


CONTENTS

FOREWORD iii
PREFACE Uil
Unrr VI

REPRODUCTION 1-66
Chapter 1 : Reproduction in Organisms 3
Chapter 2 : Sexual Reproduction in Flowering Plants 19
Chapter 3 : Human Reproduction 42
Chapter 4 : Reproductive Health 57
Urar VII

GENETICS AND EVOLUTION 67-142
Chapter 5 : Principles of Inheritance and Variation 69
Chapter 6 : Molecular Basis of Inheritance 95
Chapter 7 : Evolution 126
Unir VIII

BioLoGgYy IN HumMaN WELFARE 143-190
Chapter 8 : Human Health and Disease 145
Chapter 9 : Strategies for Enhancement in 165

Food Production

Chapter 10 : Microbes in Human Welfare 179
Unit IX

BIOTECHNOLOGY 191-216
Chapter 11 : Biotechnology : Principles and Processes 193
Chapter 12 : Biotechnology and its Applications 207



Uwir XK

EcoLoGy

Chapter 13 :
Chapter 14 :
Chapter 15 :
Chapter 16 :

Organisms and Populations
Ecosystem
Biodiversity and Conservation

Environmental Issues

217-286

219
241
258
270



UNIT VI
REPRODUCTION

Chapter1 Biology in essence k the story oflife on earth. While individual
Reproduction in Grganisms organim: dis without fail, species continue to lve through

millions of years unlass thre atensd by natural or anthropogenic
Chapter2 extinction. Reproduction becomes o vital process without
SexualReproductionin wehich species cannot survive forlong. Each individual le aves
flowering Plants its progeny by asexual or sexual means. Sexual mode of

reproduction enakles creation of new variants, so that sursdval
advantage is enhanced. This unit examines the general
principles underlying reproductive process es in living organisme
and thern explains the details of this process in flowering plants
and humars o easy o relate representative examples. A related
perspective on human reproductive health and how
reproductive ill health can be gveided iz also presented to
complete curundestanding of biclogy of reproduction.

Chapter3
Hurman Reproduction

Chapterd
Reproductive Health




Born in Movemiber 1904 in Jaipuwr (Rajosthan) Panchanan idabeshi ar
roseto baecome one of the most distinguished botanists not onby of Indic
but of the entire world, He moved to Allahalbad for higher education
where he obtained his D.sc. During hie college days, he wes irspired
by D WY, Dudgeon, an American missionary teacher, to develop interest
in Botary ond especially morphology. His teacher once exprassed that
if bis student progress es ahead of kim, itwill give hirn g great satisfaction.
These worck encouraged Panchanan to enguire what he could do for
his teacher in return.

He worked on embryological aspects and popularised the e of
embryological chracters in taxonormy. He established the Departrment
of Botary, University of Delhi as an important centre of research in
emibryology and thsue culture, He dlso emphasised the needfor initication
of work on artificial culture of immature embryos. These dons, tissue
culture hee become o landmark in science. His work on test tube
fertils ation and intra-ovarian polination won worldwide acclaim.

He wos honoured with felowship of Rowal Society of London [FRS),
Indicn Mational Science Acadenry and several other irstitutions of
axcellence. He encouraged general education and made asignificant
contribution to school education by bk leadership in bringing out the
veary fist textbooks of Biology for Higher Secondary Schools published
ry MCERT im 1784,
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CHAPTER 1

REPRODUCTION IN ORGANISMS

1.1

1.2

Asaxual
Reproduction

Sexual
Reproduction

Each and every organism can live only for a certain period
of time. The period from birth to the natural death of an
organism represents its life span. Life spans of a few
organisms are given in Figure 1.1. Severalotherorganisms
are drawn for which you shouwld find out their life spans
and write in the spaces provided. Examine the life spans
of organisms represented in the Figure 1.1. Isn’t it both
interesting and intriguing to note that it may be as short
as a few days or as long as a few thousand years? Between
these two extremes are the life spans of most other living
organisms. You may note that life spans of organisms are
not necessarily correlated with their sizes; the sizes of
crows and parrots are not very different yet their life spans
show awide difference. Similarly, a mango tree has a much
shorter life span as compared to a pegpal tree. Whatever
be the life span, death of every Individual organism is a
certainty, 1.e., noindividual 1s immortal, except single-celled
organisms. Why do we say there is no natural death in
single-celled organisms? Given this reality, have you ever
wondered how vast number of plant and animal species
have existed on earth for several thousands of years? There
must be some processes in living organisms that ensure
this continuity. Yes, we are talking about reproduction,
something that we take for granted.
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Figure 1.1 Approcimate life spens of some orgerisms
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Reproduction iz defined az a bioledical procezs in which an
organizmgives rise to young ones (offzpringd similar to itzelf, The offzpring
grow, mature and in turm produce new offspring. Thus, there iz a cycle
ofbirth, growth and death. Reproduction enables the continuity of the
species, generation alter generation, You will study later in Chapter 5
(Frinciples of Inheritance and Variation) how genetic variation is created
and inherited during reproduction,

There iz 2 large diversity in the biological world and each ordaniam
hasz evolved itz own mechanizm to multiply and produce offspring,
The organizm’s habitat, its internal physiology and several other factors
are collectively responsible for how it reproduces. Baszed on whether
there iz participation of one organism or two in the process of
reproduction, it is of two types, When offapring iz produced by a zingle
parent with or without the involvement of gamete formation, the
reproduction iz asexual. When two parents (opposite sex) participate in
the reproductive process and also involwve fusion of male and female
gametes, it iz called sexnal reproeduction.

1.1 Asexual BEPRODUCTION

In this method, = single individual (parent] is capable of producing
offspring, As a result, the offspring that are produced are not only
identical to one ancther but are also exact copies of their parent,
Are these affspring likely to be genetically (dentical or different?
The term clone iz used to dezcribe such morphoelogically and
genetically zimilar individuals,

Figure 1.2 Cell division in unicellular organism: (a) Budding in
yeast; (b) Binary fiszion in Amosba

Lat us zee how widespread asexusal reproduction is, among different
groups of ordanisms, Asexual reproduction iz common among
zingle-celled ordanizms, and in plants and animals with relatively simple
organizations. In Protists and Monerans, the organism or the parent
cell divides into two to give rise to new individuals (Figurel .2). Thus,
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Figurel.3 Asexual reproductive structures: (a) Zoospores of chlamydomonas; (b) Conidia of
Penicillium; (c) Buds in Hydra: (d) Gemmules In sponge

In these organisms ecell division 1s itself a mode of reproduction. Many
single-celled organisms reproduce by binary fission, where a cell divides
Into two halves and each rapldly grows into an adult (e.g., Amoeba,
Paramectum). In yeast, the division 1s unequal and small buds are
produced that remain attached initially to the parent cell which,
eventually gets separated and mature into new yeast organisms (cells).

Members of the Kingdom Fung! and simple plants such as algae
reproduce through special asexual reproductive structures (Figure 1.3).
The most cormmon of these siructures are zoospores that usually are
microscopic motile structures. Other common asexual reproductive
structures are conidia (Penictilium), buds (Hydra) and gemmules (sponge).
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Figure 1.4 %Vegstative propagules in angiosperms: (a] Epes of potato; (Bl Fhizome of gingsr;
=) Bulbd of Agave; ([d] Leaf tuds of Bryaphyiuny (g Offset of weter hyacinth

Fow fuaee learnt about cegetaiive reproduction in plants n Class AL
Wt do yous think — Is cegetative reproduciion also o type of dsexmal
reproduction® Why do gouw say so0F [s the term done applicable (o the
aifspring formmed By cegetaiive reproduction?
Wihile ity anirnels ancd other sitple orgatd sms the term asesual iz 1secd
uhambigusasly. in plants, the term wegetatdve reprochaction is frequently
uzerl In plants, the units of vegetatlve propagation sich a5 TUNNET, )
thizome, sucker, tuber, offset, bulb ame all capable of giving riss tonew
offsprityg [Figurel 4], These structures ame called vegetative propagules.

Cbwicialy, since the formaticn of thes structues doss not involwe two
pamnts, the process involwedis asexual.

1
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o oo st hase heard about the scounge of the water bodie s or abont
the “termor of Berygal’. This is nothing it the aguatic plant “water hyacinth?
which iz ore of the most invasive weeds found growin g wherever there is
staticlitgg water. It draits cefpgen fom the water, which leads todeath of
fishes. Yo will learn more about itin Chapters 15 and 14 Fou magy find
it ititeresting to kow that this plant was introchl ced it Incia becal s of
itz beautifial flowers and shape ofleawes. Since it can propagate vegetatively
ata phenom etal rate and spread all over the water body it a short, period
of time, it is very difficalt to get rid off therm.

Afe toi aware how plants like potato, sugdarcane, batana, gingder,
dahlia are cdtivated? Have o seen small plants emerging from the
buads [called ejes] of the potato tuber, from the thizomes of batana and
gitger? When jou carefully try to determinge the site of origin of the new
plantlets in the plants listed abowe, poul will notice that they invariably
aris=s from the nodes present in the modified stem s of thess plants. When
the niodes come in cotitact with damp soi o water, they prochice roots
and new plants. Similarly, advwentitions buds arise from the notches
present at margins of leaves of Srgephyitum. This abilityis fully exploited
by garcleners and fammers for commercial propagation of such plants.

It isinteresting tonotethat asexual reprociiction is the common method
of eprmochuction in onfanizms that have a elatively simnple organisation,
like algas and fung and that they shift to seaual method of repmociuction
just before the ohset of adverze cohditions, Find out how sesxmoal
reproduction endafles these ofganizms fo suroe dunng unfaeotrable
conditions? Whi & sestal reproduction fasoured, under sudh condition sy
Azmaual [(vegetative) as well as seaial modes of mprochl ction are exlubited
b the higher plants. Cn the other hand, only seaial mode of epmcdiction
is present in most of the animals.

1.2 Bropral REPsoDonc Tion

Sexnal reprochi cticn ol ve s formation of the male and female gametes,
gither by the same indivichial or by different incdivicual s of the opposite
sex. These gametes fuse to form the =ygote which dewelops to form the
tiew orgatism. It is anelaborate, cofnples and slow process a5 compared
to azesal reprochiction. Becauss of the fusioh of male and female gatnetes,
seELal mpmocliction resalts in offspring that are not identical tothe parents
or anohgst thermsaslves.

A stucy of diverse organisms—plants animals or fung —show that
thoygh they differ so greatly in external morphology, internal stodchire
and physiology, when it comes to sexuwal mode of reproduction,
surprizngly, they sham a sitrilar pattern. Let u s first diz ciss what featues
are omrnoh o the s diverse orgaisma.

Al orfanisms have to reach a certain stage of growth and matarcityin
their life, before they can reprochace sexually. That period of gromwth is
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called the juvenile phase. It is lknown a5 vegetatlve phase in plants.
Thiz phaze is of variable curation s in different organisons.

The end of juvenils Segetative pha s which marks the beginning of
the reproclictive phaze canbe seeh easlyin the higher plants when they
corne o flower. Howe long does o fake for ramrigold,/Tice /et S coconu
tange pants te conee to fowoer? In sonee plants, where loloering ooours
rrore thoan onoe, Lohml el gos ool the nber floumering perod. — jusenils
oF ratire

Observe a few trees in jour area. Do they flower during the same
ronith fear after ear? Why do jou think the availability of frits like
rmarg, apple, jackinut, ete., is seasonal? Are there some plants that flower
throaghout the fear and some others that show seasonal fowering?
Flants—the annual and biennial typpes. show clear cut wegetative,
mEepmouctive and senescent thases, butin the perennial species it is very
difficult o cearly define these phases. A few plants exhibit tnusual
flowering phenormenoh, sofne of themm siich as bamboo species flower orly
oruee i thedr life tirne, generally after 50-100 years, produce large number
of fruits and die. Another plant, Strobdanthos ondoand heelalouraniil.
flowers onee in 12 fears. Az many of fpow would be nowing that this
plant flowered during September-October 2006, Its mass flowering
transiomned large tracks of hilly areas in Herala, Eammatalea and Tarmil
Maclu into blue stretehes and attracted a large number of toursts In
anitrials, the jutenile pha s iz followed by norphological and physiclogical
changes prior to active eproductive behawour The reprochactive phase
iz alsoof wariable duration in different offanisms.

Can gou st the cdhuanges seen o hoian, beings thot ane ndiombiee
OF reprodlictiie Rty ¥

Arongd animals, for example birds, do they lay egds all through the
year? Oris it a sasohal phehomenon® What about other animels like
frogs anc lizards? Yo will notice that, binds living in nature lay egds only
s2asotlally. Howeser, birds it captivity [as it poultoy farms] can be made
to lay egds throughout the jear In this case, laying egds is not relatec o
meprocduction bt iz a commrercial exploitation for huran welfare. The
fermales of placental marmmals exhibit cjclical chan ges in the a ctivities of
ovarie s atd accessofy cuicts as well as hormones chirin g the reprochl ctive
pha . In non-primate menomals e oows, sheep, rats, deers, dogs, tiger,
gte., sich cyclical chatge s during reprociuction are called oestrus cycle
where as in primates [monkeys, apes, and hurmans it is called menstrual
cycle. Iany manmnals, especially those living it natiral, wild cotcition s
exhibit such cycles only dunng favourable seasons in their reprochactive
phaze and are themiome called ssasohal breeders. any other manmals
are eprochy chively active throughout their reprochuctive phase andhence
are called contitiaci s bresders.

That we all groow old [(if we live long enmaghy), is something that we
recognise. Bt woiwat s freant by growing old? The end of reproductive

1
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phase can be considered as one of the parameters of senescence or old
age. There are concomitant changes in the body (like slowing of
metabolism, etc.) during this last phase of life span. Old age ultimately
leads to death.

In both plants and animals, hormones are responsible for the
transitions between the three phases. Interaction between hormones and
certain environmental factors regulate the reproductive processes and
the associated behavioural expressions of organisms.

Events in sexual reproduction : Afterattainment of maturity, all sexually
reproducing organisms exhibit events and processes that have remarkable
fundamental similarity, eventhough the structures associated with sexual
reproduction are indeed very different. The events of sexual reproduction
though elaborate and complex, follow a regular sequence. Sexual
reproduction is characterised by the fusion (or fertilisation) of the male and
female gametes, the formation of zygote and embiyogenesis. For convenience
these sequential events may be grouped into three distinct stages namely,
the pre-fertilisation, fertilisation and the post-fertilisation events.

1.2.1 Pre-fertilisation Events

These include all the events of sexual reproduction prior to the fusion of
gametes. The two main pre-fertilisation events are gametogenesis and
gamete transfer.

1.2.1.1 Gametogenesis

Asvyou are already aware gametogenesis refers to the process of formation
of the two types of gametes — male and female. Gametes are haploid
cells. In some algae the two gametes are so similar in appearance
that it is not possible to categorise them into male and female gametes.

(b) (c)

Figure 1.5 Types of gametes: (a) Isogametes of Cladophora (an alga); Heterogametes
(b) Fucus (an alga); (c¢) Human beings
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They am hence, are called homogametes [Isogametes) [Figure 1.5a).
Howeser, in a majority of seaally repmociicing ofganisms the fgamretes
procuced are of two morphologically distinet types (heterogametes).
such organisms the male gamete is called the antherozold or sperm
atidl the ferale gamete is called the egyg or ovum [(Figurel. &b, ¢).
Sexuallty In organisms: Sezual repmchaction in organd sms generally
itwolve s the flsion of Jametes o two different indivichials Bat this
is niot always trie.  Frofm gour recolledion of eoamples studied in
Class Al oo gots identify odses where selffertiisaiion s obseroed? Of
coArse, citing such exarmnples i plants iseasy.

Flants maj have both male and femmale reprociuctive stractures in the
sarre plant [biseaual) Figurs 1.6 ¢, &) or on different plants [(Lnd sl
[Figume 1.6d]. I seweral fung and plants, terms such as homothalle
and monoecious are used to denote the bisexual concdition and
heterothallic and dioeclous are the terms sed to desoribe unizesal
cotuclitioty . In flowerit g platit s, the tnizexial male ower is staminate,
ie., bearng stamens, while the fermale iz plstillate or bearing pistils. In
somne flowering plant s, both male and female flowers may be presstt oh
the same indivichial [nohoecioil s of o separate individuals [icice dous).
Sorne exaniples of monoecious plants are cucurbits and coconuts and of
cicedous plants are papaja and date palin Nagme the type of ganetes
ot are Jorrmed o staminate anod plsbilote floer s,

Butwhat about animals? Are indivichials of all species either male or
fermale [unisexmal]? Or are there species which possess both the
reprocuctive organs [blsexual)? Youw probably can mmake o st
of seteral LniEexLal animd species. BEarthwormms, [Figure 1.6 a) sponge,
tapewormn andlesch, tFpical examples of bismanal anifnals that pos=ss
both male and female reprocuctive ordans, are hermaphrodiies.
Coclroach [(Figure 1,60 is an example of a unizezal species.

Cell divislon during gameie formation : Garretes in all heterogametic
speries are of twotipe s namely, male and female. Garnetes ame haploid
thioygh the parent platt bocy fromn which they ani & ey be either haploid
or diploicl. A haploid parent prociutce s gamretes by omtotic division. Does
this meean Gl el 505 neceT ooclrs N ofganisms thet are fuaploids
Carefully exarmine the flow charts of life cpcles of algae that o have
studliec in Class AT [Chapter 3) to get a suitable answer.

Beveral orfatisims belongditg to mohera, fungi. algae and brpophites
hawve haplodd plant bocly, but organisms belonging to preridophytes,
ETnospens, angospermms and most of the animals incduding human
beitigs, the parenital bocyis diplodd. Itisobwious that meioss, the rechiction
clivizice, has to ocoarif a diploid body has to procduce haploid gamretes.

I chiplodd or gatiiamns, speialised cells calledmedocytes (Garmete mother
cell] undergomeiosiz. At the end of medosis, ofly one setof chiomosone s

-
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Figure 1.6 Diversity of semaality in organisms (2] Bisemmaal animal (Earthworn); (b Unisexel
anirnal [Cockrozch); (o] Moncecious plant [Thara) (d] Dioecious plant (W archam i)
(=] Bisstmial flower [swaest potato]
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Table 1.1: Chromosome Numbers in Meiocytes (diploid, 2n) and Gametes
(haploid, n) of Some Organisms. Fill in the Blank Spares

i Name of organizm Chromosome number Clhromosome number

in meioeste (2n) in gamete (n)
Hurnar beings 465 23
Hause fiy 12 —
Bat — 21
Llag e —
Ciad — 14
Frutt fiy g —
Ophiagoszur @ ferm) — B30
Apple 24 —
Rice — 1z
Maiz e 20 —
Fatmta — 24
Butterfiy 350 —
Cirlan: — 16

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

fEets incorporated into each gamete. Carefully stucly Table 1.1 and il in
the diplodid and haploid chiomosorne fmnbers of organisoms. [s there ang
relationship in the nuseber of chromesomes of melooyies and garete sy

1.2.1.2 Garnete Trors fer

After their formation. male and female gametes must be physcally
brought together to facilitate fuszion [fertilization]. Have yoo ecer
toondered. hots the gametes meel? In a majority of organisms, mals
garnete iz motile and the femmale gamete is stationary. Exception s are a
few fungi and algae in which both types of gametes are ootile
Figurel.7a). There iz a need fof a medivm throwgh which the male
gametes move. In several sitople plants like algas, bryophites and
preridophytes, wateris the medium thooigh which this Jamete transfer
takes place. Alarge number of the male gametes, however, fail to reach
the female ganetes. To competzate this Ioss of male Jgametes during
transport, the nurmber of male gametes produced is several thousand
titnes the tuirmber of femnale gamete s prociced.

In seed plants, pollen grains are the carmers of male ganetes and
orile hase the egdg, Pollen grains procuced in anthers therefore, hase 1o

1
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Figure 1.7 (a) Homogametic contact in
alga; (b) Germinating pollen

B OEY

be transferred to the stigma before it can lead to
fertilisation (Figure 1.7h). In bisexual, self-fertilising
plants, e.g., peas, transfer of pollen grains to the stigma
lsrelatively easy as anthers and stigia are located close
to each other; pollen grains soon after they are shed,
come In contact with the stigma. But In cross
pollinating plants (Including dioecious plants). a
individual SPeclalised event called pollination facilitates transfer
of pollen grains to the stigma. Pollen grains germinate
on the stigma and the pollen tubes carrying the male
gametes reach the ovule and discharge male gametes
near the egg. In dioecious animals, since male and
female gametes are formed in different individuals, the
organism must evolve a speclal mechanism for gamete
transfer. Successful transfer and coming together of
gametes is essential for the most critical event in sexual
reproduction, the fertilisation.

1.2.2 Fertilisation

The most vital event of sexual reproduction is perhaps
the fusion of gametes. This process called syngamy
results In the formation of a diploid zygote. The term
fertilisation 1s also often used for this process. The
terms syngamy and fertilisation are frequently used
though , Interchangeably.

What would happen if syngamy does not occur?

However, it has to be mentioned here that in some
organisms like rotifers, honeybees and even some lizards
and birds (turkey). the female gamete undergoes
development to form new organisms without fertilisation.

grains on the stigma of aflower This phenomenon is called parthenogenesis.

Where does syngamy occur? In most aquatic
organisms,. such as a majority of algae and fishes as well as amphiblans,
syngamy occurs in the external medium (water). 1.e., outside the body of
the organism. This type of gametic fusion is called external fertilisation.
Organisms exhiblting external fertilisation show great synchrony between
the sexes and release a large number of gametes into the surrounding
medium (water) in order to enhance the chances of syngamy. This happens
in the bony fishes and frogs where a large number of offspring are
produced. A major disadvantage 1s that the offspring are extremely
vulnerable to predators threatening thelr survival up to adulthood.

In many terrestrial organisms, belonging to fungl, higher animals such
as reptiles birds. mammals and in a majority of plants (bryophytes,
pteridophytes, gymnosperms and anglosperms), syngamy occurs inside
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the bocky of the onganismn, henee the proce 55 is called intema 1 fertiisation.
Ith all thess orgat smns, edl is formed inside the female body where they
fise with the male gamete. In organisms exhibiting internal fertilisation,
the male gamete is ootile ahd has o each the egg in order to fse with it
In these even though the number of sperns procluced is very large, there
iz a sgnificant reciiction in the namber of egd s prociced. [ seed plants,
howeser, the non -motile male gametes are carmed to female gamete by
pollet tubes.

1.2. 3 Pust-fertilisa ion Events

Erents in seaal reprociction after the formation of sydote are called
posi-feriilisaiion evenis

1.2.8.1 The Eygote

Formation of the diploid sydote iz universal in all sexually reprocucing
organisms, In organisms with eaternal fertili sation, zpgote is formed in
the external medinm [usually water], whereas in those exhibiting intermnal
fertili sation, zydote is formed inside the body of the organism

Further deselopmrent of the mydote depencls on the tipe of life cycle
the orgatism has and the environment it is exposed to. In onganismns
belonhgitng tofug and alfae, oygote cevelops a thick wall thatis mes stant
to dessicationn and damagde. It undergoss a period of rest before
germinaticty. In offanisms with haplontic life cyoe (A5 o have read
in Class X, gpgote divides by meiosis to formhaploid spoms that grow
itito haploid indivduals. Consull gour Slass A Peak and, find, oul Lohel
kind of deceloprrent takes place inthe 2ggote (0 organists it diploniic
and furplo-diplontic ke ajcles

Zydote is the wital link that ensures continuity of species
betweetl ofgatisms of ohe geheration and the next. Esery sesually
meprocicing organism, including human beings begin life as a singles
cell-the sydte.

1.2.5.2 Embyogenests

Embryogenesis refers to the process of desweloproent of embryo from the
opgote. During ermbrjogene sis, ygote undergos s cell division [fritosis)
ancd cell differen tia ilon. While =1l ditisions increase the number of 2lls
it1 the developing ermbrio; cell diferentiation helps groups of cells to
undergo certain mocifi cations 1o form specialised tissues and organs to
formm an ofganism ¥ou hase stucdied about the process of cell disdzion
andl differenti ation in the prewous class.

