wild
animals and treats them to come oot of stress.
Sowrce: Direcior, Arignar Anna Zoological
Park, Vandalur, Chennai
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Agasthyamalai (Karnataka - Tamil Nadu -
Kerala), Nilgiri (Tamil Nadua - Kerala), Gulf of
Mannar {Tamil Nadu) are the BRs notified in
Tamil Nadu.

Sacred Groves

A sacred grove or sacred woods are any
grove of trees that are of special religious
importance to a particular culture. Sacred
groves feature in various cultnmes throughout the
world. The examples of sacred groves are Alagar
Hills in Tamil Nadu, Khasi and [aintia Hills in
Meghalaya and Aravalli Hills of Rajasthan.

12.7.2 Ex-5rfu Conservation

It is conservation of selected rare plants/
animals in places outside their natural homes. It
includes offsite collections and gene banks.

Offsite Collections

They are live collections of wild and
domesticated species in Botanical gardens,
Foological parks, Wildlife safari parks, Arborata
{gardens with trees and shrubs). The organisms
are well maintained for captive breeding
programmes. As a result, many animals which
hawe become extinct in the world continue to be
maintained in Zoological Parks. As the number
increases in captive breeding, the individuals
arc selectively released in the wild. In this way
the Indian crocodile and gangetic dolphin have
been saved from extinction.

Gene Banks

Gene banks are a type of hiorcpository
which preserve genetic materials. Seeds of
different genetic  strains of commercially
important plants can be stored in long perinds
in seed banks, gametes of threatened species can
be preserved in viable and fertile condition for
long periods using cryopreservation techniques.

However, it is not economically feasible
o conserve all biological wealth and all the
ecosystems. The number of species required
to be saved from extinction far exceeds the
conservation efforts.
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Table 12.4 Difference between Insife and
Exsiin Conscrvalion

It is the on-site
conservation or the  |strategy which
conservation of genetic | imvolves placing of
resources in natural threatened animals
populations of plant or |and plants in special

animal species. care locations for
their protection.

It is the process It helps in recovering

of prolecting an populations or

animal species in its extinction under

natural habitat, either by | simuolated conditions
profecting or restoring | that closely resemble
the habitat itself, orby | their natural habitats.
defending the species

from predators.

Mational Parks, Zoological parks and
Biosphere Reserve, Botanical gardens
Wild Life Sanctuaries |are common exsiiu
form insitu conservation

conservation strategies. | programs.

12.7.3 Role of WWF and CITES

World Wild Fund for Nature (WWF) is
an international non-governmental charitable
trust founded in 1961, with headguarters at
Gland, Vaod, Switzerland. It aims at wildness
preservation and the reduction of homan impact
on the environment. It was formerly named the
World Wildlife Fund. The living planct report is
being published every two years by WWF since
1008,

The vision of WWF is to conserve nature and
reduce the most pressing threats o the diversity
of life on Earth by conserving the world's most
ecologically important regions, protect and
restore species and their habitats, strengthen
local communities’ ability to conserve the natural
resources they depend upon and to ensure that
the value of nature is reflected in decision made
by individuals, communities, governments and

businesses.
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CITES

The Convention on International Trade
in Endangered Species (CITES) of wild fauna
and flora, also known as the Washingion
Convention, is a multilateral treaty to protect
cndangered plants and animals. It was drafted from
a resolution adopled from & meeting of members
of the TUCN in 1963 and opened for signatare in
1973, It came into force during July 1975.

FOOLOGICAL SURVEY OF INDIA
'The Zoological Survey of India (ZSI)
was ¢stablished in 1916 to promote survey,
exploration and rescarch leading 1o the
advancement in our knowledge of various
aspects of biodiversity of our country.

The objectives of £51 are:

+ Exploration, Survey, Inventorying and
Monitoring of faunal diversity in various
states, ecosystems and protected areas of
India

« Periodic review of the status of
threatened and endemic species.

« Preparation of Red Data Book and
Fauna of India.

« Biological studies om  selected
important species.

« Maintenance and Development of

It aims to ensure that international trade in
specimens of wild animals and plants should mot
be & threat to the survival of the species in the
wild. It accords varying degrees of projection to
muore than 35,0000 species of animats and plants:

12.8 Restoration of Degraded
Habitats

Biodiversity conservation through eco
development - an Indian case study

The Forestry Research Education and
Extension Project FREEP (A World Bank
Initiative) in Indiz is employing a strategy called
‘oodevelopment” which enlists local communities
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in the preservation of biodiversity. The strategy
imvolves developing alternate resources and sources
of income for those who depend on the protected
natural habitat (forest) for their livelihood.

FREEP is conducting pilot
ccodevelopment programmes in the Kalakad-
Mundanthurai Tiger Reserve (KMTR) in Tamil
MNadu. The reserve contains a unigue and varied
array of flora ranging from thom and dry
teak o tropical evergreen, and supports a rich
variety of birds and mammals, including tigers,
leopards and elephants. The last tiger refuge in
Tamil Nadu, the KM TR is one of 50 sites covered
under the Indian Government’s Project Tiger, a
programme receiving international assistance
to enhance tiger habitat.

CONVENTION ON BIOLOGICAL
DIVERSITY (CBD)

The United Nations convention on
Biological Diversity, known as CED in
short, was signed by India and 172 other
nations on December 29, 1993, The CBD

considers “appropriale access o penetic
resources.” The treaty also takes into account
the “fair and equitshle sharing” of benefits

Owver 100 villages are now participating
in the KMTR project. Communities and
individual farmers have planted fuclwood and
fodder plantations. Some villagers have installed
cow dung-based gas plants for home foel needs
and arc using focl-saving pressure cookers and
more efficient wood-burning stoves (smokeless
chulas). Loans for a wide array of alternative
income-gencrating activities such as dairy and
poultry farming. tailoring, coconut keaf weaving,
and setting up tea and dry goods shops are made
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availahle. Thus, the eco-development programme
al the KMTR is rapidly coming o be seen as a
maodel for conserving biodiversity through local
participation.

12.9 Bio Diversity Act (BDA)

The Convention on Biological Diversity
{CBDY) is a United Mations initiative to protect
Biodiversity and encourage the sustainable
use of natural resources. The convention was
held in 1992 at the "Earth Summit’ in Brazil
India is a signatory of the CBD. The Biological
Driversity Act, 2002 is an Act of the Parliament
of India for preservaiion of biological
diversity in India, and provides mechanism
for equitable sharing of benefits arising out
of the use of traditional biological resources
and knowledge. The Act was enacted to meet
the obligations under Convention on Biological
Diiversity ((BY), to which India is a party.

The National Biodiversity Authority (NBA)
was established by the Central Government in
2003 to implement India’s Biological Diversity
Act (2002). The NBA is a Statutory Body and
it performs facilitative, regulatory and advisory
functions for the Government of India on issues
of conservation, sustainable wse of biological
respurces and fair and equoitable sharing of
benefits arising out of the use of biological
resources. The Headguarters of the NBA is
situated in Chennai.

Fresh  water, wildlife, food and
climate are things which are not just “Nice
to have’ ... they are ‘Need to have’. These
are things indispensable for the survival of
muankind..... logether, we can protect LIFE
on our planef - including our own

Summary

Biodiversity is the variety of all life on Earth,
encompassing  genclic, specics and ecosyslem
diversity. Todays biodiversity is the fruit of
billions of years of evolation, shaped by natural
processes and, increasingly, by the infleence of
humans. Ti date, about two million species hawe
been identified on Earth

Biodiversity supplics a large number of goods
and services that sustain human life, including
the provision of food, foel and building materials;
purification of air and water; stabilization and
moderation of the earth’s climate; moderation of
foods, drowghts, temperature extremes and wind
forces; generation and renewal of soil health;
maintenance of genetic resources as inputs to
crop varieties and livestock breeds, medicines,
and other products; and cuoltural, recreational
and acsthetic benefits.

Over the past few hundred years,
biodiversity has faced major challenges,
inclading a growing demand for biological
resources caused by popolation  growth
and increased consumption. This increased
exploitation of biological resources has resulted
in the loss of species at levels currently estimated
to be 100 times faster than the natural rate of
loss prior to significant human intervention.
Though many species were lost and new ones
formed, it is likely we will lose all this natural
wealth in less than two centuries, if the present
rate of biodiversity losses persist

The biodiversity and its conscrvation is
the important global issue of international
concern.  Recognition of this problem  has
made scientists and policy makers to work and
develop mechanisms to document, conserve
and sustainzhly use biondiversity:

The younger generation should be made
to realize the critical state of bindiversity today
and volunteer 1o protect and conserve it, so as

to enable the future generations get to enjoy the
benefits of Mature.
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Evaluation
L.

Which of the following
regio 0 has maximum

-l s
H9BML
biodiversity
a) Taiga

D

¢) Temperate rain forest

d) Mangroves

Conservation of biodiversity within their
natural habitat is

@)  Imsilu conservalion

b}  Exsifu conservation

<) In vivo conservation

d} Imwitro conservation

Which one of the following is not coming
ander insitu conservation

a) Sanctuaries b} Natural parks

c) Foological park d) Biosphere reserve
Which of the following &= considered a
hotspots of biodiversity in India

a) Western ghats b} Indo-gangetic plain
c) Eastern Himalayas d) A and C

The organiration which poblished the red
list of species is

a) WWF |:I} UM ch7Fsl Jd) UNEP
Who introduced the term biodiversity?

a) Edward Wilson b) Walter Rosen

c) Norman Myers d) Alice Morman

Which of the following forests is known as
the lungs of the planet earth?

a) Tundra forest

b} Rain forest of north east India

c) Taiga forest

d) Amaron rain forest

Which one of the following are at high risk
extinction due to habital destruction

a) Mammals b) Birds

<) Amphibians d) Echinoderms

. Assertion: The Environmentlal conditions

aof the tropics are favourable for
speciation and  diversity of organisms.
Reason: The climate seasons, temperature,
homidity and photoperiod are more or less
stable and congenial
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10

1L

I3

4.

I5.
Ia.

17

9.

2.

2.

a) Both Assertion and Reasonare trucand
Reason explains Assertion correctly.

b} Both Assertion and Reason are true but
Reason is not the correct explanation of
Assertion.

c) Assertion is true , but Reason is false.

d) Both Assertion and Reason are false.

Define the following,
a. Species richniess.
b. Endemism.

How many hotspots are there in Imdia?
Mame them.

What are the three levels of biodiversity?
Mame the active chemical found in the
medicinal plant Rauwoifta vomitoria. What
type of diversity it belongs 10?

“Amazon forest is considered to be the longs
of the planct™ justify this statement.
What is Red data book? Mention it purposes.
Compare and Contrast the insitu and exsitu
Conscrvation.

What are called endangered species?
Why do we find a decrease in biodiversity
distribution, if we move from the tropics
towards the poles?

What are the factors that drive habitat loss?
Alien species invasion is a threat to endemic
species — substantiate this statement
Mention the major threats 1o biodiversity
caused by human activitics. Explain.

22. What is mass extinction? Will you encounter

235

24

25,

26.

one such extinction in the near future.
Enumerate the steps to be taken to prevent it.

In north eastern states, the jhum cultivation
isa major threat to biodiversity — substantiate
the statement.

List out the various causes for biodiversity
losses.

How can we contribute © promote
bindiversity conservation?

Write a oot on i) Protected areas,
i) Wild life sanctuaries, iii) WWF

e ".&':l |



|| —TT T @ T ||

Concept Map
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of biodiversity
Threats to Paliermns of
biodiversity biodiversity
Magnitude
Causes of agﬂf
biodiversity biodiversity
loss
Hotspots
Loss of
bicdiversity
Level of
bicdiversity
& Endangered &
organisms
Concepts of
biodiversity

Exdinction
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BIO DIVERSITY AND ITS CONSERVATION

Let us go oul for an virtual exhibition, |
| to know about 30 endanpered animals.

Proceduare ¢

Step -1: Type the URL or scan the QR code to open the activity page Click “Explore the
cxhibition™ to start the exhibition.

Step -2: Find the species name below the iigure (Ex: Helmeted Hornbill). Find a grey dot right
next o the name. Click the same o know about its extinction.

Step -3: Click "<" on the left top of this page to play a video about the same species. Click *x™ to
run to the homepage.

Step — 4 : On the lefi * top first™ option to load all the species. Middle square in a circle is for slide

@ show of all the species. @

Step -5: On the right of the page, find * and down batton to move on from one to the next.

e e T e e e e e
BIO DIVERSITY AND ITS CONSERVATION URL:

hitp:/fwww.specles-in-pleces.com/

* Moleres are indicative oaly
* Allow Bash player

DNdvirsity 2nd s Comsereslion i
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UNIT-V

131 Pollution

132 Air Pollution
133 Water Pollution
134 MNotse Pollutton

135 Agrochemicals
13.6 Blomagnification
13.7 Eutrophication
® 138 Organic Farming and its

139 Sohd Waste Management
13.10 Ecosan Tollets

Environmental
iIssues

(@) Learning Objectives

« (zain kmowlodpe mhowd owr environment and its

mporiance,

« el to know abour the effects and after effects off
hnnm-l-:l.u-'i:smcﬁldr m:uplﬂ.:
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Environmenl is my prime teacher
- Masarmaby Fukuaoka

clean environmenl is very necessary
o live a peaceful and healthy life. But
our environment is getting dirty day by day
because of oor negligence. Earth is currently
facing a lot of environmental concerns like air
pollution, water pollution, and noise pollution,
global warming. acid rain, biomagnification,
eutrophication, deforestation, waste disposal,
orone layer depletion and climate change.
Ower the last few decades, the exploitation of
our planet and degradation of sur environment
have gone up at an alarming rate. As our
actions have not been in favour of protecting
this planet, we have seen natural disasters
striking us more often in the form of Hash
flonds, tsunami and cyclones.
“Every individual shouldbeenvironmentally
aware, regardless of whether they work with

environmenlal issues or not”

13.1 Pollution

Pollution is any undesirable change in the
besical. chemical and hiolosical o i
of the environment due to natural causes and
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classified acoording to the types of environment
that is affected. They are mainly air, water and
s0il pollution.

13.1.1 Classification of Pollutants

In terms of eco-system, pollutants can
be classified into two basic groups - Non-
degradableand degradable. Based onthetime
taken to breakdown into their ingredients,
degradable pollutants are classified as rapidly
degradable (non-persistent) and slowly
degradable {persistent).

a) Rapidly degradable or non-persistent
pollatants: These can be broken down by
natural processes. Domestic sewage and
vegelable waste are examples of such pollutants.

b) Slowly degradable or persisient
pollutants: These are pollutants that remain
in the environment for many years im an
unchanged condition and take decades or
longer 1o degrade, as in the case of DDT.

¢} MNon-degradable pollutants: These
cannol be degraded by natural processes.
Omnce they are released into the environment,
they are difficult to be eliminated and

| | 3 B Topkeogy Trmesins 15 Ehilingl 2000
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continue to accumulate (biomagnification).
Toxic elements like lead, mercury, cadminm,
chromium and mickel are such common
pollutants.

13.2 Air Pollution

Earth is surrounded by a gaseous envelope
which is called atmosphere. The gascous
blanket of the atmosphere acts as a thermal
insulator and regulates the temperature of
the earth by selectively absorbing The UV
rays of solar radiation. The adverse effects
of pollution include depletion of Ozone
by Chlorofluorocarbons or CFCs, used as
refrigerants and global warming by elevated
CO, (industries, deforestation, and partial
combustion)

The alterations or changes in the composition
of the earths atmosphere by natural or human
activitics (anthropogenic factors) are referred as
Air Pollution. Pollutants include the abundant
presence of solid, liquid or gaseous substances
produced by human or natural activity. The
nature and conceotration of a pollotant
determines the severity of detrimental effects
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on organisms and homan health. Along with
atmospheric factors (humidity, precipitation,
wind, air currents, altitude) prevailing at a place
and time, its effects can be far reaching and
catastrophic.

Air pollutants can be

» discharge of dusts or particolate matter
(PM - 2.5 um)

» discharge of gases (50, NO, CO, CO.)

Carbon monoxide (COY) is produced mainky
due o incomplete combustion of fossil fuels.
Auntomobiles are major causes of CO pollution
in large cities and towns Automobile exhansts,
fumes from factorics, emission from power
plants, orest fires and burning of fire-wood
contribute 1o CO pollution.

With rapid urbanization, major amount of
carbon dioxide and sulphur dioxide (S0,) is
released in the atmosphere. From antomobiles,
acroplanes. power plants and other human
activities that involving the burning of fossil
fuels {(coal, oil etc.,) COy, is the main pollutant
that is leading to global warming.

Mitrogen oxides are also major air
pollutants.  Fossil foel combostion and
automobiles exhausts are the source of
nitrogen oxides. Sulphur dioxide and nitrogen
oxides are the major causes of acid rain.

Particulate malters are limy particles of
solid matter suspended in a gas or liguid
Combustion of fossil fuels, fly ash produced
in thermal power plants, forest fires, asbeslos
mining units, cement factorics are the main
sources of particulate matter pollution.

13.2.1 Sources

The main sources of air pollution (Fig 13.1) are:
« Transporl sources—cars, buses, arplanes,
trucks, trains

« Stationary sources — power plants
meinarators, ol refinenes.  mdustnal
facilifies, and factones
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» Area sources — agncultural - wood /
stubble burning, fireplaces

« Natural sources — wind-blown dust,
wildfires, volcanoes.

13.2.2 Effects of Air Pollution

« Affects all organisms as they depend on the
atmosphere for respiration.

« Canses irritation in the throat, nose, lungs
and eyes. It causes breathing problems and

aggravates existing health conditions such
as emphysema and asthma.

+ Contaminated air reduces the body's
defense mechanism and decreases the
body’s capacity to fight other infections
in the respiratory system.

« Frequent exposure to polluted air increases
the risk of cardiovascular discases.
Breathing air that is fAlled with fine
particulate matter can induce hardening of
the arteries, triggering cardiac arrhythmia
or even a heart attack.

« People who exercise ouldoors can
somelimes be susceptible to adverse elfects
of air pollution because it involves deeper
and faster breathing. Hence it is advisable to
walk or jog in the mornings in places with
ample tree cover.

« Gas leaks can be lethal or affect the quality
of air in the affected area.

« CO in the atmosphere interferes with 0,
transport since haemoglobin has greater
affinity for carbon monoxide. At low
concentration it causes headache and

blurred vision. In higher concentration, it
can lead to coma and death.

*  Sameer, an App provides

™ hourly updates on the
- Nattonal Alr Quality Index

(AQ) published by CPCEB.

| Envionaenial Esues
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13.2.3 Other notable effects of Air
Pollution

Smog is a type of air pollation cansed by tiny
particles in the air The word comes from a
mixture of the wonds smoke and fog .

Today, smog generally refersto pholochemical
smog, which is created when sunlight reacts
with nitrogen oxides and wolatile organic
compounds found in fossil foel emissions
from sutomohbiles, factories, and power plants.
These reactions create ground-level ozone and
particulate matter, reducing visibility. Smog can
make breathing more diticult, especially for
people with asthma

Smog also affects plants and animals. It
damages crops as well as canses health problems
in pets, farm animals and human beings. Smog
has also been known to cause corrosive damage
to buildings and vehicles.

Peroxyacetyl nitrate (PAN) is a secondary
pollutant present in photochemical smog. It
is thermally unstzble and decomposes into
peroxyethanol radicals and nitrogen dicxide
gas causing eye oritation.

Global warming: Increase im the
concentrations of greenhouse gases such as
C0,, methane, nitrous oxide, CFCs, and ozone
causes greenhouse effect, warming of the earth,
resulting in sea level rise, submerging of islands
and sea shores of various parts of the world.

Ozone  depletion:  Thinning of the
stratospheric orone layer is known as ozone
depletion. Sach depletion canses the ‘ozone hole]
resulting in poor screening of the harmful OV
rays and increase in incidences of skin cancer
Some of the common agents that deplete ozone
are CFCs.

Acid rain: Acid rain is a form of precipitation
that contains acidic components, such as
sulphuric acid or nitric acid. It damages trees,
crops and harms marine animals (coral reefs)

and induces corrosion.

13.2.4 Control of Air Pollution
Certain measures help to remowe pollutants,
reduce their presence or prevent their entry into
the atmiosphere.
« Trees are the best remedy for urban
particulate and gaseous pollution
« Forests acl as carbon sinks and lungs of
the planet
« Catalytic converters in wehicles help to
reduce polluting gases drastically
« Diesel exhaust filters in automobiles cuts
particulates
+ Electrostatic precipitators reduce release
of industrial pollutants.
« Cost eflective air pollotion treatment
sysiems like indoor plants and high

performance  biofilters can  improve
indoor air quality.

The Tsj Mahal, 2 UNESCO world
heritage site, is facing deterioration and
damage by industrial gases due to several
industrial units around Agra. The white
marble has decolorized to yellow.

13.2.5 Legal Protection

« The Air (Prevention and Contmol of
Pollution) Act was enacted in 1981 and
amended in 1987 for the prevention,
control and abatement of Air pollution in
India.

+« Trafhic Fmissions  Standards: The
Government has decided to enforce Bharat
Stage V1 norms {rom 2020.

+ The Green Bench and the National Green
Tribunal (NGT) give judicial safeguard to
environmental protection.

Steps taken by the Central and the State

governments in India:

+ Road traffic rationing, encourage public
transport, carpooling

e ".!'."_"El |
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» Increase green cover alongside roads
{planting avenue trees)

« Promoling Swachh Bharat Abhiyan

« Enactment and Enforcement of stricter
environmental laws

» Maintenance of air standards by proper
enforcement and monitoring

r  Average human
@ ™ consumption of Oxygen
- : per day = 550 L

' Cost of 2.75 L. Oxygen
cylinder = 1 6500

Cost of 550 L of oxygen [rom tree
= ¥ 13,00,000

Oxygen production by one healthy
tree per year =1,00,375 L.

Cost of 275 L oxygen cylinder
=T 6500

Cost of 1,00,375 L of oxygen from one
tree fyear = 1 23,72,50,000

« Reducing carbon emissions

» Encourage use of renewable energy

« Limiting the sale of firecrackers and
developing eco-friendly crackers

« Make Environmental Impact Assessment

mandatory
Air Quality Index (AQI) is 2 number used
by government agencies o communicaie to the
public how polluted the air is at a given time.

Unhealthy for Seasitive Groaps| |
151-200 | Unhealthy
101-300 | Very Unheaithy
301+ |Hazardous
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13.3 Water Pollution

13.3.1 Quality of Water

Water is essential for life and for the health of
the environment. As a valuable natural resource,
it comprises marine, estuarine, freshwater
(river and lakes} and groundwater environments
that stretch across coastal and inland ameas.
Water has twn dimensions that are chosely linked:
quantity and quality. Water quality is commaonly
defmed by its phiysical, chemical, biological and
aesthetic (appearance and smell) characteristics.
A healthy environment is one in which the water
quality supports a rich and varied community of
organisms and protects pablic heatth.

13.3.2 Water Pollution

Water pollution occurs when there is a
change in the chemical, physical or biological
quality of water that has harmiul effect(s) on
living organisms that consume it or live in it

Water pollution adversely affects water
bodies due to the large amounts of natural
or man-made materials let into it When it
becomes unfit for its intended use, water is

considered polluted.

13.3.3 Sources of Water Pollution

Even though water bodies or sources can be
polluted by natural canses, water pollution is
nsually caused by human activities. There are
three main types of sources: point sources,
mon-point sources, leaks and spills.

Point sources: Diischarge of pollutants at
specific locations through pipelines or sewers
into the water body. Factory effluents, sewage,
underground mines, oil wells, oil tankers
and agricoltore are common poinl sources
(Fig. 13.2 a).

Nono-point sources: Sources Lhat cannol be
traced to a single site of discharge like acid
rain, dumping of the plastics in water bodies,
agriculture chemical run off are common
examples (Fig. 13.2 b).

5 Envionaenial Esues
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Fig 13.2 Sources of water pollution

Leaks and Spills: This occors mostly due to
ship collision, off shore oil rigs. oil keakages
and discharges into sea (Fig. 13.2 c).

Sources of water pollution can also be classified
in three ways They are municipal wastes,
industrial wastes, and agricultural wastes.

Sources of waler pollntion

| Municipal Indusirial Agriculin ﬁ1
| wasles wasles wastes |

1. Municipal waste water is from homes and
commercial establishments.

2. Industrial discharge (effluents) may
contain varietics of compounds such
as heavy metals {cadmium, chromiuom,
lead). and organic / inorganic chemicals

Erronment! Bsues. 2
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containing wasle waler, sometimes in booxic
concentrations. These discharges can affect
temperatures of the water bodies as well as
dissolved oxygen level.

3. Agricultural wastes include fertiliser and
pesticide runoff from agricultural felds,
food processing waste, tree and saw dust
from logging operations and bacteria from
sewage of livestock operations.

Water pollutants reach water bodies like
rivers, sireams and the manme system by
precipitation, run-off and the groundwater by
seCpage o percolation.

13.3.4 Etfect of Water pollution on

Ecosystems

[. Destruction of ecosystems: Ecosystems,
especially agquatic systems, can be zeverely
affected or destroyed by water pollution.

Water pollutants affect existing niches and
habitats and the survival of organisms. Soil
fertility is alfected and the system becomes
uninhahitable.

2. Disruption of food-chains: Water
pollution disrupts the natural food chains
as well as food webs. Pollutants swch as
lead and cadminm are taken up by primary
consumers where they can be lethal or
get stored. Later, when these animals are
consumed by secondary consumers, the
food chain can get disrupted at any trophic
level or resull in enhanced concentration
of these pollutants (biomagnification). Hot
water from industries when released into
the waler bodies alfects aquatic density and
diversity.

13.3.5. Effect of Water pollution on
Organisms

I. Waler pollution can be lethal o aguatic
organisms and others that depend on these
water bodies.

Accidental oil spills from tanker ships can canse

substantial environmental damage. il spreads

on the water surface, prevents the entry of light

and oxygen into the water. This increases BOD

and COD, resulting in mass death of organisms
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and degradation of water quality. It also clogs

fish gills and the feathers of aquatic birds.

On January 28, 2017, two cargo ships
collided oif the Ennore coast in Chennai

causing oil to spill into the sea. Due to wave
action and the southern current, the spill
spread over 1o 34 km down south affecting
the oil shadge. It took more than a thousand
volunteers o clean the oil shedge.

2. Humans and other organisms can get

affected by diseases such as hepatitis and
typhoid by consaoming contaminated
water and food. Excess of fluoride in
drinking water canses {luorosis. In many
poor nations, outbreak of water borne
diseases and epidemics are a result of
contaminated water and poor or absence
of water treatment processes.

. Water pollution can cause eutrophication
due to nutrient enrichment. This canses
algal blooms which affect the quality

of water bodies (Fig. 13.3). Red tides, if
occar, can be lethal to aquatic organisms.

Fig. 13.3 Algal bloom

13.3.6 Control Measures

1.

Right to clean water is a fundamental
right under the Indian Constilution
{Article 21).

. Water (Prevention and Control of

Pollution) Act, 1974, sections 17 to 40
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prohibit the pollution of a stream or well
by disposal of polluting matter.

. The Central/State Pollution Control

Boards have the power to advise the
central/state  government on  various
matters concerned with the prevention
and control of pollution of water.

. The Ministry of Environment, Forest and

Climate Change (MoEFCC) is the nodal
agency of the Central Government for
the planning, promotion, co-ordination
and for overseeing the implementation
of Indias environmental and forestry

policics and programmes.

. Mational river conservation plan (NRCF)

was cnacted in 1995 to improve the water
quality of the rivers, which are the major
fresh water resources in our country. This
important assignment taken up under the
MRCP includes,

To capture the raw sewage Howing into the
river through open drains and divert them

for treatment.

Selting up sewage irealment plants for
treating the diverted sewage.

Constrection of low cost sanitation toilets
lo prevent open defecation on river banks.

Prevention
» Regulate or control of pollotant(s)

discharge at the point of generation.

« Wastewaler can be pretreated by scientific

methods before discharge to municipal

Ireatment sources.

« Seiting wp of Sewage Treatment Plants

(STP) and Efluent Treatment Plants (ETP).

« Regulate or restrict the use of synthetic

fertilisers and pesticides.

+ Public awareness and peoples’ involvement

is cssential.

.l Envionaenial Esues
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Assessment by CPCB

The number of polluted streiches in
Indias rivers has increased to 351 from
302 {in 2006), and the number of critically
polluted stretches — where water quality
indicators are the poorest — has gone
up to 45 from 35 {(Sowrce: The Hindo,
17 September, 2018}

Case study

MNamami Gange (Nalional Mission
for Clean Ganga) Programme is an
Integrated Conservation Mission approved
as the ‘Flagship Programme’ of the Union
Government in June 2014 with a budget
outlay of 20,000 crores to accomplish the
twin objectives of effective abalement of
pollution, conservation and rejuvenation of

River Ganga.

13.4 Noise Pollution

Sound that is unwanted and undesirable
or can disrupts ones quality of life is called
as Noise. When there is lot of ‘noise’ in
the environment, it is termed as Noise
Pollution. The intensily of noise is meanred
in decibels (dB).

13.4.1 Sources of Noise Pollution

Y¥ehicle engines, air homns, audio video
sysiems, trains, low flying aircrafis, factory
machines, sirens, motors, drillers and
crushers, compressor machines, crackers,
explosives, modern supersonic transports are
the common sources of noise pollution.

The threshold of pain is sbout 120 dh
World Health Organization has proposed that
noise must be recognized as a major threat to
human well-being. This is applicable for all
living organisms.

13.4.2 Effect of Noise Pollution

« According to the USEPA {United States
Environmental Protection Agency) there
are direct links between noise and health.
Heart disease, high blood pressure, stress
related illness, sleep disruption, hearing
loss (deafness), and productivity loss are
the problems related to noise pollution.

+ Increased stress and tension, nervousness,
irritability, anxiety, depression and panic
attacks.

« Peptic uwlcer, severe head ache,
memory loss.

« Marine animals are affected by noise
pollution from offshore activitics and pont
activities.

« Fire crackers frighten animals. Birds are
often affected by increased air tratfic.

13.4.3 Control

« Planting trees in and around noise sources
is an effective solution for noise pollution
as plants are known to absorb noise and
bring down sound lewels.

+ Regular servicing and tuning of
automobile engines can effectively reduce
noise pollution by vehicles and machinery.

« Workers shoold be provided with ear plugs
and carmuffs at work sites that generate
high noise lewvels.

« Lubrication of machinery and regular
servicing minimizes noise levels.

+ Regolations should be imposed 1o restrict
the usage of loudspeakers in crowded
areas and public places.