Animmals are categonizd into oviparous and vidparous based on
whether the cevelopment of the sygote take place outside the body of the
fermale parent or inside, i.e.. whether theylay fertilised funfertilised egds
or give birth tofouang ones. h owpanos anifnals like eptiles and birds,

-
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the fertilised eggs covered by hard calcareous shell are laid in a safe
place in the environment; after a period of incubation young ones hatch
out. On the other hand, in viviparous animals (majority of mammals
including human beings), the zygote develops into a young one inside
the body of the female organism. After attaining a certain stage of growth.
the young ones are delivered out of the body of the female organism.
Because of proper embryonic care and protection, the chances of survival
of young ones is greater in viviparous organisms.

In flowering plants, the zygote is formed inside the ovule. After
fertilisation the sepals, petals and stamens of the flower wither and fall
off. Can you name a plant (n which the sepals remain attached? The
pistil however, remains attached to the plant. The zygote develops into
the embryo and the ovules develop into the seed. The ovary develops into
the fruit which develops a thick wall called pericarp that is protective in
function (Figure 1.8). After dispersal, seeds germinate under favourable
conditions to produce new plants.

Figure 1.8 A few kinds of fruit showing seeds (8) and
protective pericarp(P)

SUMMARY

Reproduction enahbles a species to live generation after generation.
Reproduction in organisms can be breadly classified into asexual and
sexual reproduction. Asexual reproduction does not involve the
formation or fusion of gametes. It is common in organisms that have a
relatively simple organisation such as the fungi, algae and some
invertebrate animals. The offspring formed by asexual reproduction
are identical and are referred to as clones. Zoospores, conidia, ete., are
the most common asexual structures formed in several algae and fungi.
Budding and gemmule formation are the common asexual methods
seen in animals.

Prokaryotes and unicellular organisms reproduce asexually by
cell division or binary fission of the parent cell. In several aquatic and
terrestrial species of angiosperms, structures such as runners,
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rhisomes, suckers, tubers, offssts, etc, are capable of giving rise to
new offspring. This method of asexuwal reprodustion is gensrally
referred to 2= wegetative propagation.

fearmial reproducton immolves the formation and fusion of gammetes,
Itis & complex ard slowser process as compered to asenial reproduction
Most of the higher animals reproduce almost entively by ssnal method.
Ewerts of sstuel reproduction map be categorised inbo pre-fertilisstion,
fertilisstion and post-fertilisation events. Fre-fertilization events inclhuds
gametogeresis and gamete transfer while post-fertilisation events
include the formation of spgote axd embrypo

Qrganisms may be bissnial or umisewsl. EE:{ualit_rr' it plants is
waried, particularly in angiosperms, due to the production of diverss
types of flowers. Flants are defined as moncecious ard dioecious.
Flhbwers may be bissmal or tnisssriad flowers .

Gametes 2re haphid in netare shd v=aelly 2 direct prodact of meEotic
dini=zion in i, v are frmed by mitosis.

‘I!ransﬁa’amlinf mai;hipbidgametﬁgm?anfi m&ﬁrﬂe{:ﬁm it sexasl rzgmdmﬁnn
It i= relatively easy in bisswie] orgenistns. In uniserial andmals it oooars
by copulation or sirmualtanenis releass. In angiosperms, aspecial process
called pollination ersures transfer of pollen graits which camy the pollen
grains to the stigma.

Synygarny fertilization) ocours betwasen the male and femn sle garnetes.
Syrgarny map ooour sither externally, outside the body of orgamnisns or
intermally, inside the body. Syngamy leads to formation of & specialised
cEll called spgote.

The process of developroent of embrypo from the spgote is called
embrpogernesis. In animals, the spgote starts deweloping sooh ather its
formatior. fAnimals may be sither oviparows or viviperows. Embrponsl
protection ard care are betfer in wWiparous orgarismns.

Inu floweering plarts, after fartilization, ovary develops into frat and
ovales matire into seeds. Inside the matire seed is the progenitor of

the newt gereratiorn, the embrpo.

EXERCIES

Tihy is reproduction essetial for organistns?
Tihich iz a better mode of reproduction ssoaal or asewnel? Why?

suriival. Why? Is this statemnent alwaps tras?
those formed by sesasl reproducton?

reproduction slso considered 2= 2 type of a=se]l reproduction®

Tl i= the offspring formed by assie] reproduction refermed o 25 clore?
Offspring formed dus to sesnael reproduction hawve better chances of

How does the progeny  formed from assxuel reproduction diffsr from

Dristinghish betvesn asesaal and ssousl reproduction. Why is vegstative

-
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lihat iz vwegdetative propagation? Give two suitable examples.
Define

[z] Juvenile phase,

(bl Feproductive phass,

=] Zerescent phass.

Higher organistns heve resorted o sewuael reproduction in spite of its
commplemty. Why?

Explain why meiosis and gametogenssis are alwayps interlinked?

Idertify each part in a flowering plant and write whether it is haplod
() or diploid 2.

2] Cvary

b] Anther

=] Egg

(d] Pollen

(2] Idale gamets
[f] Zpgote
Defire externel fertilisation Mention its disadvwarntages.
Differentiate betueen & soospore and 2 opgote.
Differentiate betwsssn gametogeresis from embrpogenesis.
Diescribe the post-fertilisation changes in a floter.

that iz a bisexual flower? Collect five biserwal flowers from pour
teighbourbood and with the help of pour teacher find out their comnrmon
and soientific nemes.

Examire a few flowers of any cucurbit plant and trp to identify the
staminate and pistillate flovers. Do pou lmow =y other plant that
bears uniserual flowers?

thy are offspring of oviparowes animals at 2 grester msk as compared
to offspring of siviparons animals?




CHAPTER 2

SEXUAL REPRODUCTION IN
FLOWERING PLANTS

ZI  Flower— AFas cnating
Orgearn of Angiospermns
22  Fre-fertifsation : Structures Are we not luclky that plants reproduce seanally? The
adErents ryriads of dower s that we ehjoy gazing at, the scent s acd
the perfumes that we swoot over, the rich colours that
23 Deuble Fertilisatian attract us, am all there as an aid to sexual reprocu ction,
Zd  Post-fertils afon, Structures Flowers do not exist only for ws 1o be wsed for our own
andluents selfishriess. Al flowering plants show sesal reprociiactio.
o Alock at the diversity of stouctures of the inflores cence s,
25 ;it;?:; Td’ flowers and floral parts, shows an amazing rangs of
Ry adaptations to ensure fomnation of the end proochacts of
seEal reprociction, the fruits and seeds. Inthis chapler,
Iet 1us uncerstanc the moorphology, structume ancd the
processes of seaual reprochiction in flowering platts

[anginsperts).

2.1 Frowss -- M Fancinatine COiecasy oF
i Sty Py e £ T

Hurman beings have had an infimate relationship with
flowers since time inmemorial. Flowers ame objects of
aesthetic, ornamental, socdal, eligiou s and cultural value
— they have always been used as sypmbols for conveying
important hurman feelings such as love, affection,
happiness, grief, mouarning, etc. Listafb least fee flouners
of arnadfrental oalie that ane coftondy culbicated af
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Figure 2.1 4 disgrammatic representation of L3, of a flover

foties and in gardans, Find ook the natees oF five fore folosr s that are
Limed, (N secial and codicenal celebrations nogour Famdy,  Hace got fuearnd
aof Roricudtnre — wohal does o refer to?

To a biologist, flowers are norpholodical and embryologicsl marels
and the sites of sexiial repmodiction. In class &, you haveread the varion s
parts of a flower. Figure 2.1 will help jou recall the parts of a tppical
flower, Can ¥oi fiame the two parts it a fdower in which the two oost
irnport ant units of seaual eproduction desvelop?

2.5 Pup-FERITIESATION: BrRionymRes ann DusnTs

Iiuch before the actual flower is s2en on a plant, thedecizion that the plant
iz gritid toflower has taleen place. Several hormonal and strictiral chatges
are initiated which lead to the differentiation and further developrrent of
the floral primoamliam nflores cetces are formed which bear the floral buads
and then the flowers. In the flower the male and ferele reprochuctive
structures, the androecivm and the ginoedum differentiate and deselop.
T wold ecollect that the ancooecium conssts of a whorl of starens
representing the male mpmcuctive organ and the grnoeciumm mpeEsents
the fernale reprociictive ongat.



TEMPAI REFRODIEECTHOMN IN FUOWERING PLANTE

2.2.1 Stamen, Microsperanginm and Pollen Grain

Figure 2.2a shows the two parts of a typical stamen —the long and slender
stallt called the Alament, and the terminal generally bilobed structure
callec] the anther. The proaimal end of the flament
is attached to the thalarmiz or the petal of the
flower. The number and length of starens are
wariable it fiowers of different speces. If o wem
tomllect 2 stamren each fomten flowers [each ffom
cifferent specis s atd amratge therm on a slide, jou
wild be able to appreciate the large variation in
siTe seen it hature. Carefill observation of each
stamret under a diszecting nucroscope and maling
tieat diagrams wolld elicidate the range it shape
atd attachrrent of anthers in different owers.

A typical angiospertn anther is dlobed with
gachlobe having twotheca, i.g., they ae dithecous
[Fignre 2.4]. Often a lotgitudinal groowe nins
letdthwize separatitgg the theca. Let s understand
the wariois types of Hssues and their onganization
it1the transverse section of an anther [Fygare 2.3 3],
The bilobed nature of an anther is wery distinet in
the transverse sction of the anther. The antheris
a four -zided fetragonal] structure consisting of
foir microsporangla located at the cormers, two
ity each lobe.

The microsporangia develop further and
becomre pollen sacs. They extend longitucinally

all thimoia gh the length of an anther and are packed Figure 2.2 (z) & typical stamen;

with pollen grains. [b) three—dimmensions] ot section

Structure of microsporangium : In 2 tran sverse of 2t anther

secticn, a typical microsporat@iim Appears near

citeilar i outline. It iz generally surnoundec by four wall layers
[Figure 2.3 b - the epicleris, endotheciam, middle layers and the tapetanm
The outer three walllagers performn the futiction of protectior and helpin
cehiscence of anther to elease the pollen. The innermoost wall lager is the
tapetum. It nourizhes the developing pollen grait . Cells of the tapetiim
possess dense cytoplasm and generally have more than one nuceus. Con
yors thundc ar s trpedal cells coudd Becotine Binucdeate?

Wihen the anther is joung, a group of copactly ammanged horogdenoas
cells called the sporogenous tissue occupies the centre of each
iCTOspOr gt
Microsporogenesls : Az the anther desvelop s, the cells of the spomgetisils
tizsue wndergo rmeiotic divizions toformod crospore tetrads. TWhat voocdd,
ke the ploidy of the cells of the tetrad?

-
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(2] Transverse section of a mature anther; (B Enlsrged wew of one microsporarginm
shomwitng wall lapers; o) & dehisced anther

Az gach cell of the spomgenois tissie is capable of giving rize toa
rricrospore tetrad. Each one iz a potential pollen or microspore rmother
cell [FRIC). The pmoces s of formmation of microspore s from a pollen mother
cell thiogh meiosiz is called microsporogenesls. The microspores, as
they am formed, are arranged it a clister of four cells —the microspore
tetrad (Figare 2.3 2). Asthe anthers mature and cehjcrate, the mioospoe s
dissociate from each ather and deselop into pollen grains [Figum 2.3 b,
Insce each microsporangium several thousancs of i coospores or pollen
grains are formed that are released with the dehiscence of anther
[Figume 2.3 c].

Pollen grain : The pollen grait s represent the male gametophites. If ol
toach the opened anthers of Hibizcusor any other flower gon wodd find
deposition of yellowizh powdery pollen grait s of our fingers. Sprinkle
these grain s on a dmop of water taken on a glass slide and observe under
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Figure 2.4 Scanning slzetron micrographs of a faw polan graimns

amicroscope. You will really be amazed at the veriety of architecture —

sizez, shapes, colours, designs — seen on the pollen grains
from different species (Figure 2. 4],

Pollen grains are generally spherical messuring about
S -E0micrometers in dismeter. It has a prominent two-layered
wmll, The hard outer layer called the exine iz made up of
sporopollenin which iz one of themost res stant organic materi=l
Erowa, It can withstend high temperatures and strong acids
arnd allzali, No enzyme that degrades sporopollenin iz 2o far
Eruowan, Pollen grain exdne has prominent apertures called germ
pores where sporopollenin iz abeent, FPollen grains sre well-
preserved asfozsls because of the presence of sporopollenin,
The exdne exhibitz a fascinating srray of pattermns and designs,
Why do you think the exine should be hord? What s the
Jtrnetion, of germ pore¥ The inner wall of the pollen grain is
called theintine. It iz athin snd continaous lagyer made up of
celluloze and pectin, The cytoplasm of pollen grain is
surrounded by a plasma membrane, When the pollen grainis
mahare it contains two cells, the vegetative cell snd generative
cell [Figure 2.5h). The wvegetative cell iz bigger, has abundarnt
food reserve and a large irregularly shaped rmacleus, The
generative cell iz small and floats in the cytoplasm of the
wegetative cell, It iz spindle shaped with dense cytoplasm and
anucleus, In over G0 per cent of angiospermas, palen grains
are ghed at thiz 3-celled ztage. In the remaining species, the
generative cell divides mitotically to giverizeto the two male
gametes before pollen grains are shed [3-celled stage]

Fignre 2.5 [a] Enlargzd wiew of
a pollen grain tetrad; (bl stages
of 2 micTospors maturing into a
pollzn grain

Pollen grains of many species cause severe allergies and bronchial T

afflictions in some people often leading to chronic respiratory
dizorders—aszthmna, bronchitis, etc. It maybe mentioned that Poathenicon
or cerrot grass that came into ndia as a contaminant with imported wheat,
haz becore ubiquitous in ocourrence and causes pollen allergy,
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Pollen grains are rich in nutrients. It has become a fashion in recent
years to use pollen tablets as food supplements. In western countries, a
large number of pollen products in the form of tablets and syrups are
available in the market. Pollen consumption has been claimed to increase
the performance of athletes and race horses (Figure 2.6).

Pollen Products 3 0 i

s Bee Pollen

from England

Natural Bee- collected Pollen
in Tiny Golden Pods

A natural food from honey bees
NET WEIGHT .45 OZ.

Figure 2.6 Pollen products

When once they are shed, pollen grains have to land on the stigma
before they lose viability if they have to bring about fertilisation. How long
do you think the pollen grains retain viability? The period for which pollen
grains remain viable is highly variable and to some extent depends on the
prevailing temperature and humidity. In some cereals such as rice and
wheat, pollen grains lose viability within 30 minutes of their release, and
in some members of Rosaceae, Leguminoseae and Solanaceae, they
maintain viability for months. You may have heard of storing semen/
sperms of many animals including humans for artificial insemination. It
is possible to store pollen grains of a large number of species for years in
liquid nitrogen (-196°C). Such stored pollen can be used as pollen banks,
similar to seed banks, in crop breeding programmes.

2.2.2 The Pistil, Megasporangium {(ovule] and Embryo sac

The gynoecium represents the female reproductive part of the flower. The
gynoecium may consist of a single pistil (monocarpellary) or may have
more than one pistil (multicarpellary). When there are more than one,
the pistils may be fused together (syncarpous) (Figure 2.7b) or may be
free (apocarpous) (Figure 2.7c). Each pistil has three parts (Figure 2.7a),
the stigma, style and ovary. The stigma serves as a landing platform
for pollen grains. The style is the elongated slender part beneath the
stigma. The basal bulged part of the pistil is the ovary. Inside theovary
is the ovarian cavity (locule). The placenta is located inside the ovarian
cavity. Recall the definition and types of placentation that you studied in
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Figure 2.7 (2] A dissected flower of Hifvsous showing pistil (other floral parts have besn remnowed);

(Bl Mbalticarpellary, sprcerpous pistil of Papaver; (o] A moalticarpellary apocerpous
gynoecivmn of Michelio; [d] & diagrammeatic sew of a typical anatropons ol

Class . Arising from the placenta are the megasporangla, commonly
calledl ovules. The number of owiles it an owary may be ote [wheat,
padcy, mango) 1o many [papaya, water melon, orchids].

The Megasporangium {(Ovule) : Let us farniliaris ourselves with the
structure of a typical ahgiospermodile [Figare 2 7d). The ovale is asmall
stmcture attached to the placenta by means of a stalk called funicle.
The body ofthe onaile fuses with fithice in the region callecd hilum. Thits,
hilurm repre snts the junction between owale and funicle. Eachowale has
e of two prote chive envelopes called integuments. Integument s efcirce
the onrile except at the tip where a small opeting called the micropyle iz
orgatized. Opposite the micropylarend, iz the chalaza, repre ssnting the
basal partof the owile.

Enclosed within the integuments is a mass of cells called the nueelis.
CElz of the nucellias have abundant e sere food materials. Located in the
tuacelliaz is the embryo sac or female gametophyte. Anonde gnerally has
a zirygle emmbrio sac fofred fiorm a regaspore thrmagh echiction civision.
Megasporogenesls : The process of fomation of megaspoms fnom the
megaspore mother cell iz called megasporogenesls. Ovules generally
cliffterenitiate a single megaspore oother cell (MG it the ohcropilar rediot

-
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Figure 2.8 [a] Parts of the ovule showing a larde megaspore mother cell, a dyad and a tetrad of
medaspores, (B 1,2, 4, and 2-nucleate stages of embryo sac and a mature embryo sac;
(c] & diagrammatic representation of the mature embryo sac

of the nucellus. It is a large cell containing dense cytoplasm and a

prominent nucleus. The MMC undergoes meiotic division. What is the

importance of the MMC undemgoing meiosis? Meiosis results in the
production of four megaspores (Figure 2.8a).

Female gametophyte : In a majority of flowering plants, one of the
megaspores is functional while the other three degenerate. Only the
functional megaspore develops into the female gametophyte (embryo
sac). This method of embryo sac formation from a single megaspore is termed

monosporic development. What will be the ploidy of the cslls of the nucsiius,
MMC, the functional megaspere and female gametophyte?
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Let us study formation of the embrio sac in a little oore cetail
[Figure 2.8b). The tuiclais of the functiohal mega spore divides roitoti call ¥
to form two miclei which mowve to the opposite poles, fomming the
2-nucleaie embrio sac. Two more sequential mitotic maclear civdsons
e st in the forma tion of the 4-nucleate andlater the S-nucleate stages
of the emmbrjo sac It is of interest 1o note that thess mitotic divisions are
strictly free nuclear, that is, ficlear diviziohs ae tot followed inmreciately
by cell wall fiorrnation. After the S-taceate stage, cell walls are Laic cown
leadinng to the organisation of the typical female gametophyie
of embryo sac. Obsrve the distribution of cells insde the embryo sac
[Figume 2.8b, of. Sixof the eight nmucle are surmounded by 21l walls ancd
organized into ells; the remaining two macled, called polar maclel are
situated below the eid apparatus in the large central cell.

There iz a characteriztic distribution of the cells within the embrio
sar. Three cells are grouped together at the ficnopylar end and constitate
the eggapparatus. The egdd apparatits, in tur, cons sts of two spnerglds
atdl ore egd cell. The synergids have special cellular thickenings atthe
rricropilar tip called filiform apparatus, which play an important mlein
guiding the pollen tubes into the spnendgid. Three ells are at the chalaral
etidand are called the amtipodals. The large central cell, as mentioned
garlier, has two polar fiiclei. Thius, atypical angiosperm efnbryo sac, at
rraturity, thougdh S-nucleate iz Tcelled.

2.2.3 Pollinadomr

1 the pre cecling z2ctiohiz 1001 have learnt that the male and fernale gametes

in flowering plants are prochiced in the pollen grain and embrjo sac,

mspectively. As both types of gametes are non-rmotile, they have to be
broight toget her for fertilisation to occur. How is thi s achiewed™

Pollination iz the mechanism to achiewve this objective. Transfer
of pollen grains [shed from the anther] to the stigma of a pistil is
termed pollination. Flowering plants have evolved an amazing array
of adaptations to achieve pollination. They make use of external
agents to achiewe pollination. Can gouw st the possible external
agents?

Kinds of Pollination : Depetcling on the source of pollet, pollination

can be diviced into three types.

[i] Autogamyr : In this type, pollination is achieved within the safe
flower. Transfer of pollen grait s ffommn the anther to the stignea of the
same flower [Figure 2.9a). In a normal flower which opetis and
exposes the anthers andthe stigma, complete autogamy is rather
rare. Autoganty it such flowers requires sytchrody in pollen releasze
and stigrma reeplivity and al s, the anthers ancd the stigoma shouald

-



Figure 2.9 [a) Zelf-pollinated flowers;
b] Cross pollinated flowers:;
[c] Cleistogamous fowers

(1]

(1]

[{LelReiCY)

lie close to each other so that self-pollinaton
can occul, Some plants such as Viola
[common pansy), Oxolis, and Comaneling
produce two types of flowers -
chasmogamons flowers which are similar to
flowers of other species with exposed anthers
arnd sHgmea, and eleistogamnons flowers which
do niot operat all (Figure 2.9¢) Insuchilowers,
the anther = and stigma lie cloze to each other
When anthers dehizce in the flower buds,
pellen grains come in contact with the sigma
to effect pollination. Thus, cleistogamons
flowers are invariably autogamous as thereis
no chance of crozs-pollen landing on the
stigma, Cleistogamous flowers produce
assured seed-zet even in the absence of
pollinators, Do jrou thinds that cdeistogamy is
advantageous or disadwvantageous to the
plant? Wyt

Geitonogamiy —Transfer of pollen graines from
the anther tothe sigma of another Hower of
the zame plant, Although geitonogamy iz
functionally crozs-pollination inwvolwing =
pollinating agent, genetically it iz similar to
autogamy since the pollen grains come from
the same plant,

Xenogamiy — Transfer of pollen grains from
arther to the stgmes of a diff erent plart (Mgure
2.9b] Thizizthe anly type of pollinat oo which
during pollination brings genetically different
types of pollen grainszto the stigma,

Agents of Pollination : Flants vze two abiotic [wind
and water] and one botic [animel 5] agenits to achieve

pollination, Majority of plants use biotc agents for

pollination, Only a small proportion of plants use
abiotic agents, Pollen grains comingin contact with
the sigma iz a chence factor inboth wind snd water
pollinatiorn, To compenzate for thizwncert sirties and

agzociated loss of pollen grains, the flower sproduce

enormmous ot of pollen when compared to the

number of owiles available for pollinati o,
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Follinatiots by wind is more commnon
amohgst abiotic pollinaticrs . Witid pollitiatio
alsorequires that the pollen grains ane light
and non-sticky so that they can be
transported in wind currents. They often
possess well-exposed stamens (50 that the
pollenis are easily cispersed intowind curmehts,
Figure 2. 10] and large often-feathery stigma
to easily trap air-borne pollet graits. Witc-
pollitated flowers oftet have a sngle onile i
each owary and nurneroia s flowers packed into
a1 inflore seencs; a farriliar exarmnple is the oom
cob —the tassels pou e are nothing but the
stigma and style which wave in the witid to
trap pollen grains, Wind-pollination is quite
COMITIC it Fras5es.

Follinatioty by water is quite rare in
flowering plants and iz limited o abouat 30
getera, mostly monocotiledons. As agdain st
this, fou wolld recall that water is a regular
rmocle of transport for the mele garrete s among
the lower plant groups such as algae,

bryophytes and pteridophytes. It iz beliewved,

particularly for some bryophytes and Figure 2.10 £ wird- pollinated plant slnvmﬁ.g’
ptericophites, that their distritrtion is lirmited compact inflorecerce and well

b cauae of the need for water for the transport
of male gametes and fertilizatioh. Some
exarmples of water pollinated plants am Vallisnerio and Hydriio which
grow in fresh water and sveral marine sea-grasses sich as Eosterd, Mot
allaguatic plants wse water for pollination. In a mejority of aguatic plants
such as water hyacinth and water iy, the iowers emerge abowve the levwel
of water and are pollinated by insscts of wind az in oost of the land
plants. In Valiiznerig, the fermale flower reach the surface of water by the
lotg stalle and the male flowers of pollen grains are releassd on to the
surface of water. They are camied passively by water curments [Figare
2.11a]; some of them eventitally mach the fernale flowers and the stigoa.
Itn ancther group of water pollinated plants such as ssagrasses, fermale
flowers refnait submergsd in water and the pollen grains are mleased
ingck the water. Folleh grains in many such species are lothg, fbbon like
and they are camied passisely insce the water; some of themoreach the
stigma and achieve pollination. In most of the water-pollinated species.
pollet grains are protected fom wetting by a mucilagnous coneritg.

Baoth wind and water pollinated flowers are not very colourful and do
fiot prociice nectar Wt woodd, be the redson for this?

exposed statners

1



(b)

Figure 2.1 (a) Pollination by water in Vallisneria;
(b) Insect pollination

pollination.