13.4.4 Legal Protection

Article 48-A and Article 51-A of the
Constitution of India, Noise Pollution
(Regulation and Control) Rules 2000, and
Tamil Nado State Environment Policy
2017 are some of the legal relief from noise
pollution.
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According to Moise Pollution (Regulation
and Control) Rules. 2000, the permissible
limit of noise in areas calegorized as
commercial is 65 decibels (dB) during day
and 55 dB during night.

13.5 Agrochemicals

Chemicals which are used in agricalture for
growth of plants and pest control are called
agrochemicals or agrichemicals.

Orveruse of agrochemicals have been observed
o geoerale residoes thal canse nutrient

imbalance, and

« May kill beneficial bacteria and soil
Organisms.

« Can cause cutrophication in water bodies.

Affectaguatic animals and their productivity:

« Pesticide containing water, even in trace
quantitics is unfit for human consumption.

« Particles {aerosols) and residues of these
chemicals canse air pollution.

I. Mosquito Repellents
DEET (n-n-diethylnetatoleamide)
and allethrin used in mosquito coils
may cause ilching, barning, tingling
sensation or numbness.

2. Colony collapse syndrome in Honey
bees due to pesticides/herbicides can
lead to destruction of hives and lower

agriculiural productivity. IRemember
bees are Nature's best pollinators!!
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+ Inhalation of contaminated zir can canse
respiratory problems.

+ Consumption can lead to poisoning, side
elfects and after effects.

+» Chemicals can cause skin rashes and
irritation of eyes.

« Many of these chemicals are reported 1o be
Ccarcinogenic.

« They can trigger hormonal disorders and

neuroloxicity.

+ Benehcial insects and animals can be
atfected.

13.6 Biomagnification

Food chains are components of all
ecosystems. Producers and consumers form
trophic levels in a chain through which
energy flow is carried out by the process of
eating and being caten. Usage, storage and
transformation of food and biomolecules
by metabolism are a normal process.
Degradation or breakdown is an essential
part of any food chain and hence all naturally
occurring substances are degradable.

2 Ppm
0.5 pp=rn

N0 =emn

Lo

Fig. 13.4 Biomagnification
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Biomagnification of DDT

When non-degradable substances enter the food
chain, they do not get metabolized or broken
down or expelled and instead get transferred up
the tropic levels of the food chain. During this
process, they show an increase in concentration
which is referred to as biomagmification. This
results in increased toxicity and may cven be
lethal. This phenomenon is well established for
mercury and DT, Fipare 13.4 schematically
shows biomagnification of DDT in an aguatic
food chain where the concentration of DT is
enhanced at successive trophic levels.

13.7 Eutrophication E;m
When run-off from land EFI“

conlaining nuirients reaches
water bodies like lakes, it —
results in dense growth of E-
plant life. This phenomenon
is called Entrophication. Matural aging of
lakes also leads o nutrient enrichment of its
waler. In a lake, the water is cold and dear
{(oligotrophic stage), supporting litthe life. With
lime, streams draining into the lake introduce
nutrients such as nitrates and phosphates, which
encourage the growth of aquatic organisms.
Aquatic plants and animal life grow rapidly, and
organic remains begin to be deposited on the
lake bottom (mesotrophic stage) (Fig. 13.5).
Pollatants from anthropogenic activities
like efilents from the indostries and homes

IJ'll_iu!ranlll nfanps
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can radically accelerate the aging process.
This phenomenon is known as Coltoral or

Nutrients stimulate the growth of algae, water
hyacinth and can cause clogging of canals, rivers
and lakes as well as, displacing native plants. It
causes unsightly foam and unpleasant odours,
and deprives the water of dissolved ooygen.

13.7.1 Integrated Wastewaler
Management

Wastewater Treatment

Wastewaler or sewage originates from
domestic waste waters, industrial wastes and
animal wastes. Realizing the importance
of clean potable water, the Government
passed the Water (Prevention and Control
of Pollution) Act in 1974, which made it
mandatory to treat wastewater in treatment
plants. The main objective of a wastewater
ireatmenl process is to reduce organic and
inorganic components in wastewater to a level
that it no longer supports microbial growth
and to eliminate other potentially toxic
materials. Microorganisms mainly bacteria
and some protozoa play an essential part in
the treatment of sewage to make it harmless.
Sewage contains pathogenic bacteria. These
bacteria must be destroyed in order to prevent
the spread of discases. Sewage treatment is
usually performed in the following three
stages (Fig. 13.6).

Eulrugplilc alagr

Fig. 13.5 Stapges of Entrophication
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Fig. 13.6 Sewage treatmenl process

Primary trealment

Primary treatment imvolves the physical
removal of solid and particulate organic and
inorganic materials from the sewage through
hltration and sedimentation. Floating debris
is removed by sequential Gltration. Then the
grit (soil and small pebbles) are removed by
sedimentation. All solids that settle form the
primary slsdge and the supernatant forms the
cifluent. The effluent from the primary settling
tank is taken for secondary treatment.

Secondary trealmenl or bieclogical
lrealment

The primary cifluent is passed into large
acration tanks where it is constantly agitated
mechanically and air is pumped into it This
allows vigorous growth of useful aerobic
microbes into  floc (masses of baclenia
associated with fangal filaments o form mesh
like structures). While growing. these microbes
consume the major part of the organic matter in
the effluent. This significantly reduces the BOD
{Biochemical oxygen demand or Biological
oxygen demand). BOD refers o the amount
of the oxygen that would be consumed, if all
the organic matter in one litre of water were
oxidized by bacteria. The sewage water is treated
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till the BOD is reduced. The greater the BOD of
the waste water more is its polluting potential.
Omnce the BOIY of sewage water is redoced
significantly, the cHloent is then passed into
a settling tank where the bacterial “flocs™ are
allowed to sediment. This sediment is called
activated sludge. A small part of activated
sludge is pumped back into the aeration tank
to serve as the inoculum. The remaining major
part of the sludge is pumped into large tanks
called anaerobic sludge digesters. Here, the
bacteria which grow anaerobically, digest the
bacteria and the fungi in the shodge. During this
digestion, bacteria produce a mixture of gases
such as methane, hydrogen sulphide and CO,.
These gases form biogas and can be used as a

source of energy.

Tertiary trealment

Tertiary treatment is the fnal process
that improves the quality of the waste water
before it is reused, recycled or released into
natural water bodies. This treatment removes
the remaining inorganic compounds and
substances, such as nitrogen and phosphoros.
UV is an ideal disinfectant for wastewater since
it does not alter the water quality — except for
inactivating microorganisms. UV is a chemical-
free process that can completely replace
the existing chlorination system and also



Fig .13.7 (a) DEWATS System at Auroville

inactivates chlorine-resistant microorganisms
like Crypiosporidinm and Giardia.

Case Study: Auroville, located in South India
near Puducherry has been cxperimenting
with natural wastewater recycling systems
{Decentralined Waste Water Treatment System
(DEWATS)) (Fig.13.7a). Such treatment
plants have now also been implemented in
Aravind Eye Hospital, Puducherry (Root
Zone  Wastewater Treatment (RZWT))
(Fig.13.7 b) and the Chennai Mathematical
Institute, Siruseri I'T Park, Chennai.

13.8 Organic Farming and Its
Implementation

It is a method of farming system which
primarily aims al cultivating the land and raising
crops in such a way, so as o keep the soil alive
and in good health by use of organic wastes
(crop. animal and farm wasles, aquatic wasles)
and other biclogical materials along with
beneficial microbes (biofertilizers) to release
nulricnts to crops for increased sustainable
production in an eco-friendly pollution free
environmentl.
13.9 Solid Waste Management
Every day, tonnes ol solld wastesare disposed
off at landfill sites. This waste comes from
homes, offices, Industries and various other
agricultural related activitles. These landhll
sites produce foul smell 1f waste Is not stored
and trealed properly When hazardous
wastes like pesticides, batteries containing
lead, cadmium, mercury or zinc, ceaning
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{b) RZWT system at Aravind Eye Hospital

i 'y

hundreds of farmers in natural farming.
Mammalvar was the anthor of several Tamil and
B fertilisers and was featured in magazines &
Ecological Foondation for Farm Research and
Global Food Security Trust or simply Vaanagam
al Karur, Tamilnadu. He developed social forest
in Pudukotiai. He and his friends made a 10-
acre barren land imto fertile cultivable land in the
dry Pudukotisi district. He planted 52 varieties
of trees in the same waste land extending in 20
and regenerates hundreds of native flora and
fauna, in order to ensure a sastainable livelihood.

solvents, radioactive materials, e-waste
and plastics are mixed up with paper and
other scraps and burnt, they produce gases
such as dioxins. These pases are toxic and
carcinogenic. These pollute the surrounding
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Table 13.1 Major sources of solid waste

Residential

Food wastes, plastics, paper, glass, leather, cardboard, metals, yard wastes,
ashes, tires, batteries, old mattresses

Industrial Packaging wastes, ashes, chemicals, cans, plastics, metal parts

Commercial cardboard materials

Thin and thick plastics, food wastes, metals, paper, glass, wood,

Institutional | Wood, paper, metals, cardboard materials. electronics

Constroction
and Demolition

Steel materials, concrete, wood, plastics. rubber, copper wires, dirt and glass

Agriculture Agricnltural wastes, spoiled food, pesticide containers

Biomedical Syringes, bandages, used gloves, catheter, urine bags, drugs, paper,
plastics, food wasles, sanitary napkins and diapers, chemicals

E-Wasle

Electronic items like used TVs, transistors, tape recorders, computer cabinets,
mother boards, CDs, cassetics, mouse, wires, cords, swilches., chargers

Dr. Sultan Ahmed Ismail is an Indian soil
binlogist and ecologist from Tamil Nadu
His work has centered on lechniques
for recycling biodegradable waste into
Dr. Ismail received a D.Sc. in Zoology
from the University of Madrmas for his
research on the mole of earthworms in
soil ecology and wasle management
He works on vermicomposting as a
been instrumental in introducing as well
as spreading awareness on environmental

issues, solid waste  management,
vermicomposting,  organic  farming,
vermitech and waste management o
several educational institutions, industries
and organic farmers in India and abroad.
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alr, ground water and can serfously affect
the health of humans, wildlife and our
environment (Table 13.1).

Solid Waste management incudes the
activitics and actions required to manage waste
from its inception to its final disposal. This
includes the collection, transport, treatment and
disposal of waste, logether with monitoring and

regulation of the wasle management process. It
is all about how solid waste can be changed and

used as a valuable resource.

Case Study: The Corporation of Chennai
looks after clearance and management of solid
wasie in Chennai Every day arcond 5400
Melric Tonnes (MT) of garbage is collected
from the city. Door to door collection of
garbage is done in most zoncs aparl from
sweeping, collecting, and storing the waste
in the specified bins. At presemt garbage
generated in Chennai is dumped at two sites.
Proposals are there for remediation of the
existing landfill or scientific closure and to
have integrated waste processing facilities
with waste w energy plants as one of the
componcnts at the existing Kodungaiyur and
Perungudi sites.

Z5 Enviionmentl Esues
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13.9.1 Waste management practices

a) Source segregation

b} Composting

1. Aerobic 2. Anaerobic

¢) Vermicomposting

d) Biogas generation

¢) Incineration
13.9.2 Radioactive waste

Radioactive wasies are generaled during
various operations of the nuclear power plant
Radioactive waste can be in gas, liquid or solid
form, and its level of radioactivity can vary. The
waste can remain radioactive for a few hours or
several months or even hundreds of thousands
of years. Depending on the level and nature of
radioactivity, radioactive wastes can be cdlassified
as exempt waste, Low and Intermediate level
waste and High Level Waste.

Radioactive waste management
Radioactive wastc management involves

the trestment, storage, and disposal of hquid,

airborne, and solid efflnents from the nuclear

industry:
¢ The Three Mile Island
~ (Pennsylvania, United
- States], Chernobyl
. (Pripyat, Ukraine) and

Fukushima Datichi

{Okuma, Japan} are nuclear disasters
the world has seen In the recent period.

Methods of disposal of radioactive
wastes are

1. Limil gencration - Limiting the generation
of wasic is the first and mosl important
et i ; T
2. Dilote and disperse - For wasles having
are adopted.
3. Delay and decay - Delay and decay is
frequently an important strategy because

Erronment Espes. X2
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much of the radioactivity in nuclear reactors
and accelerators is very short lived.

4. Concentrale and confine process -
Concentrating and containing is the
objective of treatment activities for longer-
lived radioactivity. The waste is contained
in corrosion  resistant  containers  and
transported to disposal sites. Leaching of
heavy metals and radionuclides from these
sites is @ problem of growing concern.

Control and Managemeni

Three ways are employed 1o manage noclear
wasles

« Spent Fuel Pools - The spent fuel discharged
from the mactors is lemporarily stored in
the reactor pool The Spent fuel rods are
used in stored cooling ponds. They protect
the surroundings from radiation and absorb
the heat generated during radioactive decay.

+ Vitrification method - This prevents
reaction or degradation of nuclear waste for
extended periods of time and encased in dry
cement caskets

« Geological Repositories- A deep geological
repository is @ nuclear wasie repository
excavaled deep within a stable geologic
environment. It is saited 1o provide a high
level of long- term isolation and containment
without foture maintenance. In India at

Tarapur and Kalpakkam, a wel storage
facility of Spent Fuel is the main mode of

stoTage.

13.9.3 Medical waste

Any kind of waste that contains infections
material generated by hospitals, laboratories,
medical rescarch centers, Pharmaceutical
companies and Velerinary dinics are called
medical wastes.

Medical wastes contain body fluids like blood,
uring, body parts and other contaminants,

culture dishes, glasswares, bandages, gloves,
discarded needles, scalpels, swabs and tissues.
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Management: The safe and sustainable
management of biomedical waste is the social
and legal responsibilities of people working in
healthcare centers.

Waste disposal: Involved by incineration,
chemical disinfection, sutoclaving encapsulation,
microwave irradiation are methods of waste
disposals. Final disposal includes landfill and
burying as per norms inside premises.

13.9.4 E-Waste

Electronic waste or e-waste describes
discarded electrical electronic devices as well
as any refuse created by discarded electromic

devices and components and substances
invodved in their manufacture or use. Their
disposal is a growing problem because electronic
oquipment  frequently contzins  hazardous
substances. In a personal computer, for example,
there may be lead (Pb) in the cathode ray tube
(CRT) and soldering compound, mercury
(Hg) in swilches and housing, and cobalt {Co)
in steel components, among other equally
toxic substances. E-wastes are basically PCB
(Polychlorinated biphenyl) based, which are
non-degradable (Fig.13.7).

oA S oo, ol b Ciz| prires
i et | ecimnic mar Tl

=@ %

Al a0 Temimin Mapie Fer=adas Freclimic
Emuagrniar e | e Pearss

Fig.13.7 Types of E-wastes

Used elecironics which are destined for

rense, resale, salvage, recycling, or disposal
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are also considered e-waste. Unauthorised
processing of e-waste in developing countries
can lead to adverse human health effects and
environmental pollution.

Recycling and disposal of e-waste may
involdve significant risk to the health of workers
and commamities in developed countries
and pgreat care must be taken o avoid unsafe
exposure in recycling operations and leaking
of materials such as heavy metals from landfills
and incinerator ashes.