BIOLOGY

Majority of flowering plants use
a range of animals as pollinating
agents. Bees, butterflies, flies,
beetles, wasps, ants, moths, birds
(sunbirds and humming birds) and
bats are the comumon pollinating
agents. (Figure 2.11bh). Among the
animals, insects, particularly bees
are the dominant biotic pollinating
agents. Even larger animals such
as some primates (lemurs), arboreal
(tree-dwelling) rodents, or even
reptiles (gecko lizard and garden
lizard) have also been reported as
pollinators in some species.

Often flowers of animal-
pollinated plants are specifically
adapted for a particular species of
animal.

Majority of insect-pollinated
flowers are large, colourful, fragrant
and rich in nectar. When the flowers
are small, a number of flowers are
clustered into an inflorescence to
make them conspicuous. Animals
are attracted to flowers by colour
and/or fragrance. The flowers
pollinated by flies and beetles
secrete foul odours to attract these
animals. To sustain animal visits,
the flowers have to provide rewards
to the animals. Nectar and pollen
grains are the usual floral rewards.
For harvesting the reward(s) from
the flower the animal visitor comes
in contact with the anthers and the
stigma. The body of the animal gets
a coating of pollen grains, which are

generally sticky in animal pollinated flowers. When the animal carrying
pollen on its body comes in contact with the stigma, it brings about

In some species floral rewards are in providing safe places to lay eggs;
an example is that of the tallest flower of Amorphophailus (the flower
itself is about 6 feet in height). A similar relationship exists between a
species of moth and the plant Yucca where both species — moth and the
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plant — cannot cornplete their life cieles withowt each other. The moth
ceposits its gEgs in the locule of the owary and the flower, in turn, gets
pollinated by the rooth. The larvae of the ooth come out of the edds a5
the zeeds start developin g,

Wy don't gou obseroe sore flowers of the Sollowing plants for ang
athers aoailable to gou: Cucisber Mange, Feepdl, Coriandsr Fopai) d,
Crign, Lobig, Cotion, Tobacooo, Rose, Lemmon, Eucaly péus, Banana? Try to
Jind ol tohloh anoeals elslt thent and whether they could be
pollinabors Yo hooe fo patiently obseree the fousers ooer @ fen days
and ab different tihres of the day. You cotdd alze g to see Lohether thene
L3 angy correlaiion in the characderistics of O fower o the animal thet
oislks o Cargruily obseree Fang of the elsdors cofne 0 conbach Lot the
anthers and the stigrnd as only such elsibors can Bring abacd poilinalion.
Many nsects f constiee pollen of e nectar witheut Bringing dho
pollination, Suich floral eisdors are referred o as pollen/nectar rabbers.
Yoy or feay not be afle to denifiy the poilindators, Bt oo Lodl srely
ey ot efforts!

Ouibreeding Devlces: Iiajority of dowering plants prochice hemmaphmoclite
flowers and pollen grains are likely to come in contact with the stigrme of
the same flower. Contitmaed self-pollination result in inbreeding depre ssion.
Flowering plants have dewveloped many devices to discourage self-
pollination and to encourafe oooss-pollination. In some species, pollen
mleas and stifma woeptivity are not spnchrotised. Either the pollen is
elea s=c before the stigomnae beoomes receptive or stigne be momne s e eeptive
rrich befomr the mleass of pollen. n some other species, the anther and
stigrne arme placed at different positions zo0 that the pollen cannot come in
cotrtact with the stigoe of the same flower. Both these cevices prevent
autogary. The thimd device to prevent inbmeeding is selfincormpatibility.
Thiz iz a genetic mechanismand pesents self-pollen [fromthe same fower
or other flowers of the same plant] from fertilising the owalss by inhibiting
pollen germmination of pollet tube growth in the pistil.  Another desice o
prevent slf-pollination is the prodhuction of uniseanial lowers. I both male
atudl fernale fowers are pre it o the zame plant such as castor and mains
[monoe cicia 3, it presents autogangrbut not Feitomogary:. In several species
sich as papata, male and femnale flowers are presett of different plants,
that iz each plant is either male or fermale (dioscy. This condition prevents
both autogdamy atcd geitorogag.

Follen-pisiil Interaction : Follination does not guarantee the transfer
of the right t3pe of pollen [oompatible pollen of the same species 4z the
stigma). Often, pollen of the wrong type, either fmom other species or from
the zame plant [if it is self-incornpatible], also land on the stigma. The
pistil has the ability to recognise the pollen, whether itis of the right type
[commpatible] or of the wiong type (i oompatible). I it is of the gght type,
the pistil accepts the pollen and promotes post-pollination events that

1
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Longitudinal section of a flower
showing growth of pollen tube

(c)

(e)

Figure 2.12 (a) Pollen grains germinating on the stigma; (b) Pollen tubes growing through the
style: (c) L.S. of pistil showing path of pollen tube growth; (d) enlarged view of an
egg¢ apparatus showing entry of pollen tube into a synergid: (e) Discharge of male
gametes into a synergid and the movements of the sperms, one into the egg and
the other into the central cell

leads to fertilisation. If the pollen is of the wrong type, the pistil rejects the
pollen by preventing pollen germination on the stigma or the pollen tube
growth in the style. The ability of the pistil to recognise the pollen followed
by its acceptance or rejection is the result of a continuous dialogue
between pollen grain and the pistil. This dialogue is mediated by chemical
comporients of the pollen interacting with those of the pistil. It is only in
recent years that botanists have been able to identify some of the pollen
and pistil components and the interactions leading to the recognition,
followed by acceptance or rejection.

As mentioned earlier, following compatible pollination, the pollen grain
germinates on the stigma to produce a pollen tube through one of the
germ pores (Figure 2.12a). The contents of the pollen grain move into the




TEMPAI REFRODIEECTHOMN IN FUOWERING PLANTE

pollen tube. Follen tube grows through the tissues of the stigma ancd
stile and reaches the owvary [Figume 2120, o). o would recall that in
some plants, pollen graits are shed at two-celled ooficition [ vedet ative
cell and a generate cell]. In such plants, the gnerative cell divides and
forrns the two male gamretes during the growth of pollen tuibe it the stigona,
Itn plants which shed pollen in the three-celled condition, pollen tubes
carrty thetwomale Fametes fromthe beginning. Pollen tube, after reaching
thie ovary, enters the owale through the micnopyle and then enters one of
the syrenbicd s throgh the fliform apparatis [Figare 2120, ). Many eoeht
stuclie s hawve shown that filiform apparati s present at the micoopidar part
of the syner@ds fuides the entry of pollen tube. A1 these ewents—from
pollet depositicty ot the stigome unfil pollen tubes enter the owile—are
together referred to as pollen-pistil interaction. As pointed out earlier,
pollen-pistil interaction is a dynanic process ivolying pollet recodnition
follomwed by promootict of inthibition of the pollen. The owledge gaitec
in this area would help the plant breeder in manipulating pollen -pistil
interaction, even in incorapatible pollinatiohs, togdet de sired hybrids.

T can easily study pdlen germrination by casting some pollen fom
flowers such az pea, chickpea, Crotalaria, balsamand Vincaon a glass shide
cotrtadting A coop of suyfar solution [about 10 per cent]. After about 15350
it te 5, observe the slice wnder the 1ow power lens of the mcroscope. Yol
are likely to see pollen tubes corming ot of the pollen graits.

A5 you shall learn in the chapter an plant breeding [Chapter 9, a
breecer iz interested in crossing different species and often getera to
rornbing desirable characters to procha e comrrercially “superion varieties.
Artificial hybridisation iz one of the major approaches of crop
imnprovernett programime. [n such crossing experinents it is important
to malee sume that only the desired pollen grains are used for pollination
and the stigma is priote cted from contanina tion [froron anwanted pollet).
Thiz iz achiewed by ema soidation and bagding techiiques.

If the fermale parent bears biseanal flowers, remnoval of anthers from
the flower tuud before the anther dehisces wsing a pair of foreeps is
tieceszary. This step iz referrec to as emasculation. Eras culated owers
have tobe covered with a bagof suitable size, generally made up of butter
paper, to prevent cohtamination of its stigma with unwanted pollet. This
process is called bagging. When the stigma of bagged fower attains
reeptivity, mature pollen grains oolle cted frorm anthers of the maele parent
are dusted on the stigma, and the fowers are rebagged, and the fraits
allowed toclesel op.

If the female parent prochice s wunisesiial flowers, there is no need for
erna soidation. The female flower biads ae bagded before the flowers opet.
Whet the stigia beoommes receptive, pollination is carmied out wangthe
ce sired] pollen and the flower rebagged.

A

1
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2.5 Dot PRRrirssnon

after entering one of the synergics, the pollen tube relea s s the two mals
gammetes itito the cytoplasm of the spnergid. One of the male gametes
rooves towards the egg cell and fuses withiits oo cews thus conapleting the
syngamy. This resultsin the formation of a diploid cell, the Zygote. The
other mmale gammete roone s iowards the o polar naclei located in the central
cell and fuzes with them to prociice a triploicd primary endosperm nucleus
[FEM] Figure 2.13a). As this inwolves the fusion of thres haploid nacl e it
iz termmed triple fuslon. Sitce two types of fisions, sfngdarny and triple
fusion take place in an embrio sac the phenomenon is termed double
fertilisation. ah event uhique to dowering plants. The central cell after
triple fusion beoomes the primary endosperm cell [FEC) and deswelops
intothe endosperm whils the sygote develop s itto an embrio.

[2] =1

Figure 2.13 [a) Fertilised embryo sac showing spgote and Frimary Endosperm Hucleus [FEN);

(bl Stages in embrpo developroent i a dicot [shown in reduced sise a5 compered to (al]

2.9 Pos-rERTTRISATION | MIRUCTORES AN venis

Following dowuble fertilization, ewvents of endosperm and embrjyo
deweloprrent, maturation of owile( s into seed(s) anc ovaryinto fuit, are
colle ctively termed posi-feriilisation events.

2.4.1 Endosperm

Endosperm development precedes embrio developrent. Why P The
primary endosperm cell divides repeatedly and forms a triploid
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endospertm tizsue. The cells of this tissue are filled with
reserve food materials and are used for the nutrition of
the dewveloping embryo. In the most comrmon type of
endosperin development, the FEIT undergoe s successive
nuclear divisions to give rise to free nuclei. This stage of
endosperin dewelopment is called free-ticlear endosperin
Subsegquently cell wall formation occurs and the
endlospertn becomes cellular. The number of free nucled
formed before cellularization varies greatly. The coconut
water ffomm tender coconut that pou are farmliac with, is
nothing but free-nuclear endosperm [macde wp of
thousands of fiiclei) and the surrounding white kernel is
the cellular endosper.

Encospermn may either be completely cotsuned by the
ceveloping ermbrio (e 4., pea, grounciat, beans) before seed
rmaturation of it may persst in the mature seed e g, castor
andl cocort] and be wused up during seed germmmination. Spili
apen sofne seeds of caston, peas beans, groundnu, Jrot of
cocantt and ook for the endosperm (n each, case,  Fnd oot
rofiether the endospertn (5 persistent N cereds — Lhet, nice
ane. s,

2.4.F Ywibivo

Embryo dewelop s at the micmopidarend of the embryo sac where
the zydote is situated. Most oygotes divide only afler certain
armoint of endosperm is formed This is an adaptation to
prowide assured nitrition 1o the developin g embrio. Though
the seds differ greatly, the eany stages of embrjo developroent
(embryogeny) are similar in both monocotylecotn s aacd
chi cotyledons. Figure 2,13 depicts the stages of ernbrijogeny it
a dicot¥ledonoits embrio. The zygote gives rise to the
proembryo and subsequently 1o the globular, heart-shaped
atd mature embryo.

A tppical dicotyledonois embryo [Figare 2.14a), consists
of ann embryFonal axis and two cotyledons. The portictn of
emnbrional azis abowe the level of cotiledons is the epdootyl,
which terminates with the plumule or stem tip. The cplindn cal
porticn below the lewel of cotjledons is hypocotyl that
termitiates atits lowerendin the radieal or oot tip. The moot
tip iz coverec with a root cap.

Embryos of monocotyledons [Figure 2.14 b) posssss anly
one cotyledon. In the grass family the cotyledon is called
scutellum that iz situated towards one side [lateral] of the
embrotial azis. At its lower end, the embryonal iz has the

Figure 2.14

=) &t dicot
anbrpg [H LE.of an
anbrypo of gr===

1
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radical and root cap enclosed in an undifferentiated sheath called
coleorrhiza. The portioh of the embrjyohal aziz abowve the level of
attachmrent of scutellumis the epicotyl. Epicotyl has a shoot apex and a
femn leaf prifordia eniclosed it a hollow foliar structime, the coleoptile.

Soak @ feln seeds N waber (s of wihed, rwise, peds, ouckpes,
ground, nofl ecernight. Then split the seeds and obseroe e (arous
parts of the embryoe and the seed

2.4.3 Seed

In atgiosperms, the seed is the final product of seaual reprochcion. [tis
often described as a fertilized ovale. Seeds are formed insice fraits A
seed tipically cotr s ste of sed coatfz], cotyledon(s] and an embrjo azis.
The cotylecons [Figure 2.15a) of the embrjo are simple stractures,
generally thick and swollen dus to storage of food reseres (&5 inlefumes).
Iature seecls may be non-albuminons or albuminous. Mon-albuarmnom s
seerls have no residual endosperim as it is completely consumed during
embrio cdeveloprent g4, pea, grouncnut]. Albuminogs sseds retain a
part of endospertn as it is not completely wsed wup during embryo
developrnent g 4., wheat, maire, badey, castor, sunflowern) . Occazonally,
it some seeds sich as black pepper and beet, remmmants of tacellus are
also persistent. This residual, persistent fucellius is the perlsperm.

Integuments of ovides harden as tough protective seed coats
[Figure 2.154). The micropyle refnaits a4 small pore in the seed ooat.
This facilitates entry of mepden and water into the sesc charing gerrmination.
a5 the seed matures, itz water cofitent iz rechiced and seeds becorme
relatisely dry (10-15 per ent moistare by mass). The general metabolic
activity of the embryo slows down. The embryo may enter a state of
inactivity called dormanecy, or if favourable concditions are awailable
[aclequate mooi sture, oxfden and suitable temperatim], they geminate.

Az ovales mature into seeds, the ovary deselops into a frait, i e the
transformation of owiles into seeds and ovary into fruit procescs
sirmdtanedsly. The wall of the dovary deselops into the wall of fruit called
perlcarp. The fruits may be fleshy a5 it guava, oratge, fmoango, eto., or
fray be dry, as in grounchut, and moistand, ete. Mangy fmaits have evolwecl
rrechati sns for dispersal of seeds. Becall the classification of fruits and
their dispersal mechanisms that o have studied in an earlier class. [s
thuere ang relationstup beiwoeen number of ooules noan codry and the
nusaber of seeds present @ fok?

In most plants, by the time the frut develops from the owary, other
floral parts degenerate and fall off. Howeseer, in a few species suchas apple,
strawbemy, cashew, ete., thethalamis alsocontributes tofnait formatic.
Such fruits are called false frulis [Figure 2.15b). Most fmaits however
deselop only from the owvary and are called true fridis. Althoagh in most
of the species, fnuits are the resdts of fertilizaticn, thers are a few species
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Cotyledons

Seed coat

Figure 2.15 (a) Structure of some seeds. (b) False fruits of apple and strawberry

in which fruits develop without fertilisation. Such fruits are called
parthenocarpic fruits. Banana is one such example. Parthenocarpy can
be induced through the application of growth hormones and such fruits
are seedless.

Seeds offer several advantages to angiosperms. Firstly, since
reproductive processes such as pollination and fertilisation are
independent of water, seed formation is more dependable. Also seeds have
better adaptive strategies for dispersal to new habitats and help the species
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to colonise in cther areas. As they have sufficient food reseres, g
seedlings are nod shed until they are capable of photosjthe s s on their
ot The hard seed coat provide s protection tothe poung embrpo, Being
prochacts of seaal reprochi ction, they generate new genetic combinations
leacling to waations.

Seed iz the basis of our agriculture. Dehjcdration ancd dormancy of
rmature sseds are cnucial for storage of seeds which can be wsed as food
thmugh out the fear and also o raiss ooop in the nest season. Can jon
imagine agriciltum in the abaence of seeds, orin the presence of seecs
which germrinate straight away soon after formation ancd cannot be storect?

How long do the seeds refmain alive after they ame dispersect? This
period again varies greatly. In a few spedies the sseds los wiability within
a few miohiths Seeds of a laghie number of spedes live for several fears.
Sore seeds can remain alive for hundreds of years. There are several
recordls of wery old et Wable seeds. The cldestis that of a lupite, Lupins
archiciis excavated from Arctic Tundra. The seed germin ated and flowersd
after an estimated eoord of 10,000 years of dormaney. A Ecett record of
2000 years old wable ssed is of the date palm, Fhoeenis dactylifera
dizcovered during the archeological excavation at Hing Hermool's palace
niear the Dead Sea.

After cormpleiing o briel aocount of sexual reproduction of floumenng
plants o would be worth atterpting to comprehend fhe enormous
reproduciinoe copacity f some flowenng plants by asking the followng
gruestions. How fmang egqgs are present (nan efbryo sacty o smang
embryo sacs ore present i an ooude® Howo mang eoulss ore present n
QN ST oL iuang aanies ane bresent (n @ by pieal flotoery H ot fmang
Jlowsers are present on o et And S0 on.

Can gous unk of sofite plants o wphich Jrudks conbain eery Wange
nurnber of seeds. Orchid frols ane one such cabegory and, each, Jrot
conbain thousands of tiny seeds Siiar s the cose ks of sone
parasitic speces stich as Crobanche and Btriga. Have gots seen @ bing
gseed of Flous? Howr large s the tree of Flous deceloped Fromn that ting
seed, Hovr fpang Bilons of seeds does edch Flos tree produce? Can
(ol rdgine ang other exatpls (n whld such @ ting siiciidre can
produce stch. o large bommass ooer the gears?

2.5 ArowMons oD POLYRMBRITONY

althoiagh seeds, in general ame the products of fertilisation, a few flowering
plants such as some species of Asteraceds and grasses, have ewolwed a
special e chanism, toprochice seecks without fertili zation, callec apom bois.
Wit is fruadt produoction ol femidization coiled? Thils, apommsis is a
formn of azeanal eprocluction that min oz seaual reprocha ction . There are
several ways of dewlopment of apormmictic seeds. Ih sone species, the
diploicd egd cell is formed without rechiction division and dewelops into
thie emmbrjowithoiat fertilisation. ome often, a3 it many Cimes and Mango
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wvarieties some of the nucellar ells surmunding the embryo sac start
divicitg, protrude into the embriao sac and develop into the ermbrios. In
such speries each owule containg many embrjyos. Oocumence of rone
than one embrio it a ssedis refermed as polvembriony. Toke oul sonme
seeds of orange and squeefe thenn Obseree the many embrygos of
different siges and shapes frofm edd seed. Count the noreber oF erbryos
N oedch seed. What woudd be the genetic naitre of apormicic embryoss
Can, theey Be called dones?

Hybrid warieties of several of our food and vegdet able crops are being
gatenswely cultivated. Cultivation of hbrids has tremendouisly increassd
procluctisity. One of the problems of hybrids is that hybrid seecs hawe
to be produced every year. If the seeds collected from hiybrids are sown,
the plants in the progeny will segregate ancd do not maintain hybrid
characters. Production of hybod seeds is costly and hence the st of
hybrid seeds becore tooexpensive fof the farmers. If these hybrids are
rmade into aporrd cts, thers is no ssgregation of characters in the hyboid
progeny. Then the farmers can keep of WEng the hybrid seeds to raise
tiew crop year after jear andhe does not have tobuyhybrid seds every
year. Because of the importance of Aponizis in hybrid seed industoy,
active research iz going on in many laboratories amund the world o
uncerstand the genetics of apomixis and o transer apomictic genes

SUMMARY

Flwwers are the seat of ==naal reproduction in angiosperms. In the flower,
androscium corsisting of stamens represants the mals reproductive
orgens and gynoecium consisting of pistils represents the femals
reproductive or gans.

& typical anther = biobed, dithecous and tetrasporangiate. Follen
grains develop inside the microsporangia. Four wall layers, the
epidermis, endothecium, middle lapers ard the tapetum sumoand the
micTospor argiurm. Tells of the sporogenons tissae lping in the centre of
the microsporangium, undergo meiosis (microsporogenesis] to form
tetrads of microspores. Individual microspores mature into pollEn graits.

Follen grains represents the male gametophytic gereration. The
pollen grains have a two-lapered wall, the outer esine and inner intine.
The exine is made up of sporopollenin ard hes germ pores. Pollen grains
may have two-celled (2 vegetative cell and generative cell] or three cells
(= wegetative c=ll and two male gametes] at the time of shedding.

The pistil has three parts - the stigma, style ard the overyp. Crdes
are present in the ovary. The ovales hawe a stalls called fumicle, protective
integuamnent(s], and an opening called mictopple. The central tissne is
the macellns in which the archesporium differertiates. & call of the
archesporium, the megaspore mother call divides meiobcally and ore of
the megaspores forms the embrpo sac the female gametoplytel. The
mature embrpo sac is Foelled and Srmacleate. At the mictopplar erd is

-
.
s
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the egd apperatus corsisting of two synergids and an egf o=l At the
chalazal end are thres antipodals. At the cardre is a large central o=l
with fao polar macked

Follination is the mechanism to transfer pollen grains from the
anther to the stigma. Follinating agents are either abiotic [wind aedd
water] or biotic [animals).

Follerr pistil interaction irwolves 2ll events from the landing of pollen
grains on the stigma wrtil the pollen tabe enters the embryo sac [when
the pollen is compatible) or pollen inhibition [when the pollen is
incomnpatible]. Following compatible pollination, pollen grain germinates
on the stigma ard the resulting  pollen tubs grow through the stple
enter the owniles and finslly discherges two male gametes in one of the
sprerdds. Angiespermns exhibit double fertilisation becauise two fusion
events ocour in esch embrpo sac, nemely spngamy ard triple fusion
The products of thess fusions are the diploid spgote ard triploid
primary erndosperm maclens (in the pomary endosperm cell]. Epgote
dewelops into the embrpo and the primary endosperm cell forms the
endosperm tissue. Formation of endosperm alwaps precedes
developrnent of the embryo.

The dewsloping embrpo passes through different stages such as
the prosmbrpo, gobualar and hesart-shaped stages before maturation
Miature dicotpledorous embrpo has twwo cotpledons 2ol an embrponal
S axis with epicotyl and hypocotyl. Embryos of monocotyledons have a0
S single cotpledon.  After fertilization, ovary develops indo fruit sed ceales |

& phenomenon called apomivis is found in some angiosperms,
particularly in grasses. It results in the formeation of sseds without
fertilization. Apomicts hawe sevweral advantages in horticultbure and
agriculture,

Some stgfiosperms produce more then one embrpo in their sesd.

This pheromenon is celled polpernbryony.

cAERCIES

1. Hame the parts of an angiosparmm flover in which development of male
and femnale gametophyte tale place.
2. Differentiate betveen microsporogenesiz o megasporogeresis. Which

type of c=ll division ocours during these event=? Name the stnactunss
tormed at the end of these o events.

3. Amange the following terms in the correct developments] sequetice:
Follen grain, sporogerois tissus, mictospore tetrad, pollen mother cell,
male gametss.

4. TWith a neat, laballed diagram, describe the parts of a typical angiosperm
ownale,

8. TWhat iz mesnt by morosporic devwsloprment of female gaonstophye?

B, TWith a reat diagram explain the Foelled, S-nucleate nature of the femn ale
gametophpte.
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7.

=3
=}

1

11.

12,

1=

14

15,

16

17,
1.

TWhat are chasmogemous flowers? Can cross-pollination oocur in
cleistogarmons flowers? Give reasons for pour arswer.

Mlention two stratedies swolved to prevent sslf-pollinstion in flowers.

Tihat is self-incompatibility? Why doss self pollinetion ot lead to seed
formation in self-incompatible species?

That is bagging technique? How is it ussful in a plant bresding
Programone?

Tihat iz triple fusion? %Where and how does it talke placss™ Name the
tcled itmalved in triple fusion.

Tihy do pon think the spgote is dorment for sometitne in 2 fertilised
ovule?

Differentiate batusest:

[a hypocotyl arnd epicoty;

(bl coleoptile ard coleorrhizs:
=] irtegmnert and testa:

[d] perisperm and pericarp.

Tihy is apple called & false fmait? Which part(s] of the flower forms the
frt?

Tihat i= mesnt by emascdation? When sed why does 2 plant breeder
ernplop this techhnique?

I one can induce parthenocarpy through the application of growth
substarces, which fruits woald pou select to induce parthernocarpy
and why?

Explain the role of tapetum in the formation pollen-grain weall.

Tihat is apomins and what is its importance?

-



CHAPTER 3

HUMAN REPRODUCTION

|

1z

212
34
3k

A4

ar

The Male Heproductioe
Systenn,

The Female Reproductioe
Systemn

Goamnetogenes iz
Merztrual Cyele

Fertilis atfan and
Irnplantatian,

Fregnancy ond.
Embrnonic Develoe mnent

Parturiion and Lactation,

Az o are aware, humans are seaually reprocucingg and
wivipamis, The meprodiuctive events in humans inclide
formnation of Farretes [garmetogenesis), 1 e., SperTs i males
ancd ovum it fBreles, transter of sperms itto the ferale
getital tract [insendnatioe] and fision of male and femmale
garete s [fertili sation] leading to formaticn of Zygote. This
iz followed by formation and deseloprent of blastocyst
and itz attachment to the uterine wall Fmplantatiod],
embryoni c development [gestation] and delivery of the
baby [parturition). Tt hate learnt that these reprocuctive
events occur after puberty. There are remarkable
differences between the reproductite events in the male
and in the fermale, for examnple, spemm fomnation ontinue s
evet it Old e, bt formatich of ofimn ceases it WonEn
amund the age of fifty years. Let ws examineg the male and
femwle mprochictive spstens in human.

S.1 Tun Mar Beeronnsriiod BTETEM

The male reprmochuctivg systemis located in the pelis egon
[Figure 3.1a]. It includes a pair of testes alongwith
acoessory ducts, glands and the external genitalia.
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Thetestes are situated outside the
abdominal cavity within a pouch
called serotum. The scrotum helps
in maintaining the low temperature
of the testes (2-2.5°C lower than
the normal internal body
temperature] necessary for
spermatogenesis. In adults, each
testis is oval in shape, with a length
of about 4 to 5 cm and a width of
about 2 to 3 cm. The testis is
covered by a dense covering. Each
testis has about 250 compartments
called testicular 1lobules
(Figure 3.1b).

Each lobule contains one to
three highly coiled seminiferous
tubules in which sperms are
produced. Each seminiferous tubule
is lined on its inside by two types
of cells called male germ cells
(spermatogonia) and Sertoli cells
(Figure 3.2 ). The male germ cells
undergo meiotic divisions finally
leading to sperm formation, while
Sertoli cells provide nutrition to the
germ cells. The regions outside the
seminiferous tubules called
interstitial spaces, contain small
blood vessels and interstitial cells
or Leydig cells (Figure 3.2). Leydig
cells synthesise and secrete
testicular hormones called
androgens. Other immunologically
competent cells are also present.

Urinary bladder

tis
Scrotumn Bulbourethral gland

Figure 3.1(a) Diagrammatic sectional view of male pelvis
showing reproductive system

Epididymis
Vasa efferentia
Rete tests

Testicular lobules

Figure 3.1(b) Diagrammatic view of male reproductive system
(part of testis is open to show mner details)

The male sex accessory ducts include rete testis, vasa efferentia,
epididymis and vas deferens (Figure 3.1b). The seminiferous tubules of

the testis open into the vasa efferentia through rete testis. The vasa efferentia
leave the testis and open into epididymis located along the posterior surface
of each testis. The epididymis leads to vas deferens that ascends to the
abdomen and loops over the urinary bladder. It receives a duct from seminal

vesicle and opens into urethra as the ejaculatory duct (Figure 3.1a). These
ducts store and transport the sperms from the testis to the outside through
urethra. The urethra originates from the urinary bladder and extends
through the penis to its external opening called urethral meatus.
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Figure 3.2 Diagrammatic sectional view of seminiferous tubuls

The penis is the male external genitalia (Figure 5 14, b). It is mace wp
of special tissue that helps inerection o the penis tofacilitate insenmnation.
The etdarged end of petis called the flans pehis is covered by a looss o000
of slin called foreskin.

The male accessory glands [Figure 3.1a, b incude pairec seminal
vesicles, 3 prostaie and paired bulbourethral glancds. Secretions of these
glatids constitute the serinal plasnw which is fch in fructose, caleinm
and certain ensimes. The scretions of bulbourethral glands alsohelps
it1 the lubricatics of the petiis.

3.2 Tor Feaans BuprobicaTvs SvsTeny

The fernale reprocdhuctive spstern consists of 2 pairof ovades alongwith a pair
of oviducts, uterus, cerviy, vagina and the exnternal genttalts located it
pelic region (Figare 5.3a). These parts of the system alongwith a pair of the
mammary glands are integrated structurally and fctiotally to support
the proces s 5 of oalation, fertilisation, pregnancy, birth and child care.

Cearies are the primary ermaele sex organs that prochi ce the fermale
garrete [0wam) ancd several steroid hormones [ovarian hormones].
The owvaries are located one oh each side of the lower abdomen
[Figure 3.30). Eachovaryis aboitt 2 1o 4 cminlength andis cotnnected o
the pelvic wall andutenis by igamrents. Each ovary is covered by a thin
efithelinmwhich enclose s the owariah stroma. The stomais divided into
two zone s —a peripheral cortex and an iter mechilla,
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Uterus

Urinary Bladder

Pubic symphysis

Urethra-

Clitoris

Labium minora
Labium majora

Vaginal oriflce

Figure 3.3 (a) Diagrammatic sectional view of female pelvis showing
reproductive system

The oviducts (fallopian tubes), uterus and vagina constitute the fermnale
accessory ducts. Each falloplan tube 1s about 10-12 cm long and extends
from the periphery of each ovary to the uterus (Figure 3.3b), the part closer
to the ovary 1s the funnel-shaped infundibulum. The edges of the
Infundibulumn possess Anger -like projections called fimbriae, which helpin
collection of the ovum after ovulation. The infundibulum leads to a wider

Uterine fundus
Uterine cavity

I Vagina

Figure 3.3 (b) Diagrammatic sectional view of the female reproductive system
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part af the Frichict called ampulla. The last part of the osdduct, Isthmus has
2 narmew lufreh and it joits the uteris.

Theuterus is single and it is also called womb. The shape of the wtenus
iz lilue an itvverted pear I iz supported by ligarnents attached o the pelic
wall. The uterus opens into wadina through a namow cervia, The casity of
the cervix iz called cervical canal [Figure 3.50) which alotymwith wagina
forms the birth canal. The wallof the utenis has three lagers oftissue. The
extertial thin embranois perimetrium, fucdcdle thick lajer of smooth
rrascle, mypomeidum and inner glanchlarlajer called endometdum that
litves the uterine catity. The endomretriurmandergoe s cyclical chatygies curing
menstrual cpele whils the myometriumeshibits strong contraction churing
delivery of the baby.

The fermale external genitalia include mons pubis, labia majora, labia
minora, hipren and ditoris [Figume 3.32). Mons pubisis a cushion of fatty
H zsue covered by sliin and pubic hair. Thelabia majom are fleshy iolds of
tizzue, which extend down fromthe mons plbis and sumound the wagital
cpenityg. Thelabla minora are paired folds of s sae wder the labia majora.
The opetitig of the wagna is often covered partially by a nembrane called
hymen. The cHiords iz a ting finger likke stoucture which lies at the wupper
jutwctiodr of the two labia minora abose the urethral opening. The hymenis
often torn during the first coitis [intercourse]. Hotoever, o can also be Broken
By o stidden fiall or jolt, (nseion of o eagingd imapoen, qolive perticipation,
N sofe sports e hur seback riding, cyding eis Insere Loomen the hgen
Persists ecen after codtes In ook, the presence of absence of huiteen o not
. Feliahble ndindbor oF eirginily of el experiEncs

Figure 3.4 4 diagrammatic sectonsl wew of Mammary gland
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Afunctional manrmary glandis characteristic of all fermele marrmals.
The mammmary glands are paired structures [breasts) that contain
dlatcudar tizsue and variable amount of fat. The glandular tizsue of each
breastis divided itto 15-20 mammary lobes containitg o sters of cells
called alveoli [(Figare 3.4). The cells of alveoli secrete milke, which iz stored
it the cavities imens] of alweoli. The alveoli opet intomatofoary tubule s,
The tubules of each Iobe join tofomm a mammary duct. Several matimrary
chicts join to form & wicer marmmery ampilla which is cotinected to
hctiferous duct throagh which molk is sucleed out.

BT G anE TS MRS

The primary sex ofgans —the testis in the males and the ovaries in the
fermales —produce gametes, ie, sperms and osim, respectively, by the
prmocess called gametogenesis. In testis, the immature male germ cells
[spematogonial produce sperms by spermatogenesis that begins at
puberty. The spermatogonia [sitg spermatogoniumm) present on the
insice wall of sminiferons tubules ooultiply by mitotic division and
increase it nurmbers. Each spermatogotiimis diploid and cothtain s 46
chromosomes. Some of the spermatogonia called primary
spermatocytes periodically undergo nmeiosis. A primary spermatocite
cormpletes the first meiotic diwision [fechuction division] leading to
formmatict of two egual, haplodd cells called
secondary spermatocyies, which havwe only
23 chromosomes each. The szecondary
spermatocites uncdergo the second meiotic
divizionn to procdiice four equal, haploid
spermatids [Figure 3.5, What cooudd be the
nutiher of chrormsone 0 the spermatids?
The spermatids are transformed into
Spermatozoa [Sperms) by the process called
spermlogenesls After spermiogenesis,
sperm heads become embedded in the
Sertoll cells, and are finally released fom
the seminifermis tubules by the process
called spermiation.

Spermatogdeniesis starts at the age of

Figure 3.5 Diagrammatic sectional wiew of a

puberty due to sgnificant increasze in the seminifarous tubule [anlarged)

s2oretion of gotadotropin mleasing hormoe

[GnEH). This, if ot recall, iz a hypothalamic horoone. The increassc
lenels of GnREH then adts at the anterior pitwitary gland and stinmilates
secretiof of two gonadotropits — luteinizing hormone (LH) and follicle
stirmalating hormone [(FEH). LH acts at the Leydig cells and stinmalate s
spnthesis and secretion of androgfens. Androges, in turh, stirmilate the
process of spermmatogdenesis. FEH acts ot the Sertoli cells and stinmalates

———

-
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secretion of some factors which help in the
process of spermiogenesis.

Let us examine the structure of a sperm. It
is a microscopic structure composed of a head,
neck, a middle piece and a tail (Figure 3.6). A
plasma membrane envelops the whole body of
sperm. The sperm head contains an elongated
haploid nucleus, the anterior portion of which
is covered by a cap-like structure, acrosome.
The acrosome is filled with enzymes that help
fertilisation of the ovum. The middle piece
possesses numerous mitochondria, which
produce energy for the movement of tail that
facilitate sperm motility essential for fertilisation.
The human male ejaculates about 200 to 200
million sperms during a coitus of which, for
normal fertility, at least 60 per cent sperms
must have normal shape and size and for at
least 40 per cent of them must show vigorous
motility.

Sperms released from the seminiferous
tubules, are transported by the accessory
ducts. Secretions of epididymis, vas deferens, seminal vesicle and
prostate are essential for maturation and motility of sperms. The seminal
plasma along with the sperms constitute the semen. The functions of
male sex accessory ducts and glands are maintained by the testicular
hormones (androgens).

The process of formation of a mature female gamete is called oogenesis
which is markedly different from spermatogenesis. Oogenesis is initiated
during the embryonic development stage when a couple of million gamete
mother cells (oogonia) are formed within each fetal ovary; no more oogonia
are formed and added after birth. These cells start division and enter into
prophase-I of the meiotic division and get temporarily sorested at that stage,
called primary oocytes. Each primary oocyte then gets suurounded by a
layer of granulosa cells and then called the primary follicle (Figure 3.7).
Alarge number of these follicles degenerate during the phase from birth to
puberty. Therefore, at puberty only 60,000-80,000 primary follicles are
left in each ovary. The primary follicles get surrounded by more layers of
gramilosa cells and a new theca and called secondary follicles.

The secondary follicle soon transforms into a tertisey follicle which is
characterised by a fluid filled cavity called antrum. The theca layer is
organised into an inner theca interna and an outer theca externa. It is
important to draw your attention that itis at this stage that the primary
oocyte within the tertiary follicle grows in size and completes its first meiotic
division. It is an unequal division resulting in the formation of a large
haploid secondary oocyte and a tiny first polar body (Figure 3.8b). The

Figure 3.6 Structure of a sperm




HUMAK REFPROGUCTION

secondary oocyte retains bulk of the
nuirient rich cytoplasm of the primary
oocyte. Canyou think of any advantage
Jor this? Does the first polar body born
out of first melotic division divide further
or degenerate? At present we are not
very certain about this. The tertiary
follicle further changes into the mature
follicle or Graafian follicle (Figure 3.7).
The secondary oocyte forms a new
membrane called zona pellucida
surrounding it. The Graafian follicle now
ruptures to release the secondary oocyte
{fovum) from the ovary by the
process called ovulation. Can you Figure 8.7 Diagrammatic Section view of ovary
identify major differences hetween

spermatogenesis and cogenesis? A dlagrammatic representation of

spermatogenesis and oogenesis is glven below (Figure 3.8).

luteum

CHROMOSOMES Qogonia
At Puberty PER CELL tosis
Mitosis Fetal Primary oocyte
wdifferentiation Hte ;
) l D 00 € 1at meiotic
Primary spermatocyte division
1st meiotic Birth {completed
§ dtviston Childhood Pﬂ]“ﬁt;ﬂ
Puberty.........._ /.
Secondary spermatocytes “— I3 —p erty g j
2nd mejotic o b R Seeoma ooee
| ? poler body é
di"’u;ﬂims 1 Adult O
Sperma 4— 23 —p reproductive »
life Second
‘ rDlﬂ'erentlation \L polar body
Spermatozoa
@ (b)

Figure 3.8 Schematic representation of (a) Spermatogenesis; (b) Oogenesis

5.4 Meunstrual OyoLe

The reproductive cycle in the female primates (e.g. monkeys, apes and
human beings) s called menstrual cycle. The first menstruation begins
at puberty and 1s called menarche. In human females, menstruation
1s repeated at an average Interval of about 28 /29 days, and the cycle of
events starting from one menstruation till the next one is called the
menstrual cycle. One ovum is released (ovulation) during the middle
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Folliculer phaas Lauteal plukse Nexl cycle
[Profifesative phase) Sooretry phase) begine

Figure 3.9 Disgrammatic presenstion of varions events during a menstrasl cpole

of each enstrial cycle. The major events of the menstrual oycle are
show in Figure 3.9, The cycle starts with the menstrual phase, when
et strial flow ocours and it lasts for 3-5 days. The menstrual flow
results due to brealcown of encometrial lining of the wterus and its
blood wessels which forms liquid that comes out through wagina.
Menstruation only ocours if the mleased owvm is not fertilized Lack of
mrenstmiation may be indicative of pregnancy. Howewer, it may also be
catzedd dus 1o some other underlying causes lilke stress, poor health ete.
The menstriial phase iz followed by the follicular phase. During
————————————————————— thiz phase, the primary follicles in the owvary grow to become a
fully mature Graafian follicle and similtaneod sy the encdometriimm
of uterus regenerates througdh proliferation. These changes in the

ovary and the uteris are induced by changes in the lewels of
pituitary atd ovarian hormones [Figure 3.9). The secretion of
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gonadotropins (LH and F5H) increases gradually during the follicular
phase, and stimulates follicular development as well as secretion of
estrogens by the growing follicles. Both LH and FSH attain a peak level
in the middle of cycle (about 14™ day). Rapid secretion of LH leading to
its maximum level during the mid-cycle called LH surge induces rupture
of Graafian follicle and thereby the release of ovum (ovulation). The
ovulation (ovulatory phase) is followed by the luteal phase during which
the remaining parts of the Graafian follicle transform as the corpus
luteum (Figure 3.9). The corpus luteum secretes large amounts of
progesterone which is essential for maintenance of the endometrium.
Such an endometrium is necessary for implantation of the fertilised
ovum and other events of pregnancy. During pregnanacy all events of
the menstrual cycle stop and there is no menstruation. In the absence
of fertilisation, the corpus luteum degenerates. This causes disintegration
of the endometrium leading to menstruation, marking a new cycle. In
human beings, menstrual cycles ceases around 50 years of age; that is
termed as menopause. Cyclic menstruation is an indicator of normal
reproductive phase and extends between menarche and menopause.

3.5 FErTrIsATION AND IMBLANTATION

During copulation (coitus) semen is released by the penis into the vagina
(insemination). The motile sperms swim rapidly, pass through the cervix,
enter into the uterus and finally reach the junction of the isthmus and
ampulla (ampullary-isthmic junction) of the fallopian tube (Figure 5.1 1b).
The ovum released by the ovaryisalso
transported to the ampullary-isthmic
junction where fertilisation takes
place. Fertilisation can only occur if
the ovum and sperms are transported
simultaneously to the ampullary-
isthmic junction. This is the reason
why not all copulations lead to
fertilisation and pregnancy.

The process of fusion of a sperm
with an ovum is called fertilisation.
During fertilisation, a sperm comes in
contact with the zona pellucida layer
of the ovum (Figure 3.10) and induces
changes in the membrane that block
the entry of additional sperms. Thus,
it ensures that only one sperm can
fertilise an ovum. The secretions of the
acrosome help the sperm enter into the
cytoplasm of the ovum through the
zona pellucida and the plasma

Figure 3.10 Ovum surrounded by few sperms
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membrane This induces the completion of the moeiotic division of the
gecotuclary oocyte. The s cotd meioti c divizioh is also whequal ancd results
i1 the formation of 4 second polar body and 2 hapload orurn [ooticd). Soon
the haploid fit clews of the sperms and that of the o fi s together 1o
formn acliploid #ygote. Houo many chrommosores Wil be there in the sygote?

e has toremmemmber that the sex of the baby has been deciced at this
stage itself. Let us see how? As o know the chiomosome pattern in the
hurmnat fermale is 25 ad that in the male is 57, Therefore, all the haploicd
garnete s prociiced by the fermale (Ova) have the sex chromosorme 3 whereas
it1 the male garmete s (sperms] the sex chromosone could be either & or ¥,
hetice, B0 per cent of spertns camy the X chmonosorne while the ather 50O per
cetit carty the ¥ After fusion of the male and female fametes the opgote
wodd carmy either 35 or XY depending on whether the sperm carrjing
of T fertilised the owim The sigote carrpitng s woulddevelop into a fenak
brabr arucl 75 waonald formn 2 mrale (o will leam rmore about the chromosornal
patterns it Chapter &), Thoat s wohwy, soentifioafly o s comrect o s ot the
e of the baby (s determined, By the father and not By e mother

The mitotic divzson starts as the oygote mone s thoough the isthimas
of the ovicluct called cleavage towards the utena s [Figure 5. 11] and formns
2,4, 38, 16 daughter cells called blastomeres. The embryo with 5 1o 16

Figure 3.11 Transport of ovam, ferfilisation snd pessage of growing embrpo through fallopian tube
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blastomerss is called a momla (Figare 5.1 1e). The morula continue s 1o
civick and transformes into blastocyst (Figure 3.1 18] as it moves further
into the uterus. The blastomems in the blastocyst are arrangedinto an
outer layer called trophoblast and an inter groap of cells attached to
trophoblast called the inner cell mass. The tophoblast lajer then gets
attached tothe endoretrivumand the inner cell mass gets differentiatec
as the embryo. After attachrrent, the wienne cells divide rapicly and covers
the blastocyst. As a msult, the blastooyst becomes embedded in the
endometrium of the uterus [Figure 3.11h). This is called implantation

atidl it leacs to pregnatcy.

2.8 PReerANSY AND EREATONN LEUVFLODTWRNT

After irnplantation, finger like projections appear on the trophoblast called
chorlonic vl which ame surroiinced by the wlerine tissue and maternal
blood The choronic willi and uterine tissue beoome interdigitated with
gach cther and joittly fiorm a structural and functional wnit between
developing efnbryo (foetus) and matemal body called placenta (Figure 5. 12).

The placetita facilitate the supply of cayden and nutrients to the
embryo and also rernoval of carbon cdiceice and exoetory waste materials
prochuced by the ermbrio. The placenita is conhected 1o the embrpo thioagh
aty urnbdlical cord which helps in the transport of substances to and from
the embryo. Flacenta alzo acts as an endocring tissue and produces
several hormones lilke human chodonic gonadoiropin (hicG), human
placental lactogen [hFL, esirogens, progestogens, etc. It the later
phasz of pregnancy, a hormone called relaxin iz also secretec by
the owary Let us remernber
that hics, hFL and relaxin
are procliiced in wommen
only curing pregnancy. In
additicey, during pregnaticy
the lesels of other hormones
like estrogens, progestogens,
corti 501, prolacting, thymsine,
gte., are increased several-
folds it the maternal blood.
Inereased procuction of the se
hormones iz essential for
supporting the fetal growth,
metabolic changes in the
rother and maintenance of
Pregnancy.

Immediately after
imnplantatiots, the inter cell

mass [embrpol differentiates Figume 3.12 The homnan foebas within the uterias

1
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itito an outer lajer called ectoderm and an inger layer called endoderm. &
mesoderm oot appears betwest the ectoderm and the endocdertn These
three lajers gve rise to all tissues [Organs in adults, It needs 1o be mrentioned
here that the inter cellmass contains certait tells called stem cells which
hawe the potency to give rise o all the tissues and organs.

What are the femjor fedtures of etmbryonis deceloprment ab oonous
months of pregnoney? The huaman pregnancy lasts S months. Do goo
knawr fang fronius pregnancg st ndoegs, elephuants, cabs® Bind out
In human beitngs, after one month of pregnancy, the embrpc’s heart is
formed. The first sign of growing fostil s ey be noticed by listening tothe
heart sound carefully through the stethoscoope. By the end of the second
miotith of preghnancy. the foetus develops limbs and digits. By the end of
12 weelks [first trimester), oost of the nwjor organ systems are formed,
for ezample, the limbs and external genital organs are well -deweloped.
The first movements of the foetu s and appearance of hairon the head ame
aally obsered durning the fifth mohth. By the etd of 24 weelcs [secotcd
trimester], the body is cowverec with fine hair, eje-lids separate, and
epelashes am fomed. By the end of nite mohths of pregnancy, the fostiis
is fullydeweloped and is reacly for delivery.

Y ParmipTmoN aNG LAOTATTON

The aserage duration of hurman pregnancy is about 5 months
which iz called the gestation period. Vigorows oortraction of the wherus at
the end of pregnatcy causes expalson fdelivery of the foetus, This process
of delivery of the foetus (childbirth) is called parturttion. Farturition iz
itcduced by a complex newrcencocringe mechanism The signals for
parturition ornginate fom the fully deweloped fetus and the placenta which
itwchace mild utering contractions called] foetal ejectlon reflex, This trighers
releass of oo fom the rretertel pituitary. Cegtocin acts o the uterine
rriscle and cansss strongder wherine aontractions, which in tum stinndates
further secretion of ceppocit. The stirilatory eiex between the wterine
cofitraction and cejtocin secretion contitnies resulting in strofger and
stronger contractions. This leads to eapulsot of the baby out of the whenis
throagh the birth canal — partuntion. Soon after the infant is delivered, the
placetita is also expelled out of the wlerus, Winal do goc thind the doctors
mject to nouce delivenys

The marmmary glands of the female wncdergo differentiation charing
pregnancy and starts prochacing milk towards the end of pregnancy by
the process called lactation. This helps the mother in feeding the new-
born. The il procha ced during the initial few dajs of lactation iz called
colostrum which conitains ssveral antibodies absolutely essential 1o
clevelop resistance for the new-born babies. Breast-feeding during the
initial period of infant gromethiis e eormmended by doctors for bringin g up
a healthy baby.