13.9.5 Plastic Waste - Solutions and
Remedies

Plastics are low molecular weight organic
pobymers that are non-degradable in the natoral
envimmnmenl They are used in several items,
incloding cars, bulletproof vests, toys, hospital
equipment, carry bags and food containers.
Packaging materials used in supermarkets, retail
outlets, manufacturing industries, houscholds,
hotels, hospitals, restaurants and transport
companies are major contributors o plastic
wasle gencration. Plastic waste constitutes a
major part of municipal solid waste.

« Remodies: 4R~ Refuse, Reduce, Reuse
end Recycle manira is the best availahle

« Tamil Madu State government successfully
plastics from 1t January 2019.

13.10 Ecosan Toilets

Abouat 150 liters of wastewater at an average
is generated by an Indian individual daily, and
a large amount of it is gencrated from toilets.
Ecological sanitation (EcoSan) is a sustainable
system for handling human excreta by using
dry composting toilets. EcoSan toilets not
only reduce wastewater generation but also
generate the natural fertilizer from recycled
human excreta, which forms an excellent
substitute for chemical fertilizers. This
method is based on the principle of recovery

Xl Envionaenial Esues



and recycling of nutrients from excreta to
create a valuable supply for agricultore.
*EcoSan’ toilets are being used in several parts
of India and Sri Lanka.

Stummary

Degrading natural environments, depieting
natural resources, pollotion, vulnerability to
large scale environmental changes and hazands
are the core Environmental issues of today.

Air pollution by fossil fecl burning and other
anthropological activities like industrialization
is reaching alarming levels and affecting human
health and testing the survival of sensitive species.

Domestic and  industrial sewage, and
agricultural run-oif are the most common reasons
fior pollution of water bodies, resulting in redoced
dissolved oxygen and increased Biochemical
Oncygen demand of water bodies. Entrophication
and algal blooms are egular occurrences today:
Indusirial wastewaters are often rich in toxic
chemicals, heavy metals and organic compounds
which harm living organisms and may even
result in death of aquatic lile.

Moise pollution is a threat to human and
other animals. It can affect health and disturb
peaceful habitats. Agrochemicals and its usages
cause many ill effects in human beings, other
organisms and soil Agrochemicals can also
cause biomagmification. The solution is o revert
to non-chemical farming (use of biofertiliscrs,
biopesticides, protect pellinators) practices.

Generation of monicipal wastes and their safe
disposal are major issues faced by communities
today Solid wastes create environmental
problems and must be disposed-off in safe ways.
Disposal of solid wastes, radioactive wastes and
c-wasles requires further efforts and research
practicing the 4R - refuse, reduce, muse and
recyde Ecosan toilets are some of the universally
accepled eco-friendly practices.
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Evaluation

I. Right o Clean Water is a
fundamental right, under -

the Indian Constitution [

a) Article 12 [=]
b Article 21

<) Article 31

d) Article 41

2. The ‘thickness of Stratospheric Ozone layer
is measured infon:
&) Sieverts units
) Melson units

b) Dobson units
d)Beaufort Scale

3. Asper 2017 statistics, the highest per capila
emitter of Carbon dioxide in the world is
a) USA b) China
c) Qatar d) Saudi Arabia

4. The use of microorganism metabolism to
remove pollutants such as oil spills in the
water bodies is known as
a) Biomagnification  b) Bioremediation
c) Biomethanation  d) Bioredoction

5. Which among the following always
decreases in a Food chain across tropic
levels?

a) Mumber

<) Encrgy

6. In the E-waste generated by the Mobile
Phones, which among the following metal

is maost abundant?

biAccumulated chemicals
d} Force

a) Copper b) Sibver
c) Palladium  d) Gold
7. isfarc an ideal disinfectant

for waste water.
a) U-¥ Rays b} Chlorination
c) Boiling d) Ozonisation
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10.

L.

1L

13

SMOG is derived from -
a) Smoke b) Fog

c) Both A and B d) Omly A

Excess of fuworide in drinking water
CAUSES:

a) Lung disease b) Intestinal infection
d) None of the above

<} Fluorosis
.E:.Ipmld.{l} CFC (i) AQI (i) PAN
What is SMOG and how it is harmful for us?

List all the wastes that you generate, at home,
school or during your trips to other places.
Could you very casily reduce the generation
of these wastes? Which would be dithicult or
rather impossible to reduce?

Write noles on the following:
a Eutrophication
b Algal Bloom
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[4. What effect can fertilizer runolf have on an

aquatic ecosysiem?

I5. How can we control air pollution?

l6. Dhizcuss the role of an individoal to redwce

environmenlal pallution.

17. How does recycling help reduce poliution?

18. Discuss briefly the following -
a. Catalytic converter
b Ecosan toikets

19. What are some solutions to toxic dumping

in our oceans?
20. Define BOD.
21. What is referred to as biomagnification?
22. What are the elfects of noise pollution?
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Glossary

Abiogenesis - The emergence '
of life forms from non-living Ja
chemical systems. In contrast
with spontancous generation,
abiogenesis is mot a process
that biologists think continues in a particular
environment, such as a planct or moon, once a
living system has emerged.

Acidogenesis - Conversion of simple organic
materials into acetate, H, and COy, by acidogenic
bacteria.

Algal bloom - Presence of large amounts of
nuirients in wasle waler causing excessive growth
of planktonic algae

Allergy-A  hypersensilivity reaction that can
imvolve various deleterious effects.
Anthropogenic  inses- Problems — created
by human

Anthropalogy - The study of differences and
biological and cultural characteristics of human
populations in all periods and in all parts of the
world

Anlisense DMNA- R is the non coding strand
complementary to the coding strand in douhble
stranded DNA. The anlisense strand serves as a
template for mENA synthesis.

Apoptosis- Is a form of programmed cell death
that oocurs in multicellular organisms.
Attenmated - Reduced in virulence.
Anioradiography - It is the use of X-ray or
photographic lm to detect radinactive materials.
Bacteriophages— Yirnses which infect bacterial
cefls.

Biogeography - The scentific study of the
geographic distribution of organisms.

Canopy — The canopy is the above ground
portion of a plant community or crop, formed
by the collection of individual plant crowns.
Carcinegens- Substances causing cancer.

Glosgry 236
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Cardisc arrhythmiz— Any variation from the
normal rhythm in the heartbeat.

Carriecr — An individoal heterozygous for a
recessive gene that is nol expressed.
Catasirophic— Something or substance that
imvoldves or causes a sudden terrible disaster.
Chemical Ouxygen Demand - A measore of the
oxygen required Lo oxidize soluble and particulate
Organic matter in water.

Cirrhosis-Scarring of the liver that impairs its
functioning,

Co-dominance — In a heterozygote, the dominant
and recessive allele is capable of phenotypic
CXPression.

Coscervates - Are the microscopic spontancously
formed spherical aggregates of lipid molooules
that are held together by electrostatic foroes and
that may have been precursor of cells. They are
the cluster of molecular aggregates in colloidal
form which are bounded by a membrane
and grows by absorbing molecules from the
environment. (parin believed that life developed
from coacervates.

Cytolysis- Destruction of cells.

Cursorial - A cursorial organism is one
that is adapted specifically to run. Cursorial
organisms are typically adapied tw long-
distance running at high speeds, rather than
animals with high acceleration over short
distances: thus, a cheetah is considered
cursorial, while a leopard is not.

Denaturing - Denaluring means scparation or
splitting of the double helix inlo single stands
by breaking hydrogen bonds between the two
strands.

Dendrilicoeils- Professional antigen presenting
cells that have long membrane processes.
Dispedesis- The movement of blood cells
(leucocytes) out of the circulatory system and
towards the site of tissue damage or infection
accompanying inflammation.

Dinossurs - a term coined by Sir Richard Owen
for giant extinct reptiles: Group of animals that
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have bird-like and lizard-like facial appearance
{Mesozoic).

Distribution - The ocourrence of different
organisms in a given area and the way they are
distributed in their space, specific time and
utilization of their resources.

) - Dissolved Oxygen is the amount of
gaseous oxygen (0,) dissolved in the water.
Ecotourism - Travel undertaken to witness sites
or regions of unique natural ecological quality
the provision of services to facilitate such travel
El Nino- Unusnal warming of surface waters in
the eastern tropical Pacific Ocean
Emphysema- A serious medical condition that
ocours when the lungs become larger and do not
work properly, causing difficulty in breathing.
Endemism-The phenomenon in which the
organisms are exclusively restricted to a given
arca.

Endometriosis - An abnormal condition in
which endometrial tissue that normally lines
the uterus grows outside .

Echippus - Ancestor of modern horse.
Enchromatin - Enchromatin is a tightly packed
form of chromatin that is enriched in genes, and
is often under active transcription.
Entrophication - Excessive richness of nutrients
in & lake or other water bodies frequently doe o
run of fertilizers from the land causing dense
growth of plant life.

Fibroids - Fibroids are abnormal growths
formed on the outside, inside or in the walls of
the wterus.

Foeins - Developmental stage extending
from the ninth week of development
to birth.

Fossorial — Fossorial (from Latin fossor,
meaning “digger’) is an animal adapted
to digging which lives primarily, but not
solely, underground. Some cxamples are
badgers, naked mole-rats, clams, and mole
salamanders.
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Galaxy — A specific arrangement of stars.

Gene bank-A facility established for the ex-situ
Conservation of individoals, seeds, tissues or
reproductive cells .

Gene pool - The total gene content of a whole
species.

Genetic drifi - An alieration in the gene
[requency.

Geology - The study of origin and structure of
Earth.

Glaciers— A large mass of ice that moves slowly.
Harmophilia - A medical condition in which
the ability of the blood to cot is severely
reduced. cansing the patient to bleed severely
from even a slight injury.

Haemozoin- Toxic malarial pigment that
canses malaria fever.
Hallncination - The sensation of seeing, hearing
or sensing something that does mot exisi
Heterochromatin - Heterochromatin is a tightly
packed form of DNA or condensed DNA
Homeostasis— It is the state of steady internal
conditions maintained by living things.
Immune reaclion - The prodoction of
antibodies in response (0 antigens.
Interferon- An antiviral protein prodoced
[rom virally infected fibroblasts and lencocytes
induces antiviral state in uninfected cells.
Intersex — An individual showing a combination
of male and female characters.

Intra-Uterine Insemination (1'U1)-Processed
sperm sample is infused into the olerus, by
passing the vagina.

Intracyloplasmic sperm  injection (ICSE)-
injection of a sperm directly Into the ovum.
Intra wterine (ransfer (IUT)-Transfer of
embryo with more than 8 celled blastomeres
Into the ulerus.

In vitre fertilization (IVF)- Fertilization
outside the body in the laboratory.

In vivo fertilization -Fosion of gametes within
the female.
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Inflammation - eg., Vaginitis- inflammation
in the vagina, urethritis- inflammation in the
urethraendocervicitis-  inflammation  inside
the cervix, epididymitis - inflammation in the
epididymis, prostatitis - inflimmation in the
prostate gland.

Keystone species-A species whose loss from
an ecosystem  would cause a greater than
average change in other species population or
£C0SysLEm process.

Locus— The particular pointon the chromosome
at whiich the gene for a given  trait occurs.
Macrophage - A large, leucocyte derived from a
muonocyle that fanctions in phagocytosis.
Malt - Mocosal Associsied Lymphoid Tissue
collective terms for secondary lymphoid organs
located along warious muocous membrane
surfaces including Peyers paiches, tonsils,
appendix.

Mast cell - A bone marrow derived cell
Memarche - Starting of the first menstroal
period.

Merozoile- A trophozoite of Plasmodium
found in RBC or liver cells.

Methanopenesis - Conversion of acetate, H,
and CO0, into methane by methane producing
bacteria.

Molecular biology — The branch of hiclogy
which attempts o interpret biological events
in terms of the physico chemical properties of
malecules in a cell

Molecalar Pharming - Production of aciive
pharmacentical substances in genetically
muoldified organisms.

Mould - An impression of a complete organism
or a part of it in the rock that surrounds it
Multiple Sclerosis- It is a demyelinating disease
in which the insulating covers of nerve cells in
the brain and spinal cord are damaged.
Mutation - Sudden and inheritable changes.
Marcotic- A powerful drug that prodoces,
relaxed, dreamy state, derived from Opium
plant

Giosgry I8
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MNascent RMA - Nascent RNA is an immediately
formed RNA. Inthis RNA no post transcripticnal
modifcation had occured.

NBOD - Nitropenoas BOLD.

Mk cells - Natural Killer cefls that kill infected
and tumor cells.

Nondisjunction - Nondisjunction is the
failure of homologous chromosomes or sister
chromatids to separate properly during cell
division,

NIK lertilizers- Fertilizers with Nitrogen (N},
Phosphorus (P} and Potassium (K).
Nucleosome - A morphologically repeating
unit of DNA containing 190 base pairs of DNA
folded together with eight histone molecules.
Null cell- A small population of peripheral
blood lymphocytes that lack the membrane
markers characteristic of B and T cells. Natoral
killer cells are induded in this group.
Ontogeny - Life history of an individoal
Docyle — The encysted zygote of Plasmodium
Operon - A cluster of genes whose expression

is controlled by a single operator
Panspermis — Units of life in the forms of
SPOICS.

Permafrost - Any ground thalt remains
completely frozen (32°F {(0°C) or colder) for
at least two years straight. These permanently
frozen grounds are most common in regions
with high mountains and in Earth’s higher
latitudes near the North and South Poles.
Phenotypic plasticity -The ability of
one pgenotype to  produce more  than
one phenotype when exposed 1o different
cnvironments.

Phylogeny — Record of ancestral history.
Planctesimals Planctesimals are the
fundamental building blocks of the planets as
well as the ancestors of asteroids and comets.
Polypeplide chain- It consisis of smaller
subunits or amino acids that are linked together.
They are the building blocks of proteins.
Postpartum - Period of life following childbirth.
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Precursor— A substance from which another is
Primer — A short oliponucleotide that hybridizes
the template strand and gives a 3° - OH end for the
Probe - The probe & a single stranded DNA
molecule that is ‘complementary” to the gene of
interest in @ sample onder study.

Pscudopodia - Blunt temporary protoplasmic
projections found in Amocba or in some amocha-
like cells.

Psychoactive drog-A chemical substance that
acts on brain and affects the mind and behaviour
of user.

Poberty — Period of reproductive maturity.
Myrolysis- Decomposition brought about by high
temperatures.

Recombinant- A cell or organism whose genetic
complement results from recombination.

Redia - Larva in the life cyde of most trematodes.
Rheorcceptors — They are receptors in fish
and some amphibians that respond to water
currents.

Saltation - Single step large mutation.

Satellite DNA - Short highly repeated
cukaryotic DNA sequences, usually clustered in
Saltatorial — Saltatorial is an animal adapted to
sometimes, reduced forcdimbs. A few cxample
froghoppers, grasshoppers, and frogs.
Schizogony- The process of muoltiple fssion, in
which one organism divides 0 produce many
daughter cells.

Schizont - The trophonoite of Mlasmodium grows
in size to form the schizont.

Selection - Choosing the better adapted alleles
Sewage - Domestic waste water conlaining various
solid and liquid waste materiaks incloding human
cxcreta.
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Single cell protein (SCP') - A protein derived from
a culture of single cefled orpanisms used especially
as a food supplement.

S0D- Sediment Oxygen Demand is the rate at
which dissolved oxypen is removed from the water
column during the decomposition of organic
matter in streambed or lakebed sedimients.
Solubilisation - Dissolving the feed stock in water
to make a shorry for anaerobic digestion.
Specialion — Formation of new species from the
pre-existing ones.