HIMAAN REPRODIMCTION

R R R R R R AR R R

SUMMARY

Humans are sexually reproducing and +viviparous. The male
reproductive spstem is composed of 2 pair of testes, the male zex
accessory ducts and the accessory glands and extems]l genitalia, Each
testiz has abowut 250 compertments called testicular lotiles, and sach
lobule contairs one to three highly coiled seminiferous tubules. Each
seminiferous tubule is lined inside by spermatogonia snd Sertoli calls,
The sparmatogonia undergo meiotic divisions leading to sparm for mation,
while Sartoli cells provide matrtion to the dividing germ calls. The Lepdig
cells oat=side the seminiferous tubuales, synthesize ard secrete testicudar
hormones called ardrogens. The male extemel genitalia is called penis.

The fernale reproductive spstem consists of a pair of overes, a padir
of oviducts, a uterus, a vagina, external genitalia, and a pair of
marnmary glands. The ovaries produce the female [onarn] arad
some steroid hormones [ovaran homones). Svarian follicles in differesnt
stages of development are embedded in the stroma. The oviducts, wheres
and wagine are fermale accessory ducts. The wdenas has three lapers
narmely perimetrium, mypometrinm and endometrinm. The female
extemmal genitalia includes mons pubis, labia majora. labia minora,
hymen and clitoris. The mammary glands are one of the female
secondary sexmaal cheracteristics.

Sparmatogenesis results in the formation of sparms that ane
transported by the male s accessory ducts. A& normal hoanen spearm
iz compeosed of 2 head, neclk 2 middle piece 2ol taid. The process of
tormation of mature female gametes is called oogenesis. The
reproductive cpcle of female primates is called menstrual cpole.
Merstrasl cpole starts only after attaining senial mabaration (pubsertyl.
During owalation only one owam is relkased par menstriel opole. The
cpclical chenges in the owery and the wems dunng menstrial cpcle
are induced by charnges in the lewels of pitvitary aod ovarian hormores.
After coitus, sparms are transported to the jpaoction of the isthrmoues and
ampulla, whers the sperm fertilise=s the owam leading o formation of a
diploid spgote. The pressnce of X or T chromosome in the spermm
determines the sex of the embrpo. The spgote tmdergoes repeated mitotic
division to form 2 blastoopst, which is implanted in the utenis resialting
in pregnency. After nine months of pregrency, the fully developed  fostus
is ready for delivery. The process of childbirth is called partburition which
is induced by & compler neurcendocrine mechanism irmolving cortisol,
estrogens and oxptocin Mammary glands differentiste during pregnancy
and secrete mills after child-tirth, The new-bom baby is fed midlk by the
mother (lactation] during the initial few momnths of growth,

.............................................................................................................................................

EAERCIEES

1. Fill in the blardes:

(2] Humarns reproduce [a==mally fsexaally]

(b Hurnans are [rviparons, WMperous, owowpero;as]
[c] Fertilisation is in bamars [eocternel finternal)

[d] Male znd female gamstes are [iplaid Meplad)

2] Zypgoteis _ [diploid fhaplod)

-
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if] The process of release of ovimn fom a mature follicle iz called

(gl rnalation is induced by a hormone called

(hl The fusion of male and femele gametes is called

il Fertilization talkes place mn

] EZpgote divides to form which i= implanted in wens.

(lx] The structare which provides vasoular conrection betwwesn fetas
and utems is called

Draw a labelled diagram of male reproductive spsterm.

Drane 2 labelled disgram of female reproductive spstemn.

Write two major functons each of testis and ovary.

Describe the structure of 2 seminiferous tubule.

What. i= sparmnatngenesi=? Brisfly describe the process of sparm stoganesis.
Name the homones inwilwed in regulstion of spermatogenesis.
Define spermiogenesis and spermistion.

Drane 2 labelled dizgram of sperm.

What are the major components of seminal plasma?

What are the major fimctions of male accessory ducts ard gands?
What is oogenesis? CGive a brief account of oogenesis.

. Draw a laballed diagram of a section through ovary.

Draw 2 labelled diagram of a Graafian follicdle?
Marne the furctions of the following:

[2) Qorpus lutenmn [b] Endornstriam
(o] AcTosoroe (d] Sperm tail
(el Fimbrize

Idertify Trie fFalse statements. Jomect each false statement to male
it trae.

(2] srdrogens are produced bty Sertoli cells. [Trus/Fals=)

[b] Spermnatoma get roatrition from Serboli cells. [ToaeFalse)

(=) Lepdig cells are fowdd in owery. [Troe Falss]

(d] Lepdig cells sprthesise androgens. [True/False]

[e] Oogenesis taltes place in corpus hateumn. [Toae Fals=s)

if] Ifemstrual cpcle ceases diring preghnancy. [Trae/Falss]

(g Presance or abssnce of hymen is not 2 reliable indicator of wirgivaty
or sexual experence. [TrasFalzel

What iz menstrual cpcle? Which hommores regulate menstrasl opcle?

What i= parbumition? Which hormones are irmotved in ndvaction of parborition?

Inour socisty the women are often blamed for g@ving birth to daughters,

2t poul explain why this i= not correct?

w maty sggs are released by a human o in a month? How mary
eggsd-:- tﬁnkmﬂdhm'ebeairelaasad the mother gawe birth to
i-:lentical trit? Wowld pour answer changs if the twins born were
fraternal?

How maty eggs do pou thinds were released by the ovary of 2 female dog
which gawe birth to 6 puppies?
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4.4

4.5

Feproductie Health —
Frablems and Strategies

Fopriation Dxplosfon
and Birth Control

Medical Termination of
Fregnancy

Sexrvally Transsnitted,
Diseases

I fertrility)

T have learnt about hurman reprochctive systermn and its
functions it Chapter 3. HMow, 1et’s disous s a clossly related
topic — reprochictive health, Tt do we understand By
this terr? The term sitnply efers tohealthy reprocha ctive
argans with normal functions. However, it has a broacer
perspective and includes the erotiotal and social aspects
of reprochuction also. According to the World Health
Crganisation (WH O], eproductive health means a total
well-being in all aspects of eprocuction, ie, phisical,
ernotictal, behatdoiral and social. Therefore, a socety with
people having physically and functionally normoal
Epmcitctive onfats and norirel erooticial sl behaioiral
interactions armong themin all sex-related aspects might
be called reprochactively healthy Wy is it significant to
rmaintain reprociuctise health and what ae the methocds
Lalety 1p to achieve it ?Let 1 s esarrine thern

.1 BemmonscTive Drnann - Fookisss aum
FTRATING IES

Incia was amongst the first countries in the world to
initiate action plans and programmre s at a natinnal lewel
1o attait total reprochiictise health as a social goal
These programmes called “family planning were
initiated in 1951 and were periodically assessed owver
the pastdecades. Impmied pog@raiine s oovWering wicer
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reproduction related areas are currently in operation under the
popudar name Repmochictive and Child Health Care [(RCH) programmes™.
Creating awareness among people about wariou s reprocitction relatec
aspects and providing facilities and support for building wp a
reprociuctively healthy society are the major tasks uncder the se
PrOErarrmmes.

With the help of audio-wisual and the print-media govemorental ancd
toty - @vernmrental agenicie s have talen various steps 1o create awareness
among the people aboat eprocuction related aspects. Farents, other
closs relatives, teachers and friends, also have a major mle in the
dissermination of the abowe information. Intmoduction of sea ech cation
in schools should also be encouraged to provicde right information to
the foung &0 as to discorage children from believing in fyth s and
having miscotceptions about sex-related aspects. Proper information
about reproductive organs, adolescence andrelated changes, safe and
hygienic sxial practices, seEially transmitted diseases [ETD). AIDE,
gte., would help people, especially those in the adoles cent age group o
lead a reprodiictively healthy life. Educating people, especially fertile
cotples and those in marmiageable age group, about avaiable birth
cortrol options, cam of pregnant mothers, post-natal care of the oother
atd child, importan oe of breast feeditg, e ual opportutities for the mele
andthe femals child, ete., would addres s the importance of bringing up
socially cotizcions healthy families of desired sife. Awareness of problemns
due to uncontrolled population growth, social evils like sea-abuse and
sex-mlated crimes, eto, need to be created to enable people to think
and take up necessary steps to prevent them and thereby build up a
socially re sponsible and healthy society.

Successiul implementation of wariouws actiof plans to attain
reprodictive health equire s strong infrastructural facilitie s, profe ssional
eapertis= and material support. Thess are eszential to prowvide medical
assistatice and care to people in reprociucticn-related problems like
pregnancy, celivery, STD s, abartions, contraception, menstnial pmoblermns,
infertility, etc. Implemrentation of better techniques and new strategdies
from tirme to timme are also required to provice more efficient care and
assistance to people. Statutory ban on ammdoceniesls [a foetal sex
detemnination test bazed on the chronosaomal pattern in the amnictic
flid surnounding the ceveloping embrio) for sex-cetemmnation tolegally
checkinmreasing female foeticides, massvwe child irmranisation, ete, are
sOfre progranoe s that merit mention in this connection.

Fesearchon variou s reprocluction-related areas are encouragec ancl
supported by fovemmmental and non-governmental agencies to find out
new methods and/for to iroprove wpon the existind ones. Do gots koo
thoat \Sahell'—a netd ofdl contrdoeplice Jor the Jermales—toas developed
by seieniists ab Cenbral g Researahunastine (COED 0 Lockneocs, Indos?
Betterawarenes s about s related] matter s, increasec nurmber of mecically
assizted deliveries and better post-natal care leading todedreaszed matemal
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and infant mortality rates, increased number of couples with small
farnilie s, better detection and cue of STD s and overall increa s mect cal
facilitie sfor all ssE-related problerns, et all inclicate imnprossec reprociictive
health of the society.

4 % Popmoaron Bypiosion ann BInTH (o TRoL

It1 the last cettury an all-round devel oprrent it wanion s fields significant]y
irnproed] the guality of life of the people. Howeter, increasec health fadlities
alotyd with better living condition s had an explosive impact an the growth
of population. The world population which was around 2 billion
(2000 rlliot) in 1900 rocketed to about 6 billions by 2000, A similar
trend was obserwedin India too, Cur population which was approairmately
380 million at the time of our indepehdence reached closs to the billion
rmark by 2000 and crossed 1 billion in May 2000, That means, every
sizgth perzon it the world iz an Indian. & rapid decline in death rate,
maternal mortaltty rate [IMWE] and infant mortaliy rate [ME] as
well as anincrease in nuamber of people in eprochacible age are probable
mason s o this, Thmough our RCH programmes, thiough we could bring
cown the populaticn gmowth rate, it was only marginal. According to the
2001 cetizu s report, the population growth rate was stillamund 1.7 per
cent, ie., 171000 Mear a rate at which our population cowld double in
38 years. Such an alaming growth rate could lead to an absolute s carcity
of ever the basic requirerrents, i.e., food, shelter and clothityg, it spite of
significant progress made in those areas. Therefore, the governiment was
forced totake 1up serionl s measures tocheck this population growth rate.

Themost irmportant step toowvercomne this problemis tomotivate smaller
farmlies by wusing wanous contraceptive methods Tou ooght haswe seen
achertisemrents it the media as well as posters, ills, ste., showitd a happy
coiaple with two children with a slogan Hurn Do Harmare Do [we two, our
twa). Iiangy couples, mostly the joung, urban, working ones have even
adopted at ohne child nomn’. Statutory raising of marriageable age of the
fermale to 13 pears and that of males to 21 jears, and incentive s givento
coiples with small famlies ame two of the other mea sames taleen totackle
thiz problem Let ws describe some of the comnonly wsed contraceptive
mrethods, which help prevent unwanted pregran cdes.

A ideal cottraceptive should be userfriendly. easly available.
effective and reversible with no orleast side-effects. It also should in no
way infterfere with the sexrual drive, desie and for the se:nal act of the
el A wide rang: of contraceptive methods are presently available which
conalcd be broadly grouped into the following categories, namely
Matural fTraditional, Barrier, [UDE, Oral conhtraceptives, Injectables,
Irnplants and Surgical methods.

Natural methods work o the princple of avwoicing chat ces of owim
and sperms meeting. Perlodic abstinence iz one sich method in which
the cotple s avoicl of abstain fom coitus ffom day 10101 Tofthe renstniaal
cyele when owilation ooild be expected. As chances of fertili zation are

1
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wery high during this period, it i called the fertile period, Ther efore, by
abstaining from coibas during this period, conception could be prevernted,
Withdrawal or coitos intermiptis i= anoth er method inwhich the male
parter with draws his penis from th eva gina just before gacuation soas
to awoid insemination, Lactational amenorrhea [(absence of

menstruation] method iz based onthe fact that saalation

ard therefore the cpcle do not ocour during the period of

— intenze lactation following partarition, Therefore, az long

T

Figue 4.1(a) Concdom for mals

az the mother breast-feeds the child fully, chances of
conception are almost i, However, thiz method has been
reported to be eff ective orly upto 2 maxnom period of =ix
monith = following parturition, &= no medicines or devices
are uzed in thesze methods, side effects are almost nil,
Chances of failure, though, of thismethod are also high,
In barrier methods, ovam and spermes are prevented
from physically mesting with the help of barriers, Such
methodzs are avaiable for both males and females,
Condoms [Figure4. 1 a, bl are barmiers made of thin rabber /
latex sheath that are uszed to cover the perdzinthe male or

Figure 4.1(b) Concom for female wagdina and cervix it the female, just before coituz so that

the gaculated semen would not enter into the female
reproductve fract, This can prevent conception, Mirodh'is
a popular brand of condom for the male, Usze of condoms
haz increazed in recent years dueto itz additiore] bendit of
protecting the user from cortracting 3TD = and AIDE, Both
the male and the female condoms are dizpozable, canbe
zeli-inzerted and thereby dives privacy to the user
Diaphragms, cervical caps and vanlts are al=o barmiers
made of nubber thatareinzerted irdo thefanalereprodudsee
tract to cover the cerviz during coituz, They prevent
concephion by Hocking the enfry of spermes through the
cerviz, Thew are reusable, Spermicidal creames, jellies and
toarms areusually used al ongwith thess barmiers to increa.se
their contraceptive effici ey,

srnoth e effectiveand popular method is theuse of Intra
Uterine Devices (IUDs). These devices are inzerted by
doctors or expert rarses in the uterus through wagine,
Thesze Intra Uterine Devices are presently available azthe

Figure 4.2, Copper T [CuT) non-medicated 0D (&4, Lippes loopl, copper releasing

———

IUD:s [(CuT, Cu?, Multiload 275 and the hormone releasing IUDs
[Progestasert, LING-20] [Figure 4, 2], IUDz increase phagocytosis of sperms
within the uterus and the Cu ions releazed suppress sperm motlity
ard the fertilizing capacity of sperms The homone releasing I0Ds,
in addition, make the uterus unsuitable for implantation and the
cerviz hostile to the spermes IUDs are ideal contra ceptives for thefemales
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who want to delay pregnancy and/or space children. It is
one of most widely accepted methods of contraception in
India.

Oral administration of small doses of either progestogens
or progestogen-estrogen combinations is another
contraceptive method used by the females. They are used
in the form of tablets and hence are popularly called the
pills. Pills have to be taken daily for a period of 21 days
starting preferably within the first five days of menstrual
cycle. After a gap of 7 days (during which menstruation
occurs) it has to be repeated in the same pattern till the
fernale desires to prevent conception. They inhibit ovulation
and implantation as well as alter the quality of cervical mucus to prevent /
retard entry of sperms. Pills are very effective with lesser side effects and
are well accepted by the females. Saheli-the new oral contraceptive for
the females contains a non-steroidal preparation. Itis a ‘once a week’ pill
with very few side effects and high contraceptive value.

Progestogens alorne or in combination with estrogen can also be used
by females as injections or implants under the skin (Figure 4.3). Their
mode of action is similar to that of pills and their effective periods are
much longer. Administration of progestogens or progestogen-estrogen
combinations or IUDs within 72 hours of coitus have been found to be
very effective as emergency contraceptives as they could be used to avoid
possible pregnancy due to rape or casual unprotected intercourse.

Surgical methods, also called sterilisation, are generally advised for
the male/female partner as a terminal method to prevent any more
pregnancies. Surgical intervention blocks gamete transport and thereby
prevent conception. Sterilisation procedurein the maleis called ‘vasectomy’

Figure 4.8 Implants

Fallopian tubes
ted and cut

Figure 4.4a Vasectomy Figure 4.4 (b) Tubectomy
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andthatinthe ferele. “tubectomy . In vasectomy, A small part of the was
deferet & is remrovec of tied up throiygh a smwll inciziod of the semotuirn
(Figure 4. 4a] whereas in tubsctonyy, a small part of the fallopian tubeis
remoned [Figure 4 40 of tied up through a smellitncsiod it the aboommen
or through vagina. These techniques are highly effective but their
reversbility iz very poot.

It neads to be ernphasised that the selectionof a suitable contraceptive
method and its 1se should always be undertaken in consultation with
qualified nedical professionals. One must also remember that
contraceptives are ot regular requienent: or the nwintenance of
reproductive health. In fact, they are practiced against a natural
reprochiclive event, i e, coticeptict /pregnatcy. One iz forced 1o wse these
rrethods either to presvent pregnatcy or to delay o space pregnancy e
to peraonal reasots. Modoubt, the widespread 1 s of the s methods have
a significant role in che ceitg uneottrolled gromtt of popualation. Howeser,
their possible idlleffects lilke naitzea, abdommnal pain, breakthmough
bleeding, irre@alar men strual bleeding or evet breast cancer, though not
very sighificant, should not be totally ignored.

4. 2 bMrneea. Temaananon or Deecnnsmcy (TP

Intentiotial of Wwoluntary termination of pregnatcy before fall termis called
medical termination of pregnancy MTF) or induced abortion. Hearly
45 to 50 million MTEFs are perfonmed in a jear all over the world which
accounts to 1 /6thof the total nurmber of coneeived pregdnancies in a fear
Cbwviciasly, MTF has a significant mlein decmeasing the popualation thioaggh
it is ot meant for that purpose. Whether to accept flegalize MTFornotis
beit g debated wpan it ey countries duae 1o enotional, ethical, religiois
and social issues inwlved in it Government of India legalisec MTE in
1971 with some strict conditiohs to awid its misise. Buch restriction s
ame all the mom important 1o check inciscriminate and illegal female
foeticides which am reported to be high in ndia.

Why MTE? Obwiously the answer is-to get rid of wnwanted
pregnancies either due tocazual unprotected inter corse or failume ofthe
cottra ceptive wsed durnng coitils of fapes. LITFs are als0 essential in
certain cases where contitmiation of the pregnancy could be harmfal or
even fatal either tothe mother or tothe foetus or both.

MITHs are cotiziclered relatively safe during the first trimester.ie. apto
12 weelsof pregnancy. Seoond tritrester abortions are fach more risker.
Cedisturbing tretd cbserved is that a majority of the MITPs are performed
fllegally by ungualified quacks which are not only unsafe but coudd be
fatal too. shother dangemis trend iz the mbsuss of amohioentesis o
determine the sex of the unborn child  Frequently, if the foetus is found
to be fernale, it is followed by LITF- this is totally against what iz legal.
Buchpractices should be avoided becaitze thes are dangderon s both for
the young maother and the foetus. Effective counselling on the need 1o
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avioid unprote ched coitus and the risk factors involved in illegal abortiots
as well as provicling roore health care faclitie s could rever s the mrentionec
unihealt hy trencd

4.4 Szopansy TRAEAETIRD Demags BTk

Diszases of infections which are transmuitted through seamal intercourse
are collectively called sexuially transmitted dissaszes [BTD) or venereal
disgasss (VO] of reprocdiuctive tract infections (BT, Gotorthoea, spphilis,
genital herpes, chlampdiasis, genital warts, trichomonia sis, hepatitis-B
atdl o course, the most dizcis sd infection it the recent pears, HIV lBaclitg
to AIDE are some of the comumon STD s Amongd these, HIV infection is
rost dangermis and is discussed in detail in Chapter 5.

Some of these infections like hepatitiz—B and HIV can alzo be
transmitted by sharing of injection needles, surgical instrument s, ete.,
with infected persons, transfusion of blood, or ffomm an infected oother o
the fostus oo, Except for hepatitiz-B, genital herpes and HIV inde cticns,
other diseasss are completely curable if detected early and treated
properly. Early syroptomns of nost of thess are oonor and include itehing,
fid discharge, slight pain, swellings, ete. inthe genital region. nfected
fermales may often be aspmpiomatic and hence, maj remein undetectec
for long. Absshice of less significant syoptoms in the early stages of
infection and the social stigma attached tothe 3TDs, deter the infected
persons fnom going for tirrely detection and proper treatmett. This oould
lead to complications later, which include pelwic inflanmatory diseases
[FIL, abortions, still births, ectopic pregnance s, infertility or even cancoer
of the repmociictive tract. 8TD: are a major threat toa healthy society.
Therefore, prevention of eady detection and cure of these diseases are
given prime cotnsideration under the reprocductive health-care
prograne 5. Thowgh all persons are wilnerable tothese infections, their
incidences are reported to be ey high among persons in the agde gooup
of 15-24 t=ars —the age group to which you also belong, Don't patiic.
Frevention is in pour hands. Tou could be fres of these infections if jonu
follow the simple principles giver below:

[ Asoid s with unkenowh parthers Mot ple partners.
[ii] Always use corcdomms during coitis.

[iii] M1 caseofdoubt, gotoa qualified doctor for early dete ction ancd
get complete treatroent if diagnosed with cdis=ase.

4, 5% INFRRTOITY

Adizmisson on reproductive health iz in complete without a ention of
infertility. & larde number of couples all over the world inchading India
are infertile, i e, they ame unable toproci ce children inspite of unprotected
seaal oo-habitatiots, The reaszons for thiz could be mwany-physical,
cotigenital, diseases, drugs, imnminolodical or even psypchological

-
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In Inciia, often the female is blamed for the couple being childless, but
e oftet than hot, the problem lies in the nwle parther. Specialised
health care uhits [infertility clinics, etc] oould help in diagnosis and
corrective treatmrent of some of these disorders and enabile the se couples 1o
have children. Howeser, where such cormection s are ot pos sible. the oouple s
codd be aszisted to hase children thimigh cerfait special techhiques
corrmronly known a5 assisied reproduciive technologles (AR T].

In vitre fertiisation [VF-fertilization cutside the body in almost
sifrilar ootichition s as that in the body] followed by embryo transfer [ET)
iz one of such methods. In this method, popularly known as test itube
baby pmograrmme, owa fmom the wife fdotor [fenwle) and sperms fmmthe
bt sband fdonor [fele] are collected and areinchi ced toform mpgote whder
sirmlated concditions in the laboratory. The mpgote or early emnbryos [with
upto & blastorneres) could then be transferred into the fallopian tube
[EIFT-zygote Inira falloplan transfer] and embros with more than
& blastomems, intothe uteras [[UT - intra uierlne transfer], to corplete
its further developrrent. Embrios formed by in-wvo fertilisation [fitsion
of garrete s within the fernale] alzo coudd be wsed for such transfer o a ssist
those fernale s who cannot conceive.

Tratsfer of an ovwim collected fromm a dohor into the fallopian tuabe
[SIFT — gamete Inira falloplan iransfer] of another fermnale who cannot
proclice ore, but can prowide suitable envirotment for fertilisation and
further development iz another method attemmpied. Intra cytoplasmic
spemn Injeciion [1CEI) iz another spedalized procechue toforman ernbrio
inn the laboratory in which a spermis dimctly injected into the owam
Infertility cases either chie to inability of the male parther toinsemitate
the fermale or chae to wery low sperm count s in the ejacilates, could be
corrected by artificial insemina tion [Al) techtique In this techhique,
the semen collected either fiom the hitsband o ahealtty donor is atificia 1y
introduced either into the wagina or into the uteras (U - Ini ra-uierine
Insemination] of the fermale.

Though opticti s are many, all these techniques require etrernely
high precizion handling by specialised professionals and expensive
instrumentation. Therefome, the s facilitie s are presently available orly
in weryfew centres in the country. Obwouslitheir benefits i s aforcdable
to only a limited nuwmber of people. Emctional, relifiois and social
factors are alsodeterrents in the adoption of these methods. Since the
ultirnate aimof all these procedures iz 1o have children, in Incia we hawe
s0 Mmaty orphaned and destitute children, who would probably oot
survive il maturity, wnless taleen care of. Char laws pertot legal adoption
and it iz as yet, one of the best methods for couples looking for
parenthood
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SUMMARY

Feproductive health refers to a total well-being in all aspects of
reproduction ie., physicel emotionsl behasvioural snd social. Ouar
hatioh was the first nation in the world o initiate vabous action platns
at nationel level towards attaining 2 reproductively heslthy society.

Counselling and creating awarsness among people about
reproductive orgens, adolescence ard associated changes, safe and
hygienic sexual practices, sexnally transmitted diseases [(S8TDs=)
including ATDE, eto., is the primary step towerds reproductive bealth
Froviding medical facilities and care to the problems like menstriaal
irregularities, preghancy related aspects, delivery medical termnination
of pregnancy, STDs, birth control, nfertidity, post natal child aed
materrel management is another importart aspect of the Reproductve
and Child Health Care programmmes.

4 overall improsvement in reproductive health has talken place n
our country as indicated by reduced matemel and nfant mortality
rates, early detection snd cure of STDs, assistance to infertile couples,
ets, Improwed health facdities and better living conditions promoted an
explosive growth of population. Such a growth necessitated intenss
propagetion of contraceptive methods, Wanous contraceptive options
are available now such a=s natural traditional, barmer, [UDs=, pills,
injectables, implants and sargcsl methods. Though contraceptives are
not regulsr requirements for reproductive health, one is forced o ==

thermn to zwoid pregnency or to delay or space pregoancy.

Medical terrnmnation of pregherncy is Egalized inour coumtry. MTF &=
gererally performed to gt od of tmwanted pregnancy due fo rapes, cesual
relationship, o, as al=o in cases when the contirmation of pregnamncy
could be harmbad or esen fatal to eitler the mother, or the foetas or botly

Dissases or indections transmitted thoough sscusl intercourss ars
called Sexnally Transmitted Dissases [ETDs). Felvic Inflammatory
Diseazes [FID=), still birth, infertility are some of the complications of
thern. Early detection facilitate bether cire of these dissases. fwoiding
saxmal intercourse with wrdoowm roultiple parthers, vse of cordoms
diring coitus are some of the simple precaatiorns to awoid  contracting
ETD=.

Inability to conceive or produce children evwen after 2 pesrs of
unprotected sexual cohsbitation is called infertility, Warows methods
are now available to help such coaples. In Vitro fertidisation followed by
tratister of embrpo into the female genital tract i= one such method and
is commonly kmown &= the “Test Tubse Baby' Programmme.

-
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BIOLOGY

EXERCISES

Tthat do pon thinke is the significance of reproductive health in a society?

Suggest the aspects of reproductive health which need to be given
special attention in the present scenamo.

I=s sexr education necessary in schools?  TWhy?

Do pou thirde that reproductive hesalth in our courtry hes improved in
the past 52 pears? I pes, mention some swuch areas of i provernent.

Tihat are the suggested ressons for population explosion?
I= the use of contraceptives justified? Gite reasons.
Femovel of gonads carmot be considered 2= 2 contraceptive option. Ty

Aroniccertesis for sex determination is banned in our country. I=s this
bean recessary? Cormrmernt.

Suggest some methods to assist infertile couples to have childran
TaiThet. are the messares one has to tale o prevent from contracting STDs?
State Trae/False with explanation

(2] Abortions could heppen spontanecusly too, [Trae/False]

(bl Infertiity i= defired as the inability to produce a viable offspring
and is alwaps due to sbnormalities fdefact= i1 the femnale partner.
[Trae Falss)

(2] Complete lactation could help as a natural method of
contraception. [Trae/Falss)

[dl Creating awsreness about sex related aspects iz an effective
method to improve reproductive health of the people. [Toas/Falss)

Correct the following staterments

(2] Swrgicel methods of contraception prevert gamete formation.

(b 4l z=ruelly transmitted dissases are completelp curable.

(=] Oral pills are wary popular comtracephives among the raral women
(] mE. T techniques, embrpos are alvays transferred into the uteras.




UNIT VI

GENETICS AND EVOLUTION

Chapter5
Principles of Inheritance
and Wariation

Chapters
miole cular Basis of Inheritance

Chapter?
Ewalution

The work of Mendel and othars who folowed him gave vz an
idea ofinheritance patterns. Howewverthe nature of those *factors’
which determing the phencotype was not very clear. As these
facton’represent the genetic basis of inheritance, undearstanding
the structure of genetic material and the structural basis of
gencltype and phenotype conversion became the focus of
attention in biology for the next century. The entire body of
mole cular biology was o consequent development with major
contributions from Watson, Crick, Mirenb erg, Khorana, Kombeargs
(fatherand son], Berzer, Monod, Brenner, et A parallel problem
being tackled was the machanismm of evolufion. Awareness in the
areas of maolecular genetics, structuralbiclogy andbio informatics
hawe entiched cur understanding of the molecular basis of
evolution. In this unit the structure and function of DMNA and the
story and theory of evolution have been examined and explained.




James Dewey Watson waoe bom in Chicago on & April 1928, In 1947, he
received B.ic. degree in Zoology. During these wears his interest in
birchwatching had matured into a seriows desire to learn genetics. This
became possible when he received a Fellowship for graduate studyin
Loology at Indiana University, Bloomington, where he received his Ph.D.
degree in 1990 onastudy of the effect of hard X+ ays onbacteriophage
multiplication.

He met Crick and discovered their commen inferest in solving the
DA structure. Their first seriows effort, was ureatisfactons Theirsecond effort
bazed upon more experimental evidence and better appreciation of
the nucleic acid literature, resulted, early in March 1753, in the proposal
of the complementary double-helical corfiguration.

. Francis Harry Compton Crick was bornon8 June 19148, at Morthampton,
Lames Woatson England. He studied physics ot University College, London and oltained
Fraucis Crick aB.Ac.in 1937, He completed Ph.D. in 1954 on a thesis entitled “s-rany
Diffraction: Polypeptides and Proteirs™.

A critical influence in Crick’s career wos his friendship with 1. D.
Watson, then a young man of 23, leading in 1953 to the proposal of
the double-helical structure for DMNA and the replicationscheme. Crick
wioe made an FES in 1759,

The honowrs o Waotson with Crick include: the John Celing Warren
Frize of the Massachusetts General Hospital, in 1959 the Lasker Award,
in 1940; the Research Corpordglion Prize, in 19462 and abowve all, the
Mol Prize in 1962,




CHAPTER &

PRINCIPLES OF INHERITANCE
AND VARIATION

BI  Mendel's Lowoz af

Inheritan.oe
52 Inheritance of One (ene Hawe you ever wondemed why an elephant always gives
_ birth only toa babielephant and not sorne other anits]
53 Inheritance of Towo Genes Or why a mango seed forms only a mango plant and oot
bd Sex Determination any other plant’?
Giventhat theydo, am the offspring identical totheir
55 Mutation

parents? Or do they show differences in some of their
b Genetic Dis onders characteristics” Hawe pou ever woncered why siblings
somnetitres ook 0 simdlar to each other? Or sonetimes
evetl sodiffersnt™

These and several mlated questions ame dealt with,
srientifically, in a branch of biology own as Genetics.
Thiz subject deals with the inheritance, as well as the
variation of characters from parents to offspring.
Inheritance is the process by which characters am passed
on from parent to progeny, it iz the basis of heredity.
Wariation iz the degree by which progeny differ from their
paretits.

Hurnats ktew fmom as early as S000-1000 B.C. that
ong of the causes of variation was hidden in seaual
reprociiction. They exploited the vwariation s that were
naturally present in the wild populations of plants and
anifnals to selectively bresd and szlect for organisons that
possessedl desirable characters. For exammple, through
artificial selection and domestication ffom ance stral



Figure 5.1 S=ven pairs of contrasting traits in
pea plant stadied by hisndel

HIOLOGY

Ravwnabvn todt  wild cows, we have well-known Indian

breeds, & 4., Zahiwal cows in Punjab. e
must, however, recognise that though our
ancestors knew about the inheritance of
characters and wariation, they had wery
little idea about the scientific basizof thess
phenomrena.

.1 Mevoro’'s Laws oF INERRITANCE

It was duritg the mod-hinetesnth centary that
headway was moade in the understanding of
inheritance. Gregor Mencdel, conducted
hybridization experirent s on Farden peas for
sEvEn years [1856-1863] and pmoposed the
laws of inheritancs in iving organisins. Durng
Mendel's investigations into inheritatce
patternzit was for the first tirme that statistical
analysis and matherati cal logic were applied
1o problems in biclogy. His experiment s had a
large sampling size, which gawve greater
credibility to the data that he cllected. Also,
the confirmation of his inferences fTom
experirents on succe ssive generation s of his
test plants, provec that hiz results pointec 1o
general nules of inheritance rather than being
unsubstantiated ideas. Mendel investigated
chararcters in the garden pea plant that were
rmanifested as two opposing traits, e . tall or
clwarf plants, jellow or green seecds. This
allowed hirn to set up a basc Tamework of
riles governing inheritance, which was
expatced on by later soentizts 1o acoount for
all the diverse natural observatiotis and the
complesity inherent in themn

Mendel conducted such artificial
pollinatiof feross pollination experiment s
it several tnie-breecing pea lines. Atrie-
breeding line is one that, having undengone

cottinioils self-pollination, shows the stable trait inheritance and
gxpression for several generations. Mendel selected 14 true-breeding pea

plant varietie s, as pairs which were similar except for ote characer with
cotitrasting traits. Some of the contrasting traits selected were srmooth or
wrinkled seeds, yellow of green seeds, smooth or inflated pocds, greet or
yellow pods and tall or cward plants [Figure 5.1, Table 5.1).



FEINCIFLES: OF ISHERITANCE AND YARATHIN

Table 5.1: Contrasting Traits Studied by
Mendel in Pea

SNo. Characters Comrasting Traits

a Stern height Twkif dupagt

(2. Flewr color  Vielebfuohite

ia Flovper posilior Al bl

‘4. Pod shape Infiated feonstricted |
B Pod cadour Greenfyeffw :
‘g, Feed shape Rourd fuorimded

7 Feed wolalr Tedoun green

1.0 [MHERTTAMCE oF JNE STWE

Let us take the example of one such
hybridisation experimnent carried out by
Iienckel where he cross=d tall anddwarf pea
plants to study the inheritance of ones gene
[Figure 5. Z). He collected the seecs procha cecl
as a msult of this cross and grew themm to
gEnerate plants of the first hybrid gereration.
Thiz generation iz also called the Fillal,
progeny of the F,. Mence] cbserved that 2l
the B, progeny plants were tall, like one of
itz parents, hote were dward (Figume 16 3).
He made simmilar observation s for the other
pairs of traits —he found that the B, always
rezmbled either one of the parents, and that
the trait of the other parent was ot szen it 9
therm

Mencel then self-pollinated the tall By
plants and tohis surprise found that inthe
Filial, getieration sorre of the offspring were
dwarf’, the character that was not seen in .
the F, generation was tiow expressed. The Figure 5.2 Steps in maling a cross in pea
proportion of plants that were dwarf were
14 of the F_ plants while 3 /4 of the B, plants were tall. The tall and
Clwarf traits were icentical totheir parental type and did not show ang
blending, that iz all the offspring were either tall o dwarf, none were of it-
betwesn height [Figare 5.3).

Sirrilar result s were obtained with the other traits that he studied:
oty one of the parental traits was expressedin the | generation while at
the F, stage both the traits were expressed in the proportion 301, The
cotutrasting traits did not show angy blending at either B or B stage.

1
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Baszed on these obsmovations,
Mietudel propossd that something
was being stably passed down,
utichatged, fom parent to ofifzpring
through the gametes, ower
siccessive generations He called
these thing s as ‘factors”. Mowadays,
we call thern as genes. Genes,
therefore, are the units of
inheritance. They contain the
information that is required o
eEpress a particular trait, in an
Orfanism. Genes which code for a
pair of cotutra sting traits are koo
as alleles, ie., they are slightly
cli ffierent forms of the same gehe.

If wense alphabtetical sprbol s
for each getie, then the capital letter
iz used] fior the trait eaxpres secl at the
B stage and the small alphabet for
the other trait. For exarnple, in case
of the character of height, Tis used
fior the Tall trait and & for the cwar™,
and Tand tare alleles of each ather.

D 1102, 0 plants the pair of alleles
for height would be TP, Tt or i

Figure 53 Dizgramroatic represartation Mendel alzo proposed that it 2 tniae

of monchybrid cress breeding, tall or dwarf pea variety
the allelic pair of genes 1or height are
icentical or homozygous, TT and i, respectively. TT and & am called
the genotype of the plant while the descriptive termes tall anc dwarf are
the phenotype. Wt tuen would be the phenotype of o plant thord o,
@ genotype TLF
&3 Mendel found the phenotype of the B heterogygote TE o be esa ofly
like the TPparetit it appearatice, he proposed that in a pair of dissmilar
factors, ohe dominates the other (as in the F)| and hence is called the
dominant factor while the other factor iz recesslve | [h this case T [for
tallte ss) is dornitant orer & [for dwarfnes s that is meoeesswve. He obszoved
idetitical behavotir for all the other characters ftrait-peirs that he staciec.
It is conienient [and logical] io use the capital and lower case of an
alphabetical symbol to remermber this concept of domitance and
reessweness. [Do not wse Tior tall and d for dwarf because jou will
find it difficult to remember whether T and d are alleles of the same
gene feharacter or not). Allele s can be sitrilar az in the case of hoooeigote s
TTand £t or can be dissimilar as in the case of the hetermejgote TE. Since
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the Tt plant is heterozydous for gene s aontrolling
ate character (height], it iz 2 momohybrid and the
cross betweety TT and tt is 2 monohybrld cross.
Fromn the observatich that the meces sive parental
trait is exrpressed without any blending in the F,
geheration, we can infer that, when the tall and
ctwarf plant produce gametes, by the process of
mreEioEs, the alleles ofthe pamental pair ssparate or
segregate from each other and only one allele is
transmmitted to a gamete. This ssgredatiotof alleles
is a rancom process and so there is a2 5O per cent
chance of a gamete containing either allele, as has
been verified by the results of the oros sngs. In this
way the garmete s of the tall TTplants have the allels
Tandthe gametes of the dwarf & plants hawve the
allele £ Dwuaring fertili sation the two alleles, Timom
one parent zay, thoough the pollen, and & fomm the
other parent, then through the eggd, are united to
prochuce mpgotes that hae one Tallele and one £
allele. In other womls the hytbrids hawe TE Since
these hybrids contain alleles which eaxpress
cofitrasting traits the plants are heterozygous. The
prochiction of gammetes by the paents, the formation
of the zygotes, the B, and F, plants can be
tinder #hood frorn a diagram callecd Punnett Squa e
as shown in Figume b4 Ihwas developed by a British
geheticizt, Reginald C Puhnett. It is a graphical
mEpresentation to caloulate the probability of all
possible genotypes of of spring ity 4 getietic cross.
The possible gamrmetes are written on two sides,
tsially the top row and lef columh . Al possible
cornbinations are represertec in bose s below in the
sg]utares, which geterates a squae output form

The Punnett Square shows the parental tall 7T Figure 5.4

male) and dwarf & [female] plants, the gametes
procuced by them and, the B Tt progeny. The )
plantz of genotype TL are self-pollinatecd. The
symbolzs § and o are used to dencte the fermale

[Egds] and male [pollen] of the B densration, respectively. The B plant of
the genctipe TL when salf-pollinated, produces ganetes of the gnotipe
T and t in equal proportion. When fertilization takes place, the pollen

&4 Punnett sgquare used to
urderstard a typical morohybrid
cross conducted by Mendel
betumen trae-tresding tall plants
ard truebreeding duesrt plants

graitis of genotype Thase a 50 per cent chance to pollinate egds of the
gEnotipe T, as well as of genctipe £ Also pollen graits of gehotype thave
a B0 per ent chance of pollinating egds of genctype T, as well as of

1
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genatype & As a result of rancomfenilisation, the resultant spgotes can
be of the genotypes TT, Tior i,

From the Punnet square it is easily seen that 1749 of the randorm
fertilisations lead to TT, 1/2 lead to Tt and 1 /4% to i Though the F|
hawe a genotype of TE, but the phenotypic character seenis tall’. ALF,,
3/ of the platts are tall, whers some of them are TT while others are
Tt. BEaternally it is not possible to distinguish between the plants with
the genotipes TT and Tt Hetiee, withit the genopitic pair Ttotly one
character “I" tall is expressed. Hence the character T or “tall” is said to
dorrinate over the other allele tor ‘dwarf’ character It is this due tothis
dominance of one character over the other that all the B am tall [though
the genctype is TH and in the F, 3/4%of the plants are tall [though
genotppically 1 /2 ae Ttandonly 1 /4% ame T, This leads toa phendtypic
ratioof 5 /4™all (14 TT+ 172 T and 1/4% t,ie., a 31 ratio, buta
genotipic ratioof 1:2:1.

Thel/4:1 /2 14 ratioof T Tt i iz mathematically cotidet sable
to the forn of the binomial expression [ax +b3)?, that has the gametes
bearing genes Tor §inegual frequeticy of 12, The expressioh is expanced
as diven below

(/2T + 1/283= [1/2T « /203 (1 /2T + 1720 = 1 /4 TT + 1 /2Tt + 1 /44t

Mendel self-pollinated the F, plants and found that dwardf F_ plants
cotrtitiged to generate dwarf plants in B, and F, generations. He cotclucec
that the genotipe of the dwarfz was hommorpgoun s — &, What Do goc think
e wooLdd, haoee gob fhutd e self-poliinated. o fall F, plant?

From the preceeding patagraphs itis clear that thiough the getiotipic
ratios can be caleudated using mathematical probabiity, But sinoply
locking at the phenotipe of a dominant trait, it iz not possible to kow
the genaotypic comnposition. That is, for exaniple, whether a tall plant from
F,or Fy has TT or Tt composition, cannot be predicted Thersfore, to
determrine the genotype of 2 tall plant at B Mendel crossed the tall plant
fmomF,_ with adwarf plant. This he called a test cross. In a typical test
cI0Es atlorgatisin [pea plant s here) showing a dominant phenotipe (a0
whose genotipe is to be determited) iz crossed with the reces s pament
instead of slf-crossing. The progenies of such a cmoss can easily be
analysedto predict the genotype of the test organism. Figure 5.5 shows
the msults of typical test ohos s where violet colour Sower W) is domdnat
over white colour flower [w).

Lrang Funnett sguoare, try to find oul the noiure of offspning of o test oross,
Wit ragio dich gors ety

raing the genotypes of this cioss, odn (ou gqike @ generdal defindion for
& test oross?t
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O

Domonct Phecoype  Lo@) 47
[Geoolype nokoown)} o
Rl Half of the Rowerw axe vioket aod
Thaalf of the flowers are white,
Unlmuown flower 1s heterosygons

Figure 5.5 Diagrammatic representation of a test cross

Based ot his obserwation s on oonohybrid crosses Metdel proposec
two general rdes o cohsolidate his understanding of inheritatice it
rotohybrd crosss s Today these niles am called the Principles or Laws
of Inherltance: the First Law or Law of Dominance atcd the Seoond
Lawor Law of Segregation.

£.2.1 Law of Dominance

[[] Characters are cotittolled by discrete units called factors.
[ii] Factorsocoififl pairs.
[ii] I a chissirilar pair of fachors ohe femnber of the pair dofmtate s
[Horrtant] the ather [eoe s sve).
The law of donmnatcs iz Wsed to explain the expression of ohly ones of
theparental characters in a monohybrid cooss inthe B and the expres siot
of both in the B Tt also explains the proportion of 301 obtained at the B

£.2.2 Law of Segregation

Thiz law iz based ot the fact that the alleles do fot show any blending
atid that both the characters are recovered as such in the B, generation
thiough ate of the s is ot seen at the Iy stage. Thowugh the paretits cofitain
two allele s churing garmete formnation, the factorsor alleles of a pair ssgregdate
from each other such that a gamete receives ornly otie of the two factors.
Cf conarse, A homorfdous parent procduces all Jametes that are similar
while a heterorypgous ohe produces two kinds of gametes each having
ate allele with equial proportict.

75
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Garnetes

F, generation

Gametes

F, generation

Phenotypic ratio : red : pink : white

1 : 2 1

Genotypicratio : RR: Rr : rr

Figure 5.6

1 : 2 :1

Results of monohybrid cross in
the plant Snapdragon, where
one allele is incompletely
dominant over the other allele

ML GEY

5.2.2.1 Incomplete Dominance

When experlments on peas were repeated using other
traits in other plants, it was found that sometimes
the F had a phenotype that did not resembile elther
of the two parents and was in betweer the two. The
inheritance of flower colour in the dog flower
(snapdragon or Antirrhinum sp.)1s a good example
to understand incomplete dominance. In a cross
between true-breeding red-flowered (RR) and true-
breeding white-flowered plants (rr), the F| (Rr) was
pink (Figure 5.6). When the F| was self-pollinated
the F, resulted in the following ratio 1 (RR)Red : 2
(Rx) Pink : 1 frr) White. Here the genotyperatios were
exactly as we would expect In any mendelian
monohybrid cross, but the phenotype ratios had
changed from the 3:1 dominant : recessive ratio.
What happened was that R was not completely
dominant over r and this made it possible to
distinguish Rr as pink from RR (red) and rr (white) .

Explanation of the concept of dominance:
What exactly 1s dominance? Why are some alleles
dominant and some recessive? To tackle these
questions, we must understand what a gene does.
Every gene, as you know by now, contains the
Information to express a particular trait. In a
diploid organisin, there are two coples of each
gene, l.e., asa palr of alleles. Now, these two alleles
need not always be identical, as in a heterozygote.
One of them may be different due to some changes
that it has undergone (about which you will read
further on, and in the next chapter) which modifies
the information that particular allele contains.
Let’s take an example of a gene that contains
the information for producing an enzyme. Now
there are two coples of this gene, the two allelic
forms. Let us assume (as 1s more common) that
the normal allele produces the normal enzyme
that 1s needed for the transformation of a

substrate S. Theoretically, the modified allele could be responsible for

production of —

fl) thenormal/less efficlent enzyme, or

i) anon-functional enzyme, or

(i) no enzyme at all
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In thefirst casze, the roodified allels isequivalent o the unmodified alls1e,
ie., it will prochice the zamre phetotype Atait, i.e, re sl in the ransfommetion
of substrate 5. Such equivalent allele pairs are very corgroon. Buat, if the
allele procliace s a ot -futctichal ensyre of oo enepre, the phenotype may
be effectect The phenotype Arait will only be dependent on the functioning
o the whinocified alkele. The wrrnockified [futictionitgg) allele, which represents
the original phenotype iz the dominant allele and the oodified allele is
gEenerally the meessive allele. Hencs, it the exannple above the meoss sve trait
is smen due tonon-functichal encirne of becal & o0 eneye is procicec.

5.2, 2.2 Co-dorminance

Till fuow we were dis cussing crosses where the ) resernbled either of the
two parents [dormn ance] of was in-betwesn [inconplete dondinance]. But,
in the case of codominance the B, generation resermbles both parents. A
good exaniple iz different types of md blood cells that cetermmine AR
blood grotaping it niman beings. ABO blood groups are ontoolled by
tte gere I The plasmma moembrane of the red blood cellzhas subgar pdiners
that protruade from it s surface and the kind of sugaris controlled by the
gene. The gene () has thee alleles I, FFandi The alleles I and I® produce
a slightly different formn of the sygar while allele i doesnt procdiice any
sudar. Because humans are diploid onganisms, each person possesse s
atuy two of the thres I gene alleles. T2 and I# are completely dormin ant over
i, in other words when I and @ are present only M expresses (because
rdioes not, procuce aty sugar]. and when P and Care present IFespesses.
Bt when B and I® are present together they both eaxpre ss thedir owh tipes
of sugars: this is becauss of co-dominancs. Henee red blood c2lls hawve
both & atd Btipes of sugdars. Sitce theme are three different alleles, there
are zix different combinations of thess three alleles that are possible a
total of sizdifferent gencotypes of the human 2RO blood types (Table b.2).
Howe rani pheenotypes ane possibles
Table 5.2: Table Showing the Genetic Basis of Blood Groups
in Human Population

allele from | Alkde from  Gemotype of  Blood

: Parent 1 FPamnt & offs pring types of
5 offspring
7s I A4 r

1 iz 1= LB

L 1s 0 I*0 -y

FE I I+r= AR

1= I= I=1= =

FE 0 = B

fy i 0 o

-
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Dioyroia reali sz that the exanple of AR blood grouping also providles
a good exanple of multiple alleles? Here you can sz that there are
ore than two, ie., thres alleles, governing the samre character. Since in
atn indivichial ondy two alleles cah be pressnt, oodtiple alleles can be fiddind
ctuly whet population stucies are made.