Structural gene — A pene coding for the structure
of & prodein

Taq DNA polymerase- A thermostable DNA
Thermus aquaticus. It helps in the synthesis of
DMA

Transgene- The target gene responsible for the
development of transgenic organism.
Trophoroile stage-In  Plasmodivm life cycde,
cryplomerozoites in the REC become round and it
maodifies into a young trophozoite.

Umbilical cord - Structure bearing arteries and
Varistions — Dissimilarity between the members

of the same species.

Vitrification- Transformation of a substance into
aghass

Volatifity- A lignid or substance is one that will
quickly change into a gas.

Wilhdrawsl symptoms - The reactions
experienced by an addict afier he/she stops using
drugs.

Woally mammaoth - A hairy relative of modem
elephant that lived in cold dimates.
Foogeography - Stuly of detsils with the
geographical distribution of animals.

Fygote intra [allopian  tremsler-(7IFT)
Transfer of zygote or embryo with 8 or
less than 8 celled blastomeres into  the
fallopian tube.
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MCQs for Higher Studies
Chapter 2 - Human Reprodisction

Chapter 1 - Reproduction in Organisms

“Mothing lives [orever, bul life continoes” Whal

does il mean? [AIPMT 1945)

ajOdder dies but new ones are produoced by
reproduction

bl Maolthing can prodwo: withoul death

) Death has nothing 1o do with the comtinuation of
life

d} Parthenogencsis is mast for sexual reprodoction

h‘rw:-lﬂurcﬂdun‘ﬂ:ing-nuﬁn lealures of

reproduction are given belovw. Select the options that

are troe [or both sexual and asexwal reproduction

from: the oplions given:

i Cramelic fasion lakes

it ‘Transfer of genelic material akes place

iiii. Reducison division takes place

i¥. Progeny have some resemblance with parents

aliand & b3 ii and iii
c} i and iv dYiand i

A [ew galemenis with regard 1o sexnz] reproduction

are given below:

i. Sexual reprodinclion does not always require bwo
individuals

ii. Sexmal reproduction generally mvwlves gametic
lusion

imi. Meiosis never cocurs during sexual reproduciion

ie. External feriliction = a rule during sexual
reproduc Lion

boose the cornect stabements from the options

beloms-

aliandiv bl tand ii

<)l ii and i d) i and iw

iven below are a few sizlemenis related 10 external

[eriihization. Choose the correct stalemenis:

i.’The male and female gametes are [ormed amd
refizazed smhaneoashy

it. Omly a few prmeies are rdeased inlo the medium

ifi. Wader is Lhe medium in a majority of organisms
exhibiling external feriilization

e (Hlzpring formed 2= 2 result of external
feriilizalion have betier chance ol sarvival than
those [ormed inside the organism

a) i and v Bl i and iii

)l i and iw d) i and iw

‘Which of the [ollowing stalements, support the view

much kter in the organic evolulion?

i} Lovwner groups of organisms kawe simpler hody design

iljAsexual reproduction is common in kewer growps

ifi}Azcsmal reprodoction s commoa i higher
groups of organisms

iv)The high mcidence of sexual reproduction is in

anginsperms and verichraies.
al i, ii and ii b} i, wi and iv
c) , i, and v d) i, iif and v
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Select the incorrect. stalemenL. [MEITT 2006, phase 1]
a) L1 and FSI1 trigger ovelilion in ovary

b} LH and FE3H decrease gradually doring the
<) LIl inggers secretion of andrmgens from the: Lewdig cells.
)} 17511 stimulabes the sevicli cells which help in

2. lIdemtily the correct. stalement on “mhbibitio

|NEET 2016, phase 1]
is produced by granolose cells in ovary and
m]!.l.l:ul.l-thlu:tﬂmnﬂl’ﬁl‘l
h}nplndlmcdhmmﬂuﬂ:uﬂ: |r|.m='pa.u:tl1|ﬂ:||b:
the secretion of LI
) is produced by murse cells in lesies and mhibits the
secrelion of 111
d} imhibéls the secretion of L1, F511 and prolactin.

3. Several bormones like ROG, hPL. ocstrogen and

progesternne ane prodoced by [NEET 20146, phase 1]

a) wwary b) placenta
<) [allopian tube d) pituilary
4. Maichcolumn [ with columm 11 and select the cornect
oplion using ihe codes given below
INEET X6, phase 1]
Colomn | Ciodumn [
A Mons pubis 1. Eimbryn formalion
R Antrum 2. Sperm &
. Trophecioderm 3. Female external gemialia
[ Hebenkem A. Grmdlan follidle
AR O B
a) 3 4 2 1
B 3 4 1 2
od 3 1 4 2
1 4 3 2

5. Which one of the follkwwing is oot the function of

pacenia? (WIIET, 200 3)

all T abiste sxpply of oxygen and noinents o embro

b} To seorele pesirogen

i Te Edlitale the removal of crbondinzide and
material frmm embryo

. The lesges in human are Swaled oviside ihe

ahdominal cawily inside a pooch called scrotom. “The

purpose served is for laPsT 2001]
'.-]uq:l:rg possihle compression Elf'ﬂu'mmiutpm

ﬂpl'umdmg_;mrb:lﬂrpmnﬂlhlumhn:bi:mug
the male sex
dj maimtaining the scrotal lemperatore lower than

7. Hormones secreted by placenta 4o maintain

pregnancy are | MEET 28]
a) hi2(3, hPL. progesierone, esirogen
by hioi, hPL, estrogen, relavin, axytocin
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c) o, BPL, progesicrone, pralaciin
d) b, progesierone, estrogen, ghecoooriooids

B Maich and select the commect option  |[MEET, X8|
(ohemn [ Codumn 11
a. Prolilera i'n'.'pl'ﬂ.l.l:- 1. Rreakdewn ol
i e o T
b Secretory phase 2. lollicular phase
c. Menstruation 3. Lutea] phase
a b «c
A) 3 2 1
By 2 3 1
o] T | i I
m 3 I 2

Chapter 1 - Reproductive Health

i

Which ol the [ollowing is a bormone meleasing

Intrauierine Device [[LTYR :IMF'H']'.I-U'LII
a} Muhilaad 375 b} ING-20

c) Cervical cap d) Vault

Assizied reproductive lechnology, IVE involees the
transier of I.H.]PI.-IT.H]L-'.}
a} Owom into the lallopian wbe

b} #ygote inlo the falopian tohe

c} ¥ygole into the werns

d) Eimhrpo with 16 blestomeses into the Gllopin iube

In context of amnincenlesis, which ol the following

slabements is inoormect? INEET-1, 200&]

a} It is usaally done when a woman is between 1416
weeks pregnant

b} I iis wsed lor prenatal sex delerminstion

cl Il cam be used for detection of Down syndrome

d} i can be wsed for detection of Clefi palste

VWhich al the lollwing approach does not give the
delmed action of contraceptive?  |MEET-1, 2016

a) Barmier methads | Prevent fertilimtion

bi Inim uienne| Momssphegocyiosis of sperms,

fertifixing capacity of sperms
£} Hormonal Preeeni retand entry of sperms,
conlraceplives prevend ovulalion and lerifemon
) Vasectomy Prevents spermalogenesis

Chapter 4 - Principle of Inherilance and Variation

The fruit [y Drosophila melanogasier was foond
i be very suilable for experimental werihcation of
chromosnmal theory of inherilance by Mongan and
hiz collzagues hecase [ALEMT MAINS 2010]
a) It reproduces parthenogenetically
b} A single maling produces two poung, (hes
} Somaller female is casily recogmizable from large male
d} It completes the kife cyde in ahouat two weeks
Which ome of 1he following cannot be explaimed en
the hasis of Mendels Law of Dominance?

|AIPMT PRE X10|
a} The discrete unil controlling a particular character

is called a factor

| ] S Dl Fealegy Corroaiion DumsSers: DU inss D47
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h} Chat ol one pair [aclors ane & dominanl and the
ather recessive
) Alleles do ot show amy blending and both the
characters recover as such in P2 generation
adlf Factors oocur in pairs
ARD bood groups in homans are contmolled by the
gene L 1k has three alleles - IA, [Band © Since there
are three dilferent alfleles, six dillerent genotypes amn
passible. 1 low many phenpiypes can occur?
[AIPMT PFRE 2010]
a) Three b)) One ) Four d) ‘Tweo
Which ome of the [llowing spmbols and s
represeniation, used i human pedigree analysis is
correct? |AIPMT PHE 2000]
a) c===Maling hetween relatives
b} ==Unalfected male
o} o=Unalfecied female
adl f=Male affecied
Which omne of the bllowing conditions correctly
describes the manner of determining the sex in the
pives cxmle? [AIPMT PRE 2011]
a) X0 type of sex chromosomes determine male
sex im grasshopper
b} X0 condition in humans as fond in Tarmer
syndrome, determines [emale sex
i Homoeygous sex chromosomes{XX)  produce
male in [rosophila
d} llomoaygous sex chromosomes(#2#) determine
lemale =cx in binds
A normal-visioned mon whos= Giker was hlind,
marries 2 woman  whose Biher was also coloar
blind. They have their imst child as a dasghier. What
ame Lhe chances that this dhild wouwkd be coloar blind?
[AIPMT FRE 2012)
aj Inc bjoe o Ism o} 505
Which of the following stalements is nol lruwe of bwo
genes Lhai show 50 per cent recombinadson frequency
[ATEMT 2003]
a) The genes may he on diflerent chromosomes
b} The genes are tightly linked
) 'The genes show independent assortment
a} Il the genes are present on the same dhromosome

A pleiotropic gene: [RE-AIPMT 2015

a) Is a gene evohved dorimg Miccene

T} oniwolsa il oely in combinatinn with another gene

t}ﬂt..lrtﬁl:n:‘:l.gl:mﬂluunhnﬁnl

a} Is expressed cnly in primitive plants

A e ahicurr gy cockoumiriance b [RE-ATPMT 2015]

a) Alleles tighily linked on the same chromusome

b Allales that are recessive o cach other

<} Both alldes independently expresed in the
heterozygote

d} Ume allele dominant on the other

Pick out the correct siatements: [MEET-1, 201 6]

a) laemophilia & a sex- Enked recessive disexse

i} Sickle cell anaemia & an X-linked recessive gene
disorder
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al A and [¥ are correci
cl &0 amd [ are cormed

b} b and 132 coreect
&}Hn:ll:m

Chapter 5 - Moleclar Cenelics

The assocmtion of histone 111 with o mudessome
indicabes {MEET 2017)
a) Transcriplion is sccurring
b} I3NA replication i occurring
] The DMNA is condensed into chromatin Gbre
d) The I'"A dooble helix is exposed
Vhich ol the ollowing is mot required for amy of
the technigoes of 1A [mgerprinting avazkeble a1
present? INEET 26|
b Restriction enzymes
¢} IINA-DNA bybridization
d} polymerase chain reaction
Satcllite [BA is important because it |AIPMT 2015
a) codes for probeins needs in cell opcle
b} shows high degree of pobymorphism in population
and abso the sme degree of polymorphism in
an individual, which is heritable from parents 1o
chibdren
cl Idoes pot code for protein and & same m all
members of the popalation.
d} Cioddes (or enzymes needed for DA replication.
The diagram dhews an imporiant concepl in the
genelic implication of DMA Fill in the blanks A 1o
(NEET 213)
& L -
DA ——smBMA - -—sprobein -proposed by
a} A- tramcscriplion, B replction G- fames Watson
b} A- trancscription, B irancscrption, {2-Erwin
c} A- trancscriplion, B- tranlation, C-Francs Crick
di A tencsoiption, B extension, C-Rosalind
Frankin
Eeled he two siatements ool of the foor (1 -1V given
below abowt kec opema. [ AT X10]
i Clhacose or galactose may hind with the repressor
and imactive iL
ii. In the absence of ladose, the repressor binds
with the operalor region
iii. The z-gene codes for permense.
iv. This was elucidaied by Francois Jacoh and
Jacques monnd.
Thee correct siaiemenis ane
a) i and i b} i and #ic) i and v d) § and ii
Which one of the llowing pairs of codons is
correclly maiched with their function or the sngle
for the particular amino ackd? [AIPMT 3008]
a} CUL, COU - Alanine
b) UAG, UGA - Stop codan
c) AU, ACK - start/methionine
d} VLA, UCA - Leucine
The Dazaki fragmenis in DMA chain growih
{AIPMT 2007)
a} Resull in transcription
b} Pulymerize in the 3 0 5 direction and forms
replication fork
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<} Privve semi - conserval e nalare of IVHNA replication

d Polymerises in the 5" 1o Jdirection and explain 3’
105" DNA replication

uring tmnslation milation m prokaryoies, a CTP

el sl S meeilead e JATPMT 2003]

a) association of 3, mBENA with formy]l met tRNA

b azzoction of S0z molunit of fbozome with
imitialion complex

<) formation of formyl met (RBNA

d}l‘rhdingd-ll:h wobunil of rbosome with mBENA

Reverse lnnscripiase is

a) RMA dependent RMA polymerase

b} A dependent BHA polymerase

i A dependent DNA polymerase

dj RMA dependent DNA polymerase

Escherichin coli fully labeled with Mi4 medmm. The

twa sirands of DMNA molecules of the ficel genemilion

hacteria have

a) Dalferent density and do not resemble parent DA

b} Different density but resemble parent DNA

<) Same density and resemble parend DINA

d} Same density but do nol resemble panents DMA

Chapter 6 - Fvolution

I

The wings of a bird and of an insect are

a) homokgoos stroclune and represeni convergent
evolalion

cj analogoes structore and represent convergent
evolution

Which one of the following siatement is cormect?