Cecasicnally. a sngle gene procuct megy prioduce more than one effect.
For exarnple, starch sinthesisin pea seedsis cotntmled by one gene. It
has twao alleles (B and b). Starch iz spnthesised effectively by BB
hornoeygotes and therefore, large starch graits are procitced. I ooftrast,
bb homorpgote s have lessr efficiency in starch synthesis and produce
srnaller starch grains. After maturation of the seecs, BB seeds are nounc
andthe bb seeds are wrinkled Heteroopgote s prochice mund seeds, and
0B seerns tobe the dorminant allele. But, the starch grains producec are
of intermediate size in Bb seds. Soif starch grain sizeis consdered as
the phenotype, then from this angle, the alleles show incomplete
clorritiaice.

Themiore, domminance iz fot an autonornod s feature of a gens of the
procluct that it has information for It depencs as omach on the gene
prociuct and the production of & particular phenotype from this prociact
as itdoes on the particular phenotipe that we choose toexaming, in case
o thah one phenotipe is influen ced by the samme fene.

=48 Ingerrrancs OF T GRsnes

Mendel also worked with and crossed pea plants that differed in two
characters, asis seeh it the ofoss between a peaplant that ha s ssecls with
yellow colour and round shape and ane that had seeds of green colour
and wrinkled shape [Figures. 7). Mendel found that the seeds resulting
fromthe crossing of the parents, had yellow coloured and round shaped
seedls. Here oan gots tell wohich, of the characters (o the pars gellonf
green colour and, Found, torinkied shape s dorinants

Thits, jellow coloir was domitant ower green and round shape
dorrinant over wrinkled. These result s were identi cal to those that he got
when he mede separate monohybrid crossss betwesn pellow and green
seecled plants and between round ancd wrinkled seecled plants.

L&t us use the genotypic symbols ¥ for dotmt ant, pellow seed colour
and ¥ for recessive green seecd colour, Rior nound shaped seecs andr for
wrinkled seed shape. The genotipe of the pamnts canthen be written as
RRYY and rryy. The cmoss between the two plants can be written down
as inFigume b7 showitg the genotypes of the parent plants. The gametes
RY and ry unite on fertilisation to produce the F, hybrid Rr¥y. When
Mendel self hybridised the F, plants he found that 3 /4™ of F, plants had
vellow smeds and 1/4% had green. The yellow and geen colour segregated
itn & 3:1 ratio. Bound and wrinkled seed shape als0 sgregatedin a a0l
ratio; justlike in a motiohybrid doss.
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P getrtation O @
Round yellowr Wrinkied grees
KR . ¥Y R

-
o

Fhansiypls alle ;: romd yollow : rovm groen © wrinkled yellowr © wroinkled green
8 L a 1

Figure 5.7 Fesultsofa dibpbod cross where the two perents differed in two peirsof
cotrtrasting traits: seed colowr 2 seed shaps
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5.3.1 Law of Independent Assortment

In the dihybrid cross [Figure 5.7]. the phenctypes round, yellow,
wrinkled, yellow, roind, gresn and wrinkled, greet appeared in the
ratioS:3:3:1. Such aratiowas observed for several pairs of characters
that Mendel studiec.

The ratioof 9:3:5:1 can be derited as a combination series of 3 jellow:
1 green, with 5 mund © 1 wrinked Thiz derivation can be written
a s follow s

[3 Found @ 1 Wrinkded] (3 Tellow © 1 Gresn) = 9 Round, Yellow @ 3
Wirinkded, Tellow: 5 Bound, Green 1 Wrinkled, Green

Buased upon siich observations ot dhybrid crosses [cmsses betwesn
plants dhiffering i twotraits] Mencel proposed] A sz oo st of generalizaticns
thatwe call Metcels Law of Indepencent Assorttrent. The law states that
‘when twopairs of traits are combined in ahybrid, segregation of one pair
of characters is indepetcent o the other pair of characters’

The Punnett square can be effectively used to understand the
independent segregation of the two pairs of genes during meiosis and
the production of eggs and pollen it the F, RrYy plant. Consider the
segredation of one pair of genes R and r. Fifty per cent of the gametes
hawve the gethe R and the other 50 per cent hawve r. Now besides each
garmete having either Rorr, it showld also have the allele ¥or . The
important thing to remember here is that segregation of 50 per ;ent R
and BO per cent ris independznt fromthe segregation of 5O percent ¥
and 50 per cent ¥ Therefore, 50 per cent of the r bearing Jamete haz ¥
and the other 50 per cent has y. Sirmlarly, 5O per cent of the R bearing
gamete haz ¥ and the other 50 per cent has ¥, Thus there are four
genatypes of gametes [four types of pollen and four types of egds).
The four types are RY, Ry, ri and ry each with a frequency of 25 per
cenit aor ¥ of the total gametes procduced. When o write down the
four types of g ds and pollen on the two sides of a Punnett square itis
very easy to derive the cormposition of the sygotes that give rise tothe
F,plants  [(Figure 5.7 Although there are 16 sguares how frany
different fypes of genotypes and phenotypes are formeds Note them
clowty i the format givern.

Car o, using the Punnett square data worlo ot the genotipi c ratio
at the F_ stage and 61l in the format given®? Is the genotypic ratio
also 3317

..............

5.3.2 Chroniosomal Theory of Inheritance

Mendel published his waork on inheritance of characters in 1865 but
for several reasons, it remained uhrecoghised il 1900, Firstly,
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corrannication was not easy [as it is now) in those days andhis work
coidlcd not be widely publicized. Secondly, hiz concept of genes [or
factors, itl Metidel s words] s stable and discrete units that controlled
the expression of traits and, of the pair of alleles which didnot “blend”
with each other, was not accepted by his contemporaries as an
gexplanation fof the apparently continiiou s wariation seen it nature,
Thirdly, endel’ s approach of using mathematics to explain biological
phenomena was totally new and unacceptable to many of the
binlogi sts of his time. Finally, though Mendel’s work suggested that
factors [denes] were discrete wnits, he couldnot provide any physical
proof for the existence of factors or say what they were made of.

In 1900, three Scientists [de Vies, Cometis atd woth Tachermmaly)
independently rediscowered Mendel’s results on the inheritance of
characters. Also, by this time due to advancements i micmscopy that
were taliing place, scentizts were able to carefully observe cell division.
This led tothe discovery of strictures in the fucleus that appearmed to
clouble and divide just before each cell division, These were called
chromosomes [colored bodies, a5 they were visualized by staiting]. By
190%, the chromosome overent during meiosis had been worleed out.
Walter Sutton and Theodore Boweri noted that the behaviour of
chromosomes was parallel to the behaviour of genes and used
chromosome noverent [Figure 5.8 toexplain Idendel s laws [Table 5.3).
Fecall that pothate studied the behasiour of chromosoree s Quring motoss
[equational division) anc cduring meiosis [reduction division]. The
inportant things to moember am that chronosomes as well as genes
occurin pairs. The two alleles of a gete pair ame located on honmologios
sites of horoologons chrormo somes.

Germ cella

=
=
|nﬂhn
=

Figure 5.8 hisiosis and germ cell formation it a cell with four chromosormnes.
Can pou == how chromosomes segregate when gomm cells
are forrned?

1
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Table 5.3: A Comparison between the Behaviour of Chromosomes
and Genes

A B
| Ceour i pairs Clzcir (R poaies

| Segregate at the time of gamets Sagregate at garnste forvea tion and only |
Lfarrration suck that orly one of ench one of Eack pair (s transmitted to al
i s tramstniited to o garnets Pelelyrt= i

Efmfepertcfertt pairs  segregate One par segregates mdep emd emtiy qF-
Pimdependentiy of ench other arobher pair

Car yau tefl wihich of these colurms & o B represent the chromasarme
ard which represents the gene? How did pou decde?

Dwring Anaphasze of eios s L the two chiomosoine pairs cat align at
the metaphasze plate independently of each other [Figure 5.9]. To
understand this, compare the chromosomes of four different colour in
the left and right coluoms. In the left oolumn [Fossibility I) crange and
green is segredating tofether. But in the right hand colunm (Possibility D)
the orangs chromosome is s gregating with the red chmmosore s,

Possibility I Pos s bility I1
Ce long orangs and short green iOne long orange and short red
chromosome and long pellow and chromosome and long pellow and

short red chrommo some at the short gresn chromosome at the
game pole same pale
Tefoalrniclie 1 - sraprhiconsn

MY @4

WY [

Figure 5.9 Irdependent assortmert of chromosomes
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Sutton and Boveri argued that the pairing and separation of a
pair of chromosomes woldld lead o the segregation of a pair of
factors they carried Sutton united the knowledge of chrormosornal
segregation with Mendelian principles and called it the
chromosomal theory of inherliance.

Following thiz synthesis of ideas, experitental werification of
the chronosormal theory of inheritan ce by Thoma s Hunt Morgan
atid hiz colleagues, led todiscoveritg the basis for the variation

that sexual reprochaction procducec,. Morgan worked with the Hiny  Figure 5.10 Dros gehiia

fruit files, Drosophila melanogastier (Figure 5.10], which were
found very suitable for such studies. They could be grown on
sitnple synthetic medium in the laboratory. They complete their life
cyclein about two weeks, and a single mating could prodice a large
titmber of progeny flies. Also, there was a clear differentiation of the
sexes —the male and female flies are easily distinguisable. Also, it
has many types of hereditary variations that can be seet with low
POWer i cIos cOpes.

5.3.3 Linkage ard Recombination

Miorgan carried out several dihybrid cmsses in Drosophda to study genes
that were se-linked The ciosse s were sfilar tothe dibgbrid dosses carmied]
ot by Mendel in peas. For exanple Mondan hybricdised jellow-bodisd,
white-gjed fermales tobrown-bodied, ed-efed males and intercrossed their
F, pmogeny. He observed that the two gene s did ot segdre gate independently
of each other and the F, ratio deviated very sighificantly ffomm the 9:3:3:1
ratio [eape cted when the two genes ame independent).

Ilorgan and his gooup knew that the genes weme located of the X
chmmosome [Section 5.4] and saw guickdy that when the two genesina
dihybrid cross were situatedon the same chiomosome, the proportion
of parental gene combination s were roach higher than the non-parental
type. Llorgan attributed this due to the physical association or inkage
of the two genes and coined the term Unkage to describe this phisical
association of genes on a chiomosome and the ferm recombination to
cescribe the generation of non-parental gene combinations [Figure 5.11].
Miorgaty atidd his group also foind that even when genes were grouped
on the same chiomosore, some genes were very tightly linkeed [ showed
wery low recombination] (Figure 5,11, Cross &) while others wem loosely
linked [showed higher recombination] (Figure 511, Cross B). For
exarnple he found that the genes white atd yelow were very tightly linled
atidl showed oily 1.5 per cent recormbitation while white and mindature
wityd showed 37 2 per cent ecombination. His student Alfred Sturtesant
tzed the frequency of recombination between getie pairs ofl the same
chromosome as a measure of the distan ce between genes and ‘mappect
their positioty on the chromosome. Today genstic maps are esten sively

mrefamagaster (o) Mi=ls
(b Female

1
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used as a starting point in the sequencing of whale genomes as was done
in the case of the Human Genome Sequencing Project, described later.

Parental

T, B

F, generation

* Gametes +
Parental Recombinant Parental Recombinant
type(98.7%) types(1.3%) type(62.8%) types(37.2%)

F, generation

Figure 5.11 Linkage: Results of two dihybrid crosses conducted by Morgan. Cross A shows
crossing between gene y and w; Cross B shows crossing between genes w and m.
Here dominant wild type alleles are represented with (+) sign in superseript

Note: The strength of linkage between v and w is higher than w and m.
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8.4 REn DR RN AT RON

The mechatism of sex determination has
Alwajs been a puzrle before the geneticists.
The initial clue about the genetic/
chromosomal mechanism  of  sex
cetermmnation can be traced back to some
of the experirrents carried out in insects. In
fact, the cytologi cal observations made in a
trurnber of in s ot s led o the developoent of
the concept of genetic/chromosomal basis
of sx-Cetermination. Henkdng (1859 1) could
trace a specific nuclear stnacture all thooagh
spermatogenssis it a few insscts, and it was
alsoobsered by him that 50 per cent of the
gperm received this structure after
spermatogene sis, whereas the other 50 per
cent spermm clid ot receive it Henking gave
a tiamne to this structure as the X body bt
ke ooald not exxplain its sighificance, Farther
inwvestigations by other scientistsled to the
ool ot that the Fbody of Henldring was
it1 fact & chromosorre and that is why it was
giver the name X -chromosome. It was also
obsered that in a largde number of insects
the mechanism o sex detemination is of the

ADtype.ie., all egds bear an additional
H-chromosome besides the other
chrormozomre: [autosomes]. On the other
hand, some of the sperms bear the
H-chromosome whereas some do not.
Egds fertilized by sperm having an
A-chromosome become females and,
those fertilised by sperms that do not
hawe an X-chronosone beoome males. Do
your think the nurrber of chromosomes 0
the ruale and female are equualy [hie to the
itclverrent of the X-chrommosore it the
cetermination of sex, it was designated to

b= the sex chromosome, ahd the rest of the chiomosormes were naned
a3 auts0mes. Grasshopper isan exarnple of 0 tipeof sex determmnation
innwhich the male s have only one X -chommosone be side s the autosome s,
wherea s femnale s have a pair of X -chioinosome s,

Figure 5.12 Determination of ssx by chromeosomnal
diferenices: [a.b] Both in humares ad
ity Drasgphin, the Bmale hes 2 pair of
FXchrorosornes (hornogarnetic] and the
male XY (heterogametic] composition;
(4 In meny birds, farmale has a of
dissimnilar chirorcsomes T male

o similer 27 chrommosornes

These obzervations led to the investigation of a number of species to
understand the nechanismof s deternination. In a nurmber of other
insects and mammmals including man, JY type of s determination is
s2en whem both male and femmale have samre number of chioinosome s,

1
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arnond the males an H-chromosone is present but its counter part is
distinetly smaller and called the V-chromosome. Fermale s, howeser, have
a pair of X -chiomosore s. Both meles and fermnales bear same numiber of
autosomes. Hetee, the males hatve autosomre s plus 207, while femrale have
autosormes plu s 25 Inhuman beings andin Dresophidathe malss have
one #oand one T chromosorme, whereas females haswe a pair of -
chronosomes besides autosomes (Figure 5. 12 a, .

In the aboswe cescription o have studied about two tppes of s
determining mechanisms, i.e., 30 type and ZY type. But in both cases
rmales prodiuice two different tipes of gametes, [a) either with or without
H-chromosome of [b) somre gametes with Z-chrofmosorne atd somme with
T-chromosome. Such types of sex determination mechanism is
designated to be the example of male heterogamety. [ some other
orgatisms, &. 4., birds a different mechani sm of sex determination is
observed [Figure 512 . In this caze the total number of chromosorme
is same inboth males and females. But two different types of gametes in
terms of the sex chiomosore s, are proditced by fermales, ie., female
heterogamety. In order to have a distinction with the mechanism of
sexdetermination described earlier, the two different sex chiomosomne s
of a fermale bird has been designated to be the £ and W chromosore s
In1 these orgatisms the femmales have one £ and ang W chrofmosome,
whereas males hawe a pairof 2-chromosome s besides the autosomes.

5.4.1 Sex Determinaton in Humnans

[t has alreacty been mentioned that the sex determining mechatnizm in
caze of humans is XY type. Outof 23 pairs of chroosomes pressnt, 22
pairs are exactly samre in both males and females; thess are the autosome 5.
& pair of X -chiomosores are present in the female, whemas the presence
of at1 X and ¥ chromosone ae detemminant of the male charactenstic,
During spermmatogeresis amrony males, o tppes of ganetes ae procucecd.
&0 per cent of the total spemm pmoduced carty the X-chiofmosome and
the et B0 per cenit has T-chiomosome besice s the autosomes. Fernales,
howeser, prodice ofly one tipe of ovam with an X-chromosome. There
iz an equal pobakbdity of fertilization of the oA with the spermn camying
gither X of ¥ chiomosome. In cas the ovam fertilises with a spermn
carryitid A -chromosome the mpgote develops into a female FE] and the
fertilization of awam with ¥-chmormosone carrying sperm results into a
rrale off sprifgg. Thits, it iz evident that it iz the gdenetic nwlkeup of the
sperm that determinges the sex of the chid. It is alsoevicdent that in each
preghatncy there iz alwatys 50 per ent probability of either a male or a
fermale child It is unfortunate that in oar society wormen are blarmed for
prochicitg femmale children and hate besh ostracised and ill-Areated
because of this false notios.

How is the sex-detemnination mechahism different in the birds?
Is the sperne or the egg responsible for the sex of the chicks?
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5.0 Mirmarion

Mhatation iz a phetnomenon which results in alteraticn of DMA sequethices
andl con sequently results in changes in the genotipe ancd the phenotipe
of an organistn In addition o recombination, moatation is another
phenomrenon that leads o wariation it DA

Az o will learn in Chapter 6§, one DA helix nans comntitmaoasly fiom
ane end to the other in each chromatid, in a highly supercodled form
Therefore 1oss [deletiot 5] or gain [insertion /duplication) of 2 ssgoent of
DA, result in alteration in chromosomes. Since genes are known to be
located on chromosomes, alteration in chromosomes resuwlts in
abnormalities of aberration s, Chiomo sormal aberrations are ool
obzerved it carncer cells.

In adchition to the abose, rruitation alzoanse due o change in a sngle
base pair of DA This iz ktuowt as poitt ooutation. & classical exanopls of
sich a moatation is sickle cell anermia. Deletions and insertions of base
pairs of DA, causss frame -shift roatations [see Chapler 6).

The e chanismof o tation is bepond the scope of this discussion, at
thiz lewel. However, there are many cherrd cal and physical factors that
induce matation s These are referred to a5 mutagens. TV radiation s can
catllse itatiohs in organizms —it is a ootagen.

8.6 GENETIC LISHRDERS
5.6. L Pedigree Analysis

Theicdea that disorders ame inherited has been prevailing in the humean
society sitice long. This was based on the heritability of certain
characteristic featires in farmlies. After the redis covery of IMetncel's work
the practice of analysing inhertance pattern of traits in humen beings
begatl. Sitice it iz ewvident that control orosses that can be performed it
pea plant or some other organi sms, are not possible in case of hamen
beitgs, study of the familyhistory about inheritance of a particular trait
provides an alternative. Such an analyss of traits in a zeveral of
generations of a family is called the pedigree analysis. In the pedigres
analysis the inheritance of a particulartrait is representedin the fangly
tree Over generations.

In humen genetics, pedigres study prowvides a stmong tool, which is
1itili secl to tra e the inheritance of & specific trait, abhormality or disease.
Sorre of the important standard spmbols wsed in the pedigree analysis
have been shown in Figure 5. 13.

Az o have studied in this chapter, each and every feature in any
oAtz iz cotitrolled by one of the other gene located o the DINA present
in the chroosome. DA is the camier of genetic information. It is hence
transrmitted ffiom one generation to the other without any change or

-
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alteration. Howewver, chatges or alteration do take
place occasionally. Such an alteration of change it
the getetic material is referred to as omtation. A
number of dizofcers in hilman beihgs hawe been
fonancd tobe assocdated with the inheritanc: of changed
Or altered getie s of chionosomEes.

5.4.2 Mendelian Disorders

Broadly, genetic disorcers magy be grouped into two
categories — Meticelian di sorders and Chiormosonal
disorders. IMendelian disorders are mainly
determmned by alteration or noutation in the single
gene. These disorders are transmnitted to the off spring
atl the same lines as we hawe studied in the principle
of inheritance. The pattern of inheritance of such
Mendelian disorders can be traced in a famly by
the pedigree analysiz. MMost common and
prevalent endelian disorders are Haermmophilia,
Cystic fibmsis, Sickle-cell anaerma, Colour blinchess,
Fhenjlletonuria, Thaleseria, ete. It is irnportant to
mentioh hem that s1ch Mendelian disorders fmay be
cormnant of rece ssive. By pecligree analyss one can
easily understand whether the trait in guesticn is
clorminant or meessive. Similady, the trait magy also
be linked to the szex chromosome as in case of
hasrmophilia. Itis evident that this Z-linked e oessive

trait shows transmisszion from carrier female to male progeny. A
repre sntative pedigres is shown in Figure 514 for dorminant and mces sive
traits, discisswith jour teacher and de sigh pedigres sfor characters linked
to both autosomres and sea chiomnosme.

0

EY
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Y == N 0@ O
€

m oo

]
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Figure 5.14 Fepresentative pedigres analpsis of (3] Antosomal dominant trait for example:

Mipotoric dpstrophy) (bl fntosomal recessive tradt for exampls: Siclde-cell ansernia)
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Haemophllla : Thisz zex linked recessive dizease, which shows its
transmnizson fmom unaffected carmier female to some of the mals progeny
has been widely studied. In this disease, a singe protein that iz a part of
the cazcade of pmoteins inwolved in the clotting of blood is afectec Due to
this, inn an affected indivichaal a sitople cat will result in on-stop blesching.
The hetemoegon s ferrale (camier] o haermophilia maye tran st the dizease
to son s The possibilityof a female be corming a hasmophilic i s eatremel
rare becatise mother of such a female has to be at least carrier and the
father showld be haemophilic unsviable in the later stage of lifs). The fandly
pedigres of Ciseh Victoria shows anumber of hasmophilic desendents
as she was a carrier of the disea s=.

Sickle-cell anaemia : This is an autosome linked reces sive trait that can
b transmitted fom parents o the of spring when both the partners are
carrier for the gene [or heterorpgous). The disease is controlled by a single
pair of allele, Hb* and Hb® Out of the three possble genctypes cnly
homoejgon s indivichials for Hb® [Hb¥HEE] show the diseased phenotjype.
Heterogmygmis [Hb*HEF] indivichials appear apperettly unaffecled it they
ame cafmier of the dizeass as theme iz 50 per ent probabdity of transo s sioth
of the omatant gene tothe progeny, thu s exhibiting sickle -cell trait [Figure
£.18). The defectis caused by the substitution of Autame acid (3w by

Figure 5.15 Mictograph ofthe red blood calls ard the amivo acid compeosition of the relevant portion
of fFohein of heemogobin: [a] From 2 normnal individwel; (B From an individuaal with

siclde-cell anzemnia
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Valing [Vall at the sixth position of the beta globin chain of the ha smogl obin
molzoulz. The substitution of amino acid in the globin protzin results
duez to the singls bass substtution at the sirth codon of the beta globin
gene from 3AG to GUG. Ths mmtant hasmoglobin molaouls undsrgoss
polsrnerization undar low ozgpgen tanson cansing the changs inthe shape
of the RBC from biconcave disc to slomgated sickls like stractars

[Figurs 5.15].

Phenylketormria : Thiz inbormn arror of metabolism iz alsoinherited as
the autozomal racezsive frait. The affzcted individual lacks an sneyme
that conwverts the amino acid phenylalanine into fyTosine. As 2 result of
thizphenylalaning iz accumulated and convertzd into phenylpimavic acid
and other deriwetives Accurmiation of thess in brain results in mental
ratardation. Thass are also sxcretad through urins becauss of its poor
abzorphon by kidnay.

5.6.3 Chromosomal disord ers
Thez chromosomal disordsrs on the other handars caused dus toabsnce
0T 2xcess or abnormel armangement of one or mors chromosomes.

Failurs of szgragation of chromatids during cell divison cyelaresults
intha gain or loss of a chromosome(s), called anenploidy. For sxampls,
Dowi's syndromes reaultzin the gain of extra copy of chromosorms 21.
Similarly, Turmer's spndrome results due toloss of an A chromosome in
hurman femalas. Failurs of cytoliine sis after telophasze stags of call disision
remultsin an increas: ina whols szt of chromosomes in an orgahism ad,

Corgenital heart

dizease

Figure 5.16 A reprezentative figure showing an individua infiicted with Douwn's

syndrome and the comesponding chromosomes af the indmiduoa
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thiz phenomrenon is known as polyploddy. This
cotuclitiot i s oftet seen in plants.

The total nurmberof chromosorne of & ol
human beingis 46 (23 pairs). Cutofthese 232
pairs are autozomes and one pair of
chromosomes are sex chromosome.
Sometimes, though rarely. either an
additiotial copy of a chiomosome may be
included in an indivichaal or anincividual mag
lack one of aty one pair of chiommosomimnes.
Thes situations are known as trisonoy or
monosoiy of a chromosome, respectively.
Such a situation leads to wery serious
consequences in the individual Down’s
sytcdrome, Turners syndrome, Elinefelters
syndrome are commot examples of
chronosormal disorders.