::IstﬂucﬂerEfpuil]mu:lcEE

a) there is no evidence of the exigience of gills during
embryogenesis of mammals

b} all plant and animal odls are Lotipotent

<} Omtogeny repeats phylogeny

In [lamdy Weinberg egualicm, ihe frequency of

hetemaeygous individoal is represenied by

a) p bilpq clpg dig

The correct orderin Fra is

a) Palsenzoic-— Archosomoic —- Coenozoic

b} Arnchaeoenic -— Palasoendic- Probenmenic

<} Palaeoroic— Mesozoic —— Coenoaoic

) Mesomaic A rchascmaic-- - Protemeniac

‘The most apparent change during the evolutionary

history of Homve sapiens is moed in (AIPMT 2010}

a) loss of body bair

b} walking upright

) shortening of jaws

i remarkable increase in the brain sixe

The process by which organisms with differsnt

evolutionary  history  ewlve similar  phenoiypic

adaplations in nesponse o2 common envirenmental

i called {AIPMT 2013)

a) Natural selection

b} Convergent evolation

) Mom- random evolution

) Adaplive radiation Human health and discases
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Chapter 7 & B - Human Fealth and Diseases and Immunalogy

Sedect the correct statement from: the given belaw:
[ATPMT 2000f

a) Barbilurales when given lo criminals make them
tell the truih

bj Morphine s ofien given Lo persoms who have
onder gone surgery as a pain killer

c) Chewing tobacon lowers blond pressure and heart raie

d} Cocine is given Io palients afier surgery as il
stimulates

FECOVERY
Maich the lollowing [ATPMT 1008]
i(olwmn 1 Cohemm I

A} Amoebiasis i} Treptonema pallidum

1) Dighiberia ii} Use only sierilized food
and waler

) Cholera fii} [T vaccime

1Y) Syphilis vl Use oml mehydsation
therapy

A i} i I3

a) i (1] (1] v

bi 3] i i

c) W 1 tii v

dj i 1ii v i

Il a persen shows production of interdemns in his
bedy, the chances are that he bas got an infection of
a) Typhoid by Meashes

c) Telames d) Malaria

A person sullering [rom a disease capsed by

Masmodium, experiences recurming chill and feveral

the lime when? JATPMT MAINS 2000]

al The sporoxoites refeased from BRBCs are being
rapidly killed and broken down inside spleen

b ‘The trophozoiles resch mazimum growth and give
ol cerlain lowins.

c) The parasile afier its rapid moltipliction inside
RBC's repiures them, releasing the stage to enter
fresh BB

d} The microgametocyies and megagamelocytes ane
being destroyed by the WHC's

Where will yoo look for the spomesiies of the

material parasile? JAIPMT PRI 2011

) Hed Bocd corpusles of e saifermg fream malars

b Splecn al mfected bumans

c) Salivary glanids of freshy moolied female annpheles
mosguilo

Which ane of the ioBowing crganisms is scientifically

and correcily named, correcily printed acconding

to the Imiernational Fules of Homenclalure and

cortectly dearsilul? JALPMT MAINS 2012

a} Flasmodivm fElciparuom - a proforcan cansing
ihe mwost seriones type of malaria.

k) Fielis tigris - The Indian tiger is well protecied in
Ciir forests

clli Cofi - The [l name iz Emlamosha coli, 2
commanly ooourring backeriom in human inlegine

Which of the llowing endoparasiles of humans

shei - yivipiarity? IAIPMT 2015]
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a) Ancplosiomna dusdemale

b} Enferotiws vermioelaris

) Trickimella spirailis

d} Axcaris fembricoides

"the active orm of Entamaosta histolptica feeds apon:

[AIPMT 2015]

a) Erythrocyies, mocosa and submauscosa of colon

b} Mocos and submuocos colon only

) Food in indestine

d}f Blood only

Which one al the [ollowing siaiemenis & correct with

respect b AIDS? [ AIPMT PRE 2010]

a) The MY can be tansmitied throwgh ealing food
together with an mfected person

T} Drag addicts are beast susceptible o 111 infection

< ALDS patienis are being Mally cured 100 percent
with proper care and nuirition

) The camsative HIV retroviras emters helper
T-lrmphocyies thus reducing their numbers

Select the comect siatemsent with respect Lo diseases

and immun i [AIPMT MATHS 2011]

a]lf:bemmuuuﬂ::d'flrmphqtﬂ-n
againsi a pathogen

kHnjection of deadfimsciivated pathopgens cused
passive immumity

cierain protozoans have been used I mass
production of hepaiilis B wocine

al} Inpection of sake antivenom against snake bile is
an example of aclive immuonizslion

. Which one ol the [ollowing siziemenis i correct with

respect ke immanity? JAIEMT MAINS 2013

a) The antibodics agginst small pox pathoges are
produced by T - lymphocytes

b} Antibodies are prtein molecules each of which
has fowr light chains

) Rejection of a kidoey grafl is the [unclion of
B - ymphocyles

) Preformed antihbodies need to be imjecied 1o
treat Lhe bite by a viper snake.

12. Which one of the fllowing is nol a property of

13

cancerous cells wheseas the remaining three ane?
[AIPMT PRE 2002}

a) They compete with normal cells for vital nuirienis

B}qurdnmlmﬂnm&m&inﬂtmurfmhu

.i:}'lhl:r divide in an uncontrolled manner

) They show contact inhibition

Al which stager 1Y infection does one wually shaow

symploms of AIDS? [ ATPSAT 20040

a) Within 15 days of sexual contact with an infect=d

peTsam

b} When the infecied reiro virns enters hosi cells

o} When HIV damages large number of helper
T- Lymphaocyles

d} When the vl I3NA is prodoced by reverse

Irn=mmplass
14. Maich each disease with its correct type of vaccine

JALPMT 2015]
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I5.

Chapler @ -

a)Tuberculosis i) harmbess virus

bi'Whooping cough | i} inaciivated toain

c)l¥iphtheria it} killed hacteria

diPalie iw) harmbess bacteria
al bl o d)

a) i} G Ciad i)
by (@) (&) (iv) 3
€} (v} (md) (i) (i)
4y @) (m) () )
Which of the [bllowing is correct regarding AIDS
causative agent 1HIVE |NEET-1I, 1016]
aj HIV is enveloped virus thal conlains two
identical molecules of single-stranded RNA and
iwo molecules of reverse iranscriptase
b} HIIW s umemneeloped retrovirus
cHIIY does not escape bui atacks the acquired
IMMIUNE MESponse
d HIY is emveloped virus containing one molecule of
single - stramded RNA and one molecule of reverse
Lramscriplase
Microbes in Human Welfare
When domesiic sewage mixes wilh fiver waler
FAIPMT MATHE 210]
a) Small animnals like rat will die afier drinking reeer water
b} The incremsed microbial aclivity releases
micronutrients sach as iron.
c) The increased microbial activity wses wp
dissolved oxygen
d} The river water is siill swilable for drinking as
imparilies are anly ahowi 01 per ceml
Select the correct statement [rom the following
JAIPMT PRI 2010
a) Nioges is produced by the activily of asmbic
bacieria om animal wasie
bl Methanobaderium is an aembic bacterinm found
in rumen of calile
c) Neogas, commonly called pobar gas, s poe methane
d} Activaled shedge sediment in setilement lank
al sewzge treatment plant is a right source of
asrobic bacteria
Read the [ollowing four salements {4 1o 10
JAIPMT MAINS 2012
a) Colosirom iz moommended for the new born
because it is rich in anligen
bl Chikongunyz is cosd by a gam negalive
asterimm
c) Tissue culure has proved useful in oblaiming
wirs-iree plants.
d} Ieer is manufactared by distillation of fermented
grape juice
Iiow many of the above stalements are wrong?
a) Three bl Four «clOme  d) Two
Which of the following are likely to be present in
doep oea water? [AIPMT 2013]
a) Anchachacteria bl Bubacieria
c) Blue - green algaes  d) Saprophytic fungi
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5. Iaring sewage treimenl, biogas are prodwced which

incledes

[AIPMT 204 5]

a) Methane, hydrogen salphide, carbon dioxide
b} Methane, oxygen, hydrogen salphide

)l Hydrogen sulphide, methane, sulphur dioxide
d} ydrogen sulphide, nitrogen, methanc

[AIPMT 2014]

al M-:ll‘n:n: and 0, oaly

b} Methane, bydrogen sulphide and CO,
) Methane, hydrogen sulphide and O,

4} Hydrogen sulphide and €0,

imporiance:

[RE-AIPMT 2015]

ﬁhg:u-smpm-du:udl:uuunh:ﬂdp

hhhﬂ11ltﬁ:ﬂmﬂng]:ﬂ.nfmmuhﬁirdﬂmr

a}Saccharonryces

(i1 Production of
immunosuppressive agents

hlMomass purpureus

{lﬂmﬂ&uﬂd‘ﬁm

) Trickaderma
polysporum

(it} ommercial

production of elhanol

d}Propionibacterim
shermanit

el Tiv) Gim) ml 1)
) Ceed Giid G i)
gl (&) G) (o) (i)
b) (ma) (iv) (1) (i)

B. Which ol the following is wrongly matched in the

given Lahle? [WIET - 1, 2016
[ Microbe Product Application
{a)Irichoederma | Cypcosporin A | Immumssuppressne &
polysponam g
(b Mommrons Btalime Limwrerimg ol Hood
DUTPRIERS cholesieml
{c) Streplococos | Siepiokimose | Removal of dot
from blocd vessel
{d)Clostridium | Lipase Remarval of il
Burtyicune shaims
9. Maich Column - | with Colamea - 1T and sedect the
cormect oplions using Lhe codes given below:
IMEET - IL 2014]
Colummn | Cohmn [1
A CiLric acid L. Trichoderma
A yclosporin A 2. Jostiridium
{2 5lalins 3. Aspergillus
[ Buiyric acid 1. Monoscus

a) A R A T2

by Al BoA, 22, 1:3
o} A Bed, 21, 12
dj A3, B, O, Ded

Chapter 10 - Biclechnology and Its Application
1. Cemclic engineering has been successfully osed [or
[AIPMT RE 2010]
a) Transgemic mice for lesling salely of polio

vaccine before vsed in humans
b} Tranzgenic models for siodying new ireaimenis

for cevlain cardiac diseases

producing
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c} Trnsgenic cow Rosie which produces high fai
milk for making ghee

d} Animals fike budls for farm work as they have
FUpCT power

Read the following foor salements (A o 1) abow

cerlain misiakes i tvwo ol them [AITPMT MATNS 200 ]

a) The lirsi transgenic balialo, Rosie produced milk
which was human alpha - kolalbomin enriched.

b} Resiriclion enzymes ase used in isolalion of A
from other macromolecules.

c) Downstrezm processing is one of the steps of
rIINA technology

d} Disarmed paihogen veclors are alsn wsed in
transfer of fYNA into the host

Which ol ithe two salemenis have mistakes?

a) Band C bd Cand 1}

cl Aand d) Aand B

The colonies ol recombinant bacteria appear white

in contrazi o blue colomies of non-recombinani

bacieria because al’ [AIPMET 2083)

b} Insertional inzciivation of a-galaciesidase in non-
recombinant bacieria

cl Inserlional inactivalion of o galaciosdaze in
recoenbinani bacieria,

d} Inzctivailion of glycosidese eneyme in recombinamt
bacieria

VWhich body of the Covernment of India regulates

(M research and safety of introducing (XM organism

for public services? [AIPMT 2015]

al o salety commiliee

b Indian council of agricolium] research

c} Genetic engineering approval commitiee

d} Research commitlee on Genetic manipulaiion

In gemclic engineering, a [MN5 sgmenl (gene) of

inlerest @ lranslerred bo the bost cell through a2

veclor. Consider the following foar agenis (A o 17)

ini this regand and select comect option abowl which

oz or mare of Lhese can be wsed 2= vecionfvectors.

JAIPMT MAIN 2010

A A bacteriom Bl Ma=mid

) Mazmodium 13} Bacleriophage

a} (Al (15} and (DY) onky b} (A} omly

cl (A) and () only d) (B} and {I}) only

Which one of the following mlindmomic base
sequences i [YMA can be easily cu al aboat the
middle by some pariicular restriction enzyme?
|ATPMT PRE 2010
a5 - CGRTTOG -3 3 -ANGETA -5
bY 5"-CIATATE -3 F CTACTA -5
) 5 -GAATTC -3 ¥ - CTTAAG-S
d} 5 -CACCTA -3 3 -CPCACT -5
Restriction endonocleases are enzymes which
[ATFMT PRIE 3010
a} Make cuts at specific positions within the DRA
minlecule.
bY Recognize 2 specific nudectide  sequence for
Binding of [INA ligase.

| ] S Dl Feaiegy Comroaiiion DuasSiers: DU rsd 24T
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) Resirict the action of the enzyme DMA polymerase.
d) Bemowve nucleciides frosn the ends of the 1THA
miolecule.

Slirmed - lank hiorezciors bave been designed for
[AIPMT PRE 2010]

a) Addiiion of preseratives of Lhe prodoct

b} Purifecation of the produc

) Ensuring anzerobic conditions in the cullure vessel

d} Availability of cxygen throsghout the process

There isa retriction endonudease clled FooRl. What

dives ‘oo part in it stand for? [AIPMT PRE 2011]

a) Coelom b} Cosnzyme

) Coli d} Calon

Which one is true stale regarding A polymerase

used in PUCRE [AIPRT PRIE 2002)

a} It is umed 40 ligte introduced DA in recipient cells

b} It serves as selectable marker

) It is i=olated [rom 2 vims

i It remains active al high lemperatare.

For trandormation, micro-partides ooaled wilh

[34A 1o he bombarded with gene gun are made uwp of

[AIPMT PEE 2012]

b Platinuwm or Xinc

d} Gold or Tungsten

a) Silver or Phtinum
) Silicon or Platinum

Chapter 11 - (rganizms and Population

1.

Which one of the lollowing is most appropriaicly

delined? LALPMT MAINS 2010]

a) Host is an coganism which provides food 1o
anolther organism.

b} Amensalism is a relationship in which one species
is bemefiled whereas the other is unaffected.

<} Predator is an organism that cabches amd kills
other organism for food

d} Parasile is an organsm which always lives insde
the body off other organism and may kil i&.

Sindy the foor stalements { | i 4} given below and select

the twn correct ones ool of them. [ ATIFMT PRI 2060]

a) A liom cxling a deer and a sparmow lecding on grain
are ecologically similar m being consumers.

b} Predator star fish Pisasier belps in mainlaining
species diversity of some imerichrales.

) Predabors ullimalely lead 1o the extindion of prey

EECEeE.
d) Prodoction of dhemicals =nch as  nicotine,
strychnine by the planis is metzbolic disorders.

The bwo correct slalements are

a) {B) and {C2} b} {Cyand (12}

<} (A) and (D)) d} (A) and (B)

Which two of the [ollowing changes [ | to 4) uslly
tend ko eocur in the phin dveellers when Lhey move o
high altitudes{ 3500 mor more]? | AT FRE 2010
A) Increaze in red blood cefl size

B} Increase inored blood cefl production

i)  Increased breathing rale

13} Increase in thrombocoybe counl

a) (B} amd {CC) b} () and {12}

<) (A} and (D) d} (A) and (B)

24T  MCOs for Higher Stedies
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4 Consider 1he [ollowing four conditions (A-1V) and
select the correct pair of them as adaplstion 1o
erviroamend in desert brands. | AIPMT PRI 2011]
The condilions
Al Burrowing in soil 1o escape high temperature.

I} Losing heal rapsdly from the body during high
lemperalure

(:} kask in sun when lemperatore is low

1} Insulating hody due 1o thick [aity dermis

a) (A} and {C) b} (B) and {13)

c) (A} and (B) d) (C) and (D)

5  People who bave migrated from the planes v an area

adjoining Rohlang Pas about six months back

JAIPMT PRE 2012]

ajHave more RBC and their hacmoglobin has a
lower binding affimity to 0,

b} Are not physically Gt 1o pley games like foothall

c) Suffer from allitode sickness with symptoms like
nausez, [atigae, i,

d} Hawe the nsns] RBC count but then haemoglobin
has wery high binding affinity 10 O,

t A biologit sudies the populaiion of ez in o bam
ke found that the zeerage naiality was 250, average
mortality i 24D, immigration is 2 and emigration o he
0 The nel incesse in populationis [AIPKT 2013
a) D b1z cibs  dj Fem

T, An associalion of individmls of different spocies
Living im the =ame hahii and having functional

@' inloraction i IRE-AIMPT 2015]
a} Biotic community b} Foosyslem
c) Population d) Ecologacal niche
B Causes principle of competitive exclosion states
ihat: INEET - 1, 2014]
al More abundant species will exchude the less
abundani species through compelilion

bY Competition for the same resoarces exchades
species having different food preflerences

c] Mo lwo species can ooapy the same niche
indefinitely for the same limiting resources

d) larger orgamisms  excdude smaller ones  theough
orrTpesLikiom

D When does the growih mie of 2 population fllowing

the logistic model equal zem? “The logistic model is

given as d¥ di=rM{-MK) INEET - 1, 2014]

a) When N/K is exacily one

b When M nears the carrying capacily of the habita

c]w}hm!'-l'm-uqtnismn

d} When dearth rie is greater than birth rale

Chapter 12 - Biodiversity and conservation
. Sclect the correct statement sbout biodiversity
JAIPMT MAINS 2012
a) Large scale planting of B colion has no adverse
effccl on biodiversty.
b) Western Ghaits have a very high degree of species
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richnezs and endemism

o) Conservation ol hiodiversity is just a fad pursuesd
ey the developed countries

d} The deserl arcas of Rajasthan and Cujari bave a
very high level of desert animal species as well as

numerous rare animals
Sacred gewves are specialby oseful | AIPM T MAINS 1012]
a} Preventing soil erosion
b} ¥ear- round Bow of waler in rivers
¢} Conserving rare and lhrealened species
db Ceperaling environmental awareness
The highest number ol spectes in the world s
represented by [AIPMT PRE 2012§
al Fungi b) Mosses ) Algae d) Lichens
Which of the following 1s nol wsed Gor ex sl plant
conseTvalion? [ATPMT PRE 2002)
a) Iiedd gene banks b} Seed banks
c) Shifting cullivation d} Bolanical gardens
[n which of the following bodh pairs have correct
combnalion? [AIPMT 2015)
a} In sitn conservation: National Park
Ex sitn conservation: Botanical Garden
b} In sy corservalkon: Crpepreservation
Ex st conservalbon: Wildhie Sancluary
} Ini sflu conservatbon: Secd Bank
Ex sHu conservalbon: Matbkonal park
d) Tn siiu conservalion: Tissee cullure
Ex sfu conservalion: Sacred groves
Cryopreservalion of gameles of threatened speches
in ¥iable and feriile conditon can be referred 1o
S [AIPMT 2015]
a) In sliu conservation of bodiverstly
b} Advanced ex sitn conservation of biodiversity
) In sl conservalion by sacred groves
d} In situ cryo-conservallon of biedversity
"The species confined 1o a partkcular region and nol
[ound elsewhere Istermed as  [RE-AIPMT 2015]
a) Allen b) Endemic ) Bare d) Keystone
Which ol the following Naitonal Parks Is home (o
Lhe famodus miussk deer or hangaP [NEET-11, 2016}
a) Randhavgarh Naltonal Park, Madhya Pradesh
i) Faglenest Wikdl i Sanctisary, Arunachal Pradesh
i) Mip:l:l Mational Park, Jammu & Kashmir
d} Eetbul Lamjso Nattonal Park, Manipur

Chapter 13 - Environmenlal Issoes

S

[ 15 a standard sbbreviation wsed for the
quantflative cxpresston of  [AIPMT PRE -2010]
aVlhe density of bacleria In a medium

b A particular poliutant

) The dominani bacilius in a cullure

d} A cerlaln pesticide

‘Which one of the lbkvwing expanded forms of Lhe
[ollowing acronyms Is cormecl? [AIPMT MRE-30T 1§

ERTRNIR TEaLEET | I



 —

a)UNEF | Un#led Mations Environmental Policy

biEPA | Environmental Pollution Agescy

CHACH | Infermational Union for Conservation

o Malure and Natural Resources

dNPCC | International Penal for dimate Change

3

In an zrea where [M¥T had been wsed extenstvely

the population of birds dedined significantly

hecaise

[AIPMT PRE-2002]

i} Birds stopped laying cggs

b} Larihworms in the area gol eradicaled.

c} Cobras were [eeding exclustvely on birds.

d) Many of the birds eggs, laid, did not hatch.

Mezxsuaring liochemical Orygen Demand (BOD) i=a

mizibod wsed lor [AIPMT PRI-200 2]

a} Estimating the amownt of organic matier in
sewage waler.

b} Working oul Lhe efliciency ol oil driven antomohile
CNFines.

c) Mezsuring the activity of sacdharomyces cerevisior
in procducing curd  on 2 commercial scales

d) Working oul the elficiency of RRCs aboot their
capacity L carry Daygen

A scrubber in the exhaust of a chemicl indosirial

planl remxes

a) Cases like sulphur dicxide.

b} Particulabe matter of the size 5 micrometer or

above.

c} Ciazes ltke ozone and methane

d) Particulate matier of the sire 2.5 micromeler o bes

| ] S Dl Fesiegy Comroaiiion DomeSers: Bl rsd  S4G
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& PBachel Carsons ampas book *Silent Spring’ is related
to [AIPMT-2015]
a) Pesticide pollution
b} Motse Pollation
) Popalation explosion
o} Ecosysiem managemenl
7. Increxsse in the concentmtion of the Foxian a
sucoessive lrophic levels is known as |RE ATPMT-2015]
a} Biodelerivration
k) Bléotranslormation
\ Bi <Fcati

B. A river with an inllew of domesiic sewnge rich in
organic wasle may resali o | NEET-1, 2016]
a) Dryimng of the river very soon due to algal bloom
b} Increased population ol aquatic [ood vweh organisms
ol An  increased  produciion of hsh due 1o

hiodegradable nuirients
d} Death of hsh due o ladk of oxygen
9. A lake which = rich in organic wasle may resuli in
[NEET-, 2146]
a) Drying of the lake due to algal bioom
b} Increased popalation of hzh due to lols ol nuirents
i Moriality of hish due to lack of oxygen

minerals
I The highest [MIT comcenlmtion in squalic food &
chain shall occur i [MEITT-TL, 20 16]
a) Seagull b} Crab
el d} Mhytoplankion

4% MCOs for Higher Stedies
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HIGHER SECONDARY SECOND YEAR
ZOOLOGY PRACTICALS

ZLoology Practical Manual
General Instruction

In order to get maximum benefit and good training it Is necessary for the
students to follow the following instructions.

1. The students must attend all practical classes. Fach experiment In
practicals has got important relevance to theory subjects.

2. Bring this practical manual to your practicals class.

3. Bring the following objects to the practicals class — Pencils (HB), Pen,
Eraser, a scale and a small hand towel.

@ 4. Record the title, date and findings of the experiment in the observation @
note book.

5. Carefully isten to the instructions given by your Teacher.

6. While observation slides or models draw the structure of the specimen
as you see It neatly iIn your observation note book. Use pencil for
drawing.

7. While doing experiments neither consull your netghbours nor look
Into their readings or observations.

E-_Ethqupdmdﬂlhemmﬂhuﬂmm
immediately bring it to the notice of the Teacher.

9. Do not touch or hifi the models or equipments kept for your
identification.

10.Diagrams to be drawn for Prepared slides only in the record note.
Relevant photographs can be collected and pasted for the other
sections.
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EXPERIMENTS
1. FERMENTATION BY YEAST

AIM
To find the variation in the process of fermentation by yeast in the given samples I, 1T and [IL

MATERIALS REQUIRED
s Glocose solution + Test tubes
» Palm sugar / Jaggery solution » Delivery tube
= Jaggery with salt / starch solution  « One holed rubber cork
» Yeast solution + Lime water

PRINCIPLE

Fermentation is an anaerobic metabolic process accompanied with effervescence. During
this process, sugar is converted into ethyl alcohol and €O, Yeast has an enzyme zymase
which catalyses the fermentation process.

CH0, T 2C,H,0H + 200,

Clucose Fibyl alcohaol
PROCEDURE
» Take 2ml of the given samples 1, 11 and 111 in three clean test tubes {labefled as 1,2 and 3)
& respectively. @

Add 2ml of yeast solution in all the test tubes and plug the tubes with cotton woal.

Wait while [ermentation takes place and note the time taken.

Appearance of effervescence in the test tube indicates that fermentation has taken place.
Remove the cotton wool and pass the gas through a delivery tube into a test tube
containing limewater.

» The lime water turns milky indicating that the gas evolved during fermentation is
carbon dioxide.

OBSERVATION

SLNOL SAMIME TIME TAKEN [NIERENCIE
I
s
3

INFERENCE

The variation in the time taken for fermentation to take place in the different sugar
solutions indicates that the simple sugars like glucose are fermented moch quicker than

the complex sugars.

PREPARATION OF YEAST SOLUTION
» 100m] of lukewarm distilled water + 10g of yeast granules.

252
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L DETERMINATION OF COLOUR AND pH IN THE GIVEN WATER SAMPLES
AIM

To investigate the colour and pH in the given water samples 1, 11,111 and thereby determining
the quality of water for consumption.

MATERIALS REQUIRED:
« pH paper and colour chart » Dropper ! glass rod
« Water samples » Test tubes
PRINCIPLE

The colour of water sample ranges from colourdess to green and yellowish brown
depending upon the planktonic growth and suspended solids.
The pH of a solotion is 2 measure of the concentration of hydrogen ions. The pH value can

vary from 0 to 14. Solutions with a pH between 0 and 7 are acidic, while those with a pH between
7 and 14 are basic. pH 7 is considered neotral

PROCEDURE
» Observe and tabulate the colour of the water samples 1, [1 and 11 taken in test tubes
against a white background.
& » Take the three different water solutions in separate test tubes and label them. @
« A piece of pH paper is dipped into the sample and compared with that of the colour on the
pH chart.
» The approximate pH value of the samples is thus determined and the results tabulated.
OBSERVATION
SLNO AAMME COLOUR OF THE SAMFLE pl1 OF THE SAMPLE
1 |
z Il
3 l
INFERENCE

= The pH of the sample is found to be

is it for consumption.

PRECAUTIONS

» Use only the standard colour chart supplied with the pH paper for assessing the pH value.
» Keep the pH strips away from chemicals.
= Either use fresh fine dropper or glass rod for each different sample, or wash the dropper or

rod well with water every time.

Since it is closer to the neutral pH, it

253
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‘3. MARKING OF WILDLIFE SANCTUARY AND NATIONAL PARKS IN INDIA MAP
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3. MARKING OF WILDLIFE SANCTUARY AND NATIONAL PARKS IN INDIA MAP

Mark the given Wildlife Sanctuary and National Park in the given map of India Write its
location and significance.

1. KAZIRANGA NATIONAL PARK

LOCATION: Golaghat and Nagaon districts of Assam

SIGNIFICANCE: Karirangs National park’s 430 square kilometer area sprinkled with
elephant-grass meadows, swampy lagoons, and dense forests is home to more than 2200 Indian
one-horned rhinoceros, approximately 2/3rd of their total world population. The park is the
breeding ground of dephants, wild water buffalo, and swamp deer. Over the time, the tiger
population has also increased in Kaziranga, and that's the reason why Kaziranga was declared as
Tiger Reserve in 2006.

2. POINT CALIMERE WILDLIFE AND BIRD SANCTUARY
LOCATION: Point Calimere (Kodiakkarai), Nagapattinam (dt)
SIGNIFICANCE: It was created for the conservation of near threatened species, Black buck
antelope, an endemic mammal species of India.
3. GIR NATIONAL PARK AND WILDLIFE SANCTUARY
@ LOCATION: Talala Gir in Gujarat @

SIGNIFICANCE: Gir is the only natural habitat of world popular Asiatic Lions. It cowers total
area of 1412 square kilometers of which 258 Km forms the core area of the National Park. The
Sambar is counted largest Indian Deer. The Gir forest is also known for the Chowsingha - the
world’s only four homed antelope. The Jackal, striped Hyena and Indian Fox are some of the
smaller carnivores found in Gir Forest.

4. PERIYAR WILDLIFE SANCTUARY
LOCATION: Kerala

SIGNIFICANCE: Apart from Elephants, the other animals to be seen in the Periyar sanctuary are
Gaur, Wild Pigs, S5ambar, Barking Deer, Mouse Deer, Dole or Indian Wild Dog and very rarely. a
Tiger. There are, now, an estimated 40 tigers here.

5. MUDUMALAI WILDLIFE SANCTUARY AND NATIONAL PARK

LOCATION: Nilgiri hills, Nilgiri District, TamilNadu (Shares boundary with the states of
Karnataka and Kerala).

SIGNIFICANCE The protected area is home to several endangered and vulnerable species
including Indian elephant, Bengal tiger, Gaur and Indian leopard. There are at least 266 species
of birds in the sanctuary, including critically endangered Indian white-rumped vulture and long-
billed vulture.

255
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4. HUMAN MENDELIAN TRAITS
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4. HUMAN MENDELIAN TRAITS

AIM

To assess the distribution of various genetic traits in a given population.

characiers were discussed.
: MY MY CENOTYPE
TRATT POSESIRLE ALLELES PHINOTY PE mﬁ
Clefichin | Have el (C)
Mo Cledl )
Thaircad | Cuody (1)
@ straight (h) &
Tongue Roller { T)
rolling MNon raller (1)
Dimples Dimple (130
No dimples (d)
liarkobes Free lobe {IF
Autached ([
Inierlocking | Lell thumb on top (1)
B Right thumb on wop (1)
Iandedness | Right (R)
Lefl {r)
Widow's | Widow's peak (W)
pezk Straighl (w)
Shape ol the | Crval ()
e Square (o)
Finger mid- | Ilair {84}
digital hair | Mo hair {m)
INFERENCE

MATERIALS REQUIRED

= List of traits
« 5heet of paper
PROCEDURE

» The students are divided into groups and the assessment of the various genetic traits are

done , first individually and then among themselves.
« The phenotype and the possible genotypes are recorded in the tabuolar column.

« Based on the occurrence of the traits , the frequency of the dominant and recessive

D¥iscuss and answer the following questions
1) Did you have mostly dominant or recessive traits?
2) For which trait were most students dominant?

3} For which trait were most students recessive?
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5. ABO BLOOD GROUPS - DEMONSTRATION EXPERIMENT

AIM
To find out the blood group of a classs / school students.
MATERIAL REQUIRED
1. Human blood sample 5. Spirit (70% alcohol)
2. Antiscra A and B 6. Sides / White tile
3. Antiscra D) 7. Cotion
4. Lancet 8. Mixing sticks
PRINCIPLE

The determination of ABO blood group is based on the agglutination reaction. The A, B
and Rh antigens present on the surface of the RBC react with the corresponding antibodies
(antisera) to form visible agglutination or clumping.

PROCEDURE
I. Takea clean dry slide / white tile and divide it into three divisions.
2. Wipe the middle finger with cotton moistened with 70% alcohol and allow to dry.
3. Prick disinfected area with sterile lancet.

& 4. Squeere the finger and allow a drop of blood to fall on each division of the slide/ white tile. i
5. Add one drop of antiserum into the appropriately labelled drop of blood on the slidef
white tile.

6. Mix serum and blood drops with the applicator stick.
7. Observe the mixtures for agglutination and record the blood groups.
8. Record the findings in a tabular form.

OBSERVATION

AniA |AntiB | AntiD | Blood Group

(+)-Agglutination | (-)-Non Agglutination

RESULT
The given blood is found tobe____group

WARNING: Use only sterlized hincets. Avoid using bell pins or other sharp objecis for pricking.
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A & B- PREPARED SLIDES
6. HUMAN S5PERM

IDENTIFICATION
'[ht:giwn slide is identified as Human Sperm.
COMMENTS

I. The human sperm is microscopic, flagellated and a motile male
gamete.

2. The sperm is compaosed of a head, neck, middle piece and a tail.

3. The head comprises of acrosome and nucleus.

4. The middle piece possesses mitochondria which produces
energy in the form of ATP molecules.

5. The tail is the longest part and is siender and tapering

@ 7. HUMAN OVUM

IDENTIFICATION
The given slide is identified a5 buman ovum.

COMMENTS

I. Human ovum i5 microscopic,
non-cleidoic and a  alecithal
female gamete.

.The ovam is surrounded by

three coverings mamely vitelline

Corna mcinim

Iomm Swiucice

Pedd

TP
Lt oy B

— MHuz @z

membrane, rona pellucida and
corona radiata.

SETTTATE CERLE

3. The cytoplasm of the egg is
called ooplasm and contains a
large nucleus called the germinal

vesicle.

4 The narrow space between the
vitelline membrane and zoma

pellocida is known as perivitelline space.
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8. PARAMECIUM - CONJUGATION

IDENTIFICATION
The given slide is identificd as Paramecium - Conjugation.
COMMENTS

1. Conjugation is a form of sexual reproduction,
wherein two individuals called conjugants
mutually exchange nuclear material and then

get separated.
2. The pellicle and cytoplasm at the point of
contact is broken and a protoplasmic bridge is

formed.

3. The large pronuclens acls as female pronuclens
and the smaller nuclens acts as male pronucleus.

4 The male pronudens mowves through the

protoplasmic bridge and fuses with the female
pronucleus Lo form the diploid nuclens.

@ 9. Entamocba histofylica &

IDENTIFICATION
The given slide is identified as Entamoeha histolytica.

COMMENTS
I. Entamocba is an endoparasitic

protozoan which causes
amorbiasis or amoebic dysentery.

2.It lives in the lumen of the
large intestine and feeds on the
epithelial cells.

3. The infective stage of this parasite
is the trophozoite.

4. The symptoms of amoebiasis are
ulceration, bleeding, abdominal

pain and stools with excess

TS,
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1. THYMUS- T.5

IDENTIFICATION
The given slide is identified as thymus gland - T 5.

COMMENTS

I. Thymus is a primary ymphoid
bilobed organ located behind the
sternum and above the heart.

2 It has many lobules separated
from each other by connective
tissue called septa.

3. Each lobule is differentiated into
an outer cortexand inner medulla.

4. Thymus gland is mainly involved
in proliferation and maturation

of T - cells {thymus dependent é__j

cell) and secretion of thymosin

Carba

hormone.
& 1. LYMPHNODE-T.S i)

IDENTIFICATION

The given slide is identified as lymph node - TS
COMMENTS

I. Lymph node is a small bean shaped
structure found along the course of
hymphatic duct.

2. Lymph node has three zones: cortex,
parecortex and medulla.

3. The cortex contains B lymphocytes,
macrophages and follicular dendritic
cells.

4. The medulla consists of sparsely
populated  B-lymphocytes,  which
secrete antibody molecules.

5. The paracortex zone lies between the
cortex and medulla and consists of richly populated T cells and dendritic cell.
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C - PRESERVED SPECIMENS
12. MUTUALISM - SEA ANEMONE ON HERMIT CRAB

[DENTIFICATION
The specimen is identified as 5ea anemone on hermit crab.
COMMENTS
I. Mutualism is an association of animals
where both species are benchited from
the interaction.
2. 'The hermit crabtakes shelter on an empty
molluscan shell, while the sea anemone
{a sedentary coclenterate) grows on the
shell.
3. The crab is protected from ils enemies by
the stinging cells found in the tentacles

of sea anemone, whereas the anemone is

transporied to procure its food.

13. COMMENSALISM - SUCKER FISH (ECHENEIS) ON SHARK

IDENTIFICATION
The specimen is identified as sucker fish (ECHENEIS) on shark.
COMMENTS

1. Commensalism is an association of two
or more species in which one derives
benefit, while other is neither benehted
nor harmed.

2. The dorsal fiin of suckerfish is modified
into a sucker - a sticky gripping structure
used to attach to the body of a larger hsh
such as shark

3. In this association the fish gets free
transport and food while the shark is
neither benefited nor harmed in the

associabion.
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D - PICTURES
14. RNA
IDENTIFICATION T
The given model i identified as t RNA {transfer RNA). :
COMMENTS

L. t RNA was formerly referred to as sRNA (soluble RNA)
2 Itis a type of RNA and has a clover leaf structure.

3.1t is a small RNA molecule, typically between 70 to 90
nucleotides in length.

4. It is an adapter molecule composed of RNA that serves as
the physical link between the mERMNA and the amino acid
sequence of proteins.

5. It transports activated amino acids from the cellular amino
acid pool to the site of protein synthesis.

15. HOMOLOGOUS ORGANS

IDENTIFICATION

The given picture is identified as homologous organs.
COMMENTS

I. Structures which are similar in origin but perform different functions are called homologous
structure.E.g. Fore limbs of terrestrial vertebrates bird, bat, whale, horse, and human.

2. The forelimbs of these e s aa e N e s e
Organisms perform
different functions, and

have similar anatomical

1€

structures such as humerus,
radins, olna, carpals
metacarpals and phalanpes.
3. In these animals same
structures develop along
different  directions due
to adaptations o different
needs. This is referred Lo as
divergent evolution.
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16. ANALOGOUS ORGANS

IDENTIFICATION

The given picture is identified as analogous organs.
COMMENTS

I. Organism having different structural patterns but similar function is termed as analogous
structure. E.g Wings of bird and insects {Butterfly, dragon fly).

2. The structures of %
these animals are mot
anatomically similar
though they periomm
similar functions.

3. The analogous structures
are developed due to
convergent evolution &
- different structures

evolving for the same

function.
@ 17. ANIMAL CLONING - DOLLY (SHEEP) &
IDENTIFICATION s
The given picture is identified as cloning of animal - bh-"e;
D'-I:I-“? {S].'I.EE‘FI":I L I-_’:H-I l B e i
COMMENTS o Q.-
o * -n'.n::rhm

I. Cloning is the process to produce genetically identical ' —— e
individuals of an organism either naturally or artificially. G "_',L_O

2. Dolly was the first mammal {(sheep) done developed by
[an Wilmut and Campbell in 1997.

3. Dolly was cloned from a differentiated somatic cell taken
from an adult animal without the process of feriilization.

4. In this process, the udder cells (somatic cells) of rrctact &y o

o b B Em

mammary gland from a donor sheep were isolated. An
ovum (cgg cell, germ cell) was taken from the ovary of
another sheep and enucleated.

5. The vdder cell and enudleated ovom were fused and
implanted into a surrogate mother. Five months later,
dolly was born.
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18. HUMAN INSULIN PRODUCTION- FLOWCHART

IDENTIFICATION
The given picture is identified as the low chart of Human Insulin Prodection.

COMMENTS o e IT@' E

I. Production of insulin & | S i
) R l.-:—-
by  recombinant < DNA — & . o i
- p— | ' o I
technology started in the late ot seiers ey oo "_l
19705, Fiscsranan g s e
2 . ; - O | —

2 This technique involved i . =

the insertion of human —— o ‘:

insulin  gene on the |® Q o "‘:'_

plasmids of E.coli. - o ey 1 s i

3. The inserted gene synthesizes the polypeptide chains A and B segments linked by a third
chain((C) as a precursor called Pre-Pro insulin.

4. The linking C chain is excised, leaving, A and B polypeptide chains.

5. Insulin was the frst ever pharmaceutical product of rDNA technology, administered to

humans.

E - GENETICS - KARYOTYPING
19. NORMAL HUMAN KARYOTYPE

IDENTIFICATION
The given photograph is identified as normal karyotype of human beings.

COMMENTS

I. Karyolyping is a technigue ‘! i
through which a complete set of A }“ H B ﬁﬁ ﬁ!;
chromosomes are separated from 1 2 5 Fl 5

a cell and are arranged in pairs.

2. A disgrammatic representation - Hji H?ﬁ ﬁaﬁ ﬁﬁ HH HH iﬂi

of chromosomes is called an

idiogram. o n“ n“ ﬁn. ﬁﬂ J":u.ri ﬁ‘h

3. There are 22 pairs of autosomes s
and a pair of allosomes F AR Xn G AN Al ﬁﬁ
{ XX- female, XY — male) arranged ? A A

based on their size, shape, banding pattern and position of centromere.
4_ It helps in gender identification and to detect genetic diseases.
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20. AUTOSOMAL ANOMALY - PATALRS SYNDROME

IDENTIFICATION
The given photograph is identified as Patau’s Syndrome.
COMMENTS " -
a & ﬂ"ﬂ ol B 4
I. It is one of the autosomal aneuploids  J78 ¢ 5 - ii ¥ 2 E
formed due to trisomic condition of ¢ i ¥ : & ,}E J
chromosome 13. % =R .,-'_!.! LI .
1 2 3 4 5
2. Itis caused by meiotic non-disjunction 1.. s b3 qs 1;_ B " i_.ﬂ
of chromosomes. L, i ..l.:' g{ 8 2 frt - Ei
o
3_The symptoms are multiple and severe :f; o 9 aa & ! £
body malformation with profound & r 8 9 10 n 12
- b B
mental deficiency. ;Ei : i HE -g e \ f
4 The individuals have small head | ¥2%= R g = e '
with small eyes, cleft palate and 13 14 12 16 17 L
malformation of brain. j‘r
CF t.- E .'5 '- :,. g-
19 20 21 22 ;4 ¥
& e

21. SEXCHROMOSOMAL ANOMALY - TURNER'S SYNDROME

IDENTIFICATION

The given photograph is identified as

Turner’s syndrome. ‘
COMMENTS

I. This genetic disorder is due to the loss of 1
an X chromosome resulting in a karyotype (

r1an0 'i" (r \r h 11 \(

2. Itis cansed due to meiotic non-disjunction

of allosomes. 7
3. These individuals are sterile female with .
short stature and webbed neck
4 They also have under developed breasts 13 14 15 16 17 18
and gonads with lack of menstrual cycle 5. {.-. b i
during puberty. - g . 5
X ¥
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F - PEDIGREE ANALYSIS
22. X - LINKED DISEASE - HAEMOPHILIA (BLEEDER'S DISEASE)

IDENTIFICATION
The given pedigree chart is identified as the genetic disease Haemophilia.
COMMENTS

I. Haemophilia or bleeder's disease (Royal disease) is the most notorious of all sex-linked
diseases. The person suffering from this disease bleeds for a long period (30 minutes 1o 24
hours) during injury due to the failure of blood coagulation.

2. It is caused by a recessive X - linked gene more common in men than women.

3. The females are carriers of the disease and would transmit the disease lo 50% of their sons
even if the male parent is normal

4_ It follows criss — cross or zig — zag pattern of inheritance (L., grandfather transmits his X
linked character to his grandson through carrier daughter).

B
.+« OMO0O 0 :
. (090 (I00-m
: moe

'D Mormal female

. Hemophilic female Normal male
{:’ Carrier female . Hemophilic male
DISCUSSION QUESTIONS
1. Observe the given pedigree chart and identify the affected individuals and carriers in the I1

generation.
2. Why arc men affected often in X linked inheritance?
3. What is the pattern of inheritance in the given pedigree chart?

4. Why are women said to be carriers in X linked inheritance?
5. How iz haemophilia cansed?
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23. AUTOSOMAL DISEASE -SICKLE CELL ANEMIA

IDENTIFICATION
The given pedigree chart is identified as the genetic disease sickle cell anaemia,
COMMENTS

L. It is an autosome linked recessive trait that can be transmitted from parents to the offspring.
if both the parents are carriers for the gene (heterozygous).

2. The genotype Hb* Hb® causes sickle cell anemia, while the genotype Hb* and Hb* individuals
appear apparently unaffected but they are carrier of the disease.

3. Sickle cell anemia is a classical example of point mutation.

4. The defect is caused by the substitution of Glutamic acid by valine at the sixth position of the
beta chain of the haemoglobin molecules.

| O

omoe
- mO O

DISCUSSION QUESTIONS
I. Observe the given pedigree chart and give reasons for the ocourrence of the disease in the

second generation.

2. Will males and females be equally affected in this type of inheritance? Give reasons.

3. What is the genotype of the diseased and carrier sickle sell individual?

4 How iz Sickle cell anemia disease caused?
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PROJECT WORK

L. Determine the universality of variations by studying thumb impressions in a given
population

a Collect around 15 — 25 thumb impressions from within the families of your area or
among classes of your school.

b. Identify and compare the eccurrence of the general patterns like circular (whorls),
loops and arches. Record your resulis in the form of "Bar diagram’ using frequencies
of the pattern collecied in a graph sheet.

. Eventhough many of them shared the same patiern of imprints, no two imprints were

il
i
3| Arches

2. Study the effect of a local industry on the environment
a. Select an industry in your area.
b. Take a detailed note of the source of energy used, raw materials (local or imported),
product formed etc.,
c. List the possible types of pollutants released by the industry{air/water/soil)
d. Check the safety measures undertaken by the management 1o comply with the
regulations set by the Pollution Control Board
3. Study the ecological role of some insects and birds in a given locality
a. Select an area in school or neighbourhood to observe insects and birds.
b. Study their role as pollinator, agent in seed dispersal, vector for transmission of
disease, predator, prey elc.,
4. Visil 1o a zoological park/wildhfe sanctuary in your locality
a. Observe the variety of birds and animals in the zoo.
b. Tabuolate based on the status — endemic, endangered, abundance etc.,

5. Visit to a nearby aquatic habitat

a. Select a nearby waterbody (lake or pond).
b. Observe the aquatic fauna and record yoor findings.
. Physico - chemical factors like pH, temperature, turbidity, salinity can aiso be noted.
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CLASS: X1T TIME: 2%Hrs

MARKS: 15

Analyse the given samples 1, [T and 11 for fermentation process. Write the aim, principle.
procedure and inference of the experiment.

{ Procedure — 1; Experiment- 1; Result — 1 =3)

Analyse the given water samples {LIT and 1) for colour and pH . Tabulate your results and find
out which water is suitable for consumption. (2)

Mark the location of the given Wildlife Sanctonary and National parks in India map Add a note
on its location and significance.

{or)
Mention any 4 Mendelian traits in your body and write their phenotype and genotype. (2)

4 a Identify the reproductive cell in slide A0 Give any 2 structural details with diagram

(V2 +%4+%=1 %)

b. Identify the given slide “B. Write any 2 diagnostic features with diagram (¥ 41640 =] 1)

Idemtify the type of animal association in the given specimen C’ and comment
on its interaction. (%+ 1=1 %)

Identify the given picture ‘D Write any 2 commenis. (Ya+ 1=1 %)
Identify the chromosomal abnormality in *EX Write any 2 characteristic features. (1}

Analyse and identify the genetic disease in the pedigree chart given in “F. Answer the given
questions. (1)

MOTE: Any relevant points and commeents apart from those provided in the practical manual must

also be considered for evaloation.
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SYLLABUS

L. REPRODUCTION
1. Human Sperm

2. Human ovam
3. Paramecium - conjugation

Il. GENETICS
1. ABO blood grouping
2. Analysing Mendelian traits in a given population
3. tRNA - Structiure

Homologous organs

Analogous organs

Mormal Human karyotype

Autosomal Anomaly — Patau’s Syndrome

Sex Chromosomal Anomaly - Turners Syndrome
9. Autosomal Disease —Sickle cell anemia

@& 10. X — Linked Disease - Haemophilia &

oMo e

III. HEALTH & DISEASES, IMMUNOLOGY AND MICROBES IN HUMAN
WELFARE

. Fermentation by yeast
2. Entamoeba histolytica

3. Thymus - TS
4. Lymph node - T5
IV. BIOTECHNOLOGY
I. Animal cloning - Dolly (Sheep)

2. Insulin production - Flowchart
V. ECOLOGY
1. Marking of Wildlife Sanctuary and Mational parks in India map
2. Determination of colour and pH in the given water samples
3. Mutualism - Sea anemone on hermit crab
4. Commensalism - Sucker fish (Echeneis) on shark
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