Down's Syndrome : The cawse of this genetic
discroer is the presence of an acchitional copy
of the chrorosome nummber 21 [t sonoge of 21,
This disorder was first desoribed by Langdon
Down [1866). The affected indisidual is short
statured with small round head, furmowedd
totigue and partially open molth [Figare 5.16).
Falmis broad with characteristic palin cfease.
Fhysical, paychornotor and mental desseloproent
iz retardecd.

Klnefelier's Syndrome : This genetic
cli sorderis als0 caussd cue to the presence of
anadditional copyof X -chrormosome resulting
into a kKaryotype of 47, XHYT. Buch an
inclitichial has overall masculine developrment
. howewer, the feminine development
[development of breast, i.e., Gytascomastia)
iz also expressed [Figure 517 a)l. Such
indiwicitals are sterile.

Turmer's Syndrome : Such a disorder is
catized due to the absence of one of the X
chromosomes, i.e., 45 with Zo, Such females
are sterile a5 owvarie s ae rudirentary besices
otherfeatures inclading lack of other s cotclary
sexual characters [Figume 5.17h).

Tall stature Short stature and
with ferninised underdevelopad
character ferninite character

Figure 5.17 Disgrammatic repress-
ntation of getetic dizorders due to sex

chromosorme composition in luamans :
[2) Klinetelter Sindromes; (b] Tumer's
Syrdrome

1
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SUMMARY

Uretetics iz a brarnch of biology which deals with principles of inheritancs
ard its practices. Frogerny resembling the parerts in morphobgical and
physinlogpzal festures has attracted the attention of many biologists.
Metidel was the first to study this pheromenon spstematically. TWhils
studping the pattern of inheritance in pea plants of contrasting
characters, Mendsl proposed the principles of inheritance, which are
today referred to 2= Mendels Laws of Inheritarnce’. He proposed that
the “factors (later named as geres] regulating the cheracters are fovmd
in pairs known as alleles. He cbzervwed that the expression of the
characters in the offspring follow a definite pattern in different—first
generations (F), second (F) and so on. Some characters are dominsrt
over others. The dominant cheracters are expressed when factors are
in beteroepgoas condition (Law of Dominetcs]. The recessive cheracters
are only expressed in homeospgous conditions, The characters never
blerd in heterospgous condition & recessive character that was not
expreszed in heterospgous conditon may expressed again when it
becomes homospgous. Heroe cheracters segregate while formation of
garetes [Law of Ssgregation].

Mot all characters show true dominance. Some characters show
incoroplete, and some show co-dominancs. When Merde] stadied the
inheritarnce of two characters together, it was found that the factors
independently assort and combine in all permutations and
combinatiors [Law of Indeperdent Assortment]. Different cornbinsticns
of gametes are theoretically represented in asquars tabular form loown
a=s Furnrett Square’. The factors fow lmovm 2= gere] on chrommosormes
regulating the characters are called the genotype and the physical
expression of the chraracters is called phenotypes.

After lmowing that the genes are located on the chromosomes, a
good correlation wes drawm betweeen Mendal's lawes @ segregation and
assortment of chromosomes during meiosis. The Mendel's laws were
exterded in the form of “Chromosomal Theory of Inheritance’. Later, it
was fourd that Mendel's law of indeperdent assortment doss not bold
triae for the gernes that were located on the same chromosomes. Thess
genes were called as linked genes’. Closely located genes assorted
togiether ard distantly located genes, due to recombination, sssorted

irdependantly. Linkags maps, thersfors, comesponded to arangement

3 of genes on a chromosome.
) Many genes were linked to sexes al=o, and called as sex-linked
E geres. The two sexes [male and femals] were foumd to hawe 2 s=t of

chromozomes which were common, and another set which was
different. The chromosomes which were differemt in tvo szmes wers
named as zex chromoszomes. The remaining set was named as
autosomes. In humens, a normel female has 22 pairs of autosomes
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and a pair of s=x chromosomes (3], A male has 22 pairs of autosomes
and a pair of sex chromosome as X, In chiclen, s=x chromosomes in
male are IF, and in females are ZTA

Mutation is defined as chenges in the gnetic material & point
mutation is a chengs of 2 single base pair in DA Siclde-cell anernia i=
canased due o charnge of one bass in the gere coding for beta-chain of
hemoglobity. Inheritable mutations can be studied by generating a
pedigres of a family. Some mutations inwlwe chenges in whole ==t of
chromosommes [polyploidy] or chengs k. a subsst of chromosomme marmber
[areuploidy]. This helped in understarding the moutationel basis of
geretic disorders. Dowar's syrdromes = due to trisomy of chromosome 21,
where thers is an exra copy of chromosome 21 and consequently the
total mamber of chromosome becomes 47, In Tummer's syndmome, ore X
chromosome is missing and the sex chromosome is as X2, and in
Klinefalter's syrdrome. the condition is 23T, These can be easily stadied

by analysis of Harpotypes.

D 0 B B B B e B R B S R B R B RS R E SRR SRR SRR

EXERCIES

Mertion the advantages of selecting pea plant for experirment by hetdel,

Diffterertiate betvwesn the following -
[#] Dominzsce sl Rersssive

(bl Homospgous and Hetrospgous

[z Monohybrid and Dikgbrid.

A diplid orgenism is heteroepgons for 4 loci, how meny types of gametes

can be produced?
Explain the Law of Dominsnce using a monchybrid cross.
Define and design a test-cross.

Uziryd a Punmett Squane, workowt the distribiation of phenotypic feahares
iry the first filial generation after a cross betwesn a2 lomospgous femals

and a heterozpgous male for a single loous.

then a cross in made between tall plant with pellow ssed=s [THT 2td
tall plant with green se=d [Tyl what proportions of phenotpps in the

offspring could be expected 1o be
[2) tall 2pod green

(B dwezrf axad gresn.

-
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Two heteroegpgoas perents are crossed. I the two looi are linked what
wonld be the distribnation of pherotypic featires in F, generation for a2
dibpbrid cross?

Erisfly mention the contritation of TH. Morgan in genetics.
That is padigres analysi=? Suggest how such an anelysis, con be wsshal.
How is sex determined i huaman beings?

& child has blood group &,  the father has blood group A and mother
blood group E, work out the gerotypes of the parents and the possible

getotypes of the other offsprings.

Explain the following termns with examnple

(2] Qo-dominatcs

[b] ncomplete dorminancs

that iz point mutation? Give ore exsmple.

Who had proposed the chromosomal theory of the inheritarce?
Mention any two autosomal genetic disorders with their syrnptormes.
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MOLECULAR
INHERITANCE

a1 TheDhld

a2 TheZsarch for Genetic
Dt el

A8 BA Ward
fd  Replication
65  Tronscription
a8 Genetic Cade
A7  Translaton

a8 Regulmtion of Gene
Exprezszion

a9 Huran Gename Frofeot
& 18 DA Fingerprinting

BASIS OF

I the previous chapter, pou have learnt the inheritance
pattertis and the genetic bazs of such patterns. At the
time of Mendel, the nature of those “factors” megulating
the pattern of inheritance was not clear. Over the et
hundred pears, the nature of the putative genetic material
was investigated culminating in the realisation that
DA —deoapribonucleic acid —is the genstic material, at
least for the maejority of organizms. I dass & pou have
learnt that mucleic acids are poljmers of nucleotices.
Decerpriboricleic acid [DMNA] and ribonucleic acid
[EMa] are the two types of nucleic acds found in living
systerms. DA acts as the genetic material in most of the
organisms. RMA thoagh it alsoacts as a genstic material
il somne Wrilses, nostly funcions as a messenger. BNA
has additional roles as well. It functions as adapter,
stmactural, and in s00re cases as a catalitic molecile. In
Class HI you hawe already learnt the structures of
titclecticle s atd the way the se mohommer units are Llinkeed
toformnucleic acid polymers. In this chapter we are going
todis fiss the structum of DMNA, itz eplicaticn, the proces s
of rmaking BMHA fom DA [ranscription) , the genetic ooce
that determine s the ssquetice s of anmitd acids it proteit s,
the process of protein synthesisz [ranslation] and
elementary basis of their egulation. The determmination
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of commplete maclecticke sequence of hurman genome during last decade
has set it a new era of gehommics. In the last section, the essentials of
human genomre sequencdng and its consequences will alz0 be discussed.

Lat 1us begin our discission by first understanding the structure of
the most inters sting molecule in the living systemmn, that is, the DA In
subsequent &= ctiohs, we will uhderstand that whirit is the oost abundant
genetic material, and what itz relationship is with BIA.

.1 Ter BNA

DA iz a long polymer of deoapribonuiclectices. The length of DA iz
wsally defined as nurnber of nucdectide s [or a pair of nacleoticle referred
toas bass peirs] presentinit. Thisalsois the characteristic of a0 ofgatismm
For exzample, a bacteriophage known as ¢ 174 has b386 nucdectickes,
Bactericphage lambda has 458502 baze pairs (bp), Eschenichld cdli has
4.6 = 10%° bp, and haploid content of hurmen DA is 5.3 = 10°bp. Let us
disciiss the structure of such a loh g polimer.

5.1.1 Structure of Polynucleotide Chain

Let us recapitulate the chermcal stoucture of a polypnaclectide chain DA
of BEMA). A nucleotide has three compohents — a nittogenols bass, a
pentose sugar [fibose in case of BEMNA, and decayriboss for DA, and a
phosphate group. Them ame two types of nitmgenol s basss — Punines
[AcEnite and Guanine|, and Firimidines [Citosine, Uracil and Thimine|.
Citositie is conmnot for both DA and BEMA and Thimine is present in
DMNa Uracil is presnt in BMNA at the place of Thymnine. A nitrogenois
base iz linked to the pentose sugar through a N-glicosicic inkage to
form a nucleosice, sich as acdenosine Of decayadenosine, f1anosne or
decEpfLanosine, citiditng o deceqaeyticine and uridine or deerthirmcine.
Wheh a phosphate goup is linked to E-0OH of a nucleoside throagh
phosphosster linkage, a corresponditng fidcleotide (o decefnu cleotide
depeticlingd upon the type of sugar present] iz formmed. Two nuclectides
are linked through 3-8 phosphodiester linkage to form a dinuclectide.
Miore raclentides can be joitied it s4ch a manter to forma politicecticle
chain. A polyer thus formed has at one end a fee phosphate noiety at

d
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6.1 A Folpmacleotide chain
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' -end of ribose sugar, which is referred to as 5-end of polyniclectide
chiaitt. Similardy, at the other end of the polyner the ribose has a fee
3 -0H groap which is refemed to as 5-end of the poljnucectide chain,
The backbotie in a polyniiclentide chain is formed chie to sugar and
phosphates The nittogenous bases linked to sugar moiety project from
the backbone [Figure 6.1].

Ita FI&, every micleotide resichie has an additiohal -OH groiip present
at 2 -position in the ribose. Also, it BMHA the wraci is found at the place of
thyrrrine [5-methyd uracil, another chemuical namme for thyrne).

DHMA asan acidic substance present in nucleus was first identified by
Fredrich Meischer in 15369, He named it as Tucdein’. However, due o
technical litritation inisolating sweh alotg polimer intact, the elucidation
of structure of DA refrmadned elusive for 4 wery lohyg periodof tirre. Itwas
arly itn 1963 that Janes Watson and Francis Crick, based on the X-ray
cifffractict data produced by Maurice Wilking and Fosalind Franklin,
proposed a very sitnple but fammis Double Helyx moock] for the stracture
af DA, One of the hallmar s of their propositioh was base pairityg between
the two strands of poljmiclectice chains. Howeser, thi s proposition was
alz0 based of the observation of Erwin Charngaff that for acouble strandetd
DA, theratios betwest Adenine and Thymine 2l Guanine and Cytosine
are constant andequals one.

The baze pairityd oohifers 4 Ve ihigule property tothe polinuclecticde
chains Theyare saidto be complementary to each other, and themefore if
the sequetice of bazes in ohe strand is knowh then the sequence in other
strand can be predicted Also, if each strand from a DA et us callitas a
pamntal DMHA| acts as a terplate for spnthess of a new strand, the two
ciouble stranced DA [1et 1z call thermn as daughter DIA] thas, prochaced
wolilc be idetitical to the paental DA molectls. Becad s of thiz, the gehetic
irnplications of the structure of DA becare very clear

The zalient features o the Double-helisx structume of DA are as follows:
[i] Ttis made of two polypnuclectice chains, where the backbone is
cofstitiuted by sugar-phosphate, and the basss project inside.
[ii] The two chains have anti-parallel polarity. It means, if one
chain has the polarity B =3, the other has 3’ 35"

[iii] The baszes in two strands are paired thmough hjcdnogen bonc
[H-botcls] formin g base pairs [bp). Adenine forms two hycdrogen
boncs with Thimine foom opposite strand and wce-wersa.
Birmlarly, Guanineg iz bonced with Citosine with three H-bonds.
Az amsult, always a purine comes opposite toa pyrimmdine. This
generates approsimately uniform distance betweet the two
strands of the helix [Figue 6 2).

[i¥] Thetwo chaits are codedin aright -handed fashion. The pitch
of the helix iz 3.4 fnm [a nahometre is one billionth of a
metre, that is 10 m] and there are roughly 10 bp in each

-
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Figure 6.2 Double stranded polyraclectide chain

turn. Consequently, the distatice
between a bp in a helix is
approimately equal to 0. 34 nm

M The plane of one bass pair stacks

over the other in doutble helis. This,
in addition o H-bonds, confers
stability of the helical structure
[Figure &.3).

Cofpare the struictune of purines and.
pyrrmdines. Coan goos find ol iy the
distance betlogen oo polgniclhe ofide
chaing in DA rermaing airst constant?

The proposition of a douwble helix
stracture for DA and its sinoplicity in
explaining the genetic irmplication becarne
revolutionary. Wery soor, Francis Crick
proposed the Central dogrona it molecular
biclogy, which states that the genetic
Figure 6.3 DNA double helix information flows from DNASRNA->Pmtein,

seplbioatiie

iransayiption ‘rmralol e
IDNA ————% mANA ——— prntein

Certral doga
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In some viruses the flow of information is in reverse direction, that is,
from RNA to DNA. Can you suggest a simple name to the process?

6.1.2 Packaging of DNA Helix

Taken the distance between two consecutive base pairs
as 0.34 nm (0.34x107°m), if thelength of DNA double
helix in a typical mammalian cell is calculated (simply
by multiplying the total number of bp with distance
between two consecutive bp, that is, 6.6 x 10°bp x
0.54 x 10°m/bp), it comes out to be approximately
2.2 metres. A length that is far greater than the
dimension of a typical nucleus (approximately 10°m).
How is such a long polymer packaged in a cell?

If the length of E. coli DNA is 1.36 mm. can you

H1 histone

L J
calculate the number of base pairs in E.coli? of histor:re mo 3
In prokaryotes, such as, E. coli. though they do
not have a defined nucleus, the DNA is not scattered Figure 6.4a Nucleosome

throughout the cell. DNA (being negatively charged)

Histone
octamer

is held with some proteins (that have positive
charges)in a region termed as ‘nuclenid’. The DNA
in nucleoid is organised in large loops held by
proteins.

In eukaryotes, this organisation is much more
complex. Thereis a set of positively charged, basic
proteins called histones. A protein acquires charge
depending upon the abundance of amino acids
residues with charged side chains. Histones arerich
in the basic amino acid residues lysines and

arginines. Both the amino acid residues carry Figure 6.4b EM picture - ‘Beads-on-String’

positive charges in their side chains. Histones are

organised to form a unit of eight molecules called

as histone octamer. The negatively charged DNA is wrapped around
the positively charged histone octamer to form a structure called
nucleosome (Figure 6.4 a). A typical nucleosome contains 200 bp of
DNA helix. Nucleosomes constitute the repeating unit of a structure in
nucleus called echromatin, thread-like stained (coloured) bodies seen in
nucleus. The nucleosomes in chromatin are seen as ‘beads-on-string’
structure when viewed under electron microscope (EM) (Figure 6.4 b).

Theoretically, how many such beads (nucleosomes) do you imagine
are present in a mammalian cell?

The beads-on-string structure in chromatin is packaged to form
chromatin fibers that are further coiled and condensed at metaphase stage
of cell division to form chromosomes. The packaging of chromatin at higher
level requires additional set of proteins that collectively are referred to as
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Non-histone Chromosomal (WHC) proteins. In a typpical nucews, some
megot of chiornatit are loosely packed [and stains light] and are refemec 10
as enchmomatin The chromatin that is more denssly packed and stains
clark are called az Heterochromatin, FEuchromatin is said to be
transcriptionally active chiomatin, wherea s heterochoommatin 1z inactive.

5.2 Tur Srapcy #oR ORNE1Te BateRyal.

Esen thogh the disoovery of niclein by Meizcher and the proposition
for pritaciples of inheritatice by Mendel were alroost at the same time, but
that the DMNA acts as a getetic material took Iong 1o be discowvered and
provens. By 1926, the quest to detemine the mechanism for getietic
ittheritatice had reached the molecular level. Previous ciscoveries by
Cregor Iiendel, Walter Sutton, Thomas Huant Monfan and narmerous other
srigtitist s had narrowed the ssarch tothe chomosorre s located in the
nacleu s of moost cells. But the question of what mole cule was actuallythe
getetic material, hadlnot beeh answerecl

Transforming Principle
Irn 1928, Frederick Griffith, ity a series of experimetits with Streplococcis
pretsonete [bacterium responsible for pneumonia), withessed a
maracilouis transformation it the bacteria, During the course of his
exrperitrent, a living onfanism [bacteria] had changed in physical form
When Streplocoocis preunonie [pneuroeos il 5 bacteria are grown
at & clalture plate, sone produce stooth shiny colonies (5] while others
procluce rough colonies (B, This is because the S strain bacteria have a
rAcoias [polisa coharice] coat, while F strain does fot. Mice infected with
the & strain [Firalent] die from poeuarnotia infection but mdcee infected
with the B strait do not develop phisuinsdia.

8 miruin — Inject into mice — Mirve die

R stxain — Inject into xdee  — Mire Bve

Griffith was able tokill bacteria by heating them He observed that
heat-killed & strain bacteria injected intomice cid not ol thermn Whet he

8 sirain —I-I:qmtmm — Mice Hee
(heat killed)

8 stratn
[eat-KiTled)

+ — Ioject boto mice —% Miee die
R sivain

(Hved
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injected a mixtae of heat -Killed S and live E bacteria, the mmice cied.
Mioreower, he recovered living S bacteria from the dead mice.

He concluded that the B strain bacteria had somehow been
transformed by the heat-lilled S strain bacteria. Sore transioronng
princple, tratsferred from the heat-killed 5 strain, had enabled the
E atrain to spnthesise a smoooth polysaccharice ooat and become Wnilent.
Thiz must be due o the transfer of the genetic material. Howeser, the
biochermical nature of genetic material was not defined fromm his
ExpErifrents.

Biochemical Characierisation of Transforming Principle

Frior to the work of Oswald Avery. Colity Macleod and MMaclyn MoCarty
[1933-dd), the genetic material was thoght to be aprotein. They worked
to cetermmitie the biochermcal natue of Transformhng pritciple in Griffith's
EXpErifret.

They purified biochermcals [proteins, DA, BENA, etc.] from the
heat-killed & cells fo see which ones could transfomm live B ocells info
& cell s, They dis covered that DA alone from Sbacteria caused R bactera
to beoome tratsformnec.

They also discovered that protein dige sting enoypmes [proteasss) and
EMA-digesting ensimnes [FMazzs) did not affect transiormation, so the
transformmin g substance was not a protein or BNA. Dige stion with DHase
did inhibit transformation, suwgdesting that the DMA caused the
transformation. They concluded that DA is the hereditary material, but
tiot all biclogg sts were cotsdncec.

Can you think of ang difference betiogen DNAs and DN se?

6.2.1 The Genetic Material is DNA

The unequivocal proof that DA is the genetic material came from the
experirents of Alfter] Hershey and Martha Chass [1952). They worled
with wirises that infect bacteria called bacteriophages.

The bacteriophage attaches tothe bacteria and itz genetic material
then enters the bacterial cell The bacterial cell treats the viral genetic
rmaterial asif it was its own and subsequentl y manufactiime s more virs
particles Hershey and Chase worked to diz oover whether it was protein
of DA from the vinises that entered the bacteria.

They drew some wirisss on a omedium that conhtained radicactive
phosphonis and some others o rediumthat contaited radicactive sl
Winises grown in the presence of radioactive phosphoris contained
radicactive DA but not radicactive protein because DNA cofitains
phosphona s buat protein does not. Simidlarly, viruses grown an radioactive
sulfur contained racioactive protein but not racioacive DA becauze
CHadoes not contain sulfir

1
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Fadicactive phags were allowed to attach to E coll bacteria. Then, as
the infecticty procesced, the viral coats were renotecd fromthe bacteria by
agtating themin a blender. The virus particles were ssparated from the
bacteria by spinting thern it a centrifuge.

Bacteria which was infected with wiruses that had radicactive DNa
were fadioactive, indicating that DA wa s the material that passed ffofn
the virs tiothe bacteria. Bacteria that werme infected with wirases thathad
racicactive proteins were ot racioa ctive. This indicates that proteins cid
not enter the bacteria from the viruses. DA is therefore the genetic
rraterial thatis passed from wirus tobacteria [Fifure 6.5)

Wﬁl
"S) Iodoeilont Inbelled DA
prot=m capatls

(s J—

g b pig |l g

T 2

5 5
G nomteam

Ko Redivacttve (™3 Eactionctien (P
detected m cells drtecrd 1 cella

Winewwmro | ey £

Figure 6.5 The Hershey Chase experiment

6.2.2 Properties of Genetic Material (DNA versus RINA)

PFrom the foregoing discussion, it is dear that the debate between proteins
versus DA as the genetic material was unequisocally esolved fiom
Hershey-Chase experiment. It became an established fact that it is DMNA
that arct s as genetic material. Howewer, it subsquently became clear that
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ity sorre Windse s, FNALS the gnetic material [for exanple, TobaccoMMosaic
virizes, WEbacteriophage, ete.]. Answer to some of the questions such as,
wiyy DA is the predonunant genetic material, whereas BINA performs
chtiarnic functiohs of messender and adaplter has to be found from the
clifferenices between cherrical stmactures of the twonucleic acid molecules.

Can gou recall the tuoo cherioal differences Petioesn DNA and BNAZ

Armolecule that can act as agenstic material ooast fulfill the following
criteria;
[{l It shouldbe able to generateits replica (Replicaticd] .
[i] It should chenncally and structurally be stable.
] It should povice the scope for slow changes [fuatation] that
are required for evolutiot.

(¥ It shonald be able to express itself in the form of Tendelian
Characters.

If one esarmine s each requirerment one by one, because of nile of base
pairin g and commplefrentarity, both the ncleic acids [DMNA and BMNA] have
the ability to direct their duplication s. The other molecules in the living
systemmn, such as proteins fail to fulfill first criteria itself.

The genetic material should be stable enough not o change with
ciffterent stages of life cpcle, age of with change in physiclogy of the
organizn Stability as one of the propertie s of genetic material was very
evident in Griffith’s Sransformin g principle’ itself that heat, which killed
the bacteria, at least did not destroy some of the properties of genetic
rmaterial. Thiz how can easily be explained it light of the DA that the
two strancds being complerrentary if ssparated by heating comre together,
when appropriate conditicns are provided. Further, 2'-0OH group present
at every nucleotick in FIA iz a reactive group and make s F1NA labie and
gaslydedradable. ENALs alsonow nown tobe catalytic, hetice reactise.
Therefore, DA chernically iz less reactive and structarally more stable
whet cornpared to FHNA. Thersfore, armong the twonucdeic acds, the DA
is a better genetic material.

In fact, the presence of thymmine at the place of uracil also onfers
additicnal stability to DNA  [Detailed discussion about this requires
understanding of the process of repair it DINA, and o will study the se
processes it higher classes.)

Both T A and BEIMA are able to mutate. In fact, BNA being unstable,
ratate at a faster rate. Consequently, viruses having RMNA fgenome ancd
hawing shoerlife span moitate and esolwe faster

FEIMa candiectly moce for the synthes s of proteins, hence can easily
express the characters. DA, howeser, is dependent on FHAfor synthesis
of proteitis. The protein spnthesising machinery has evolved anounc BT1A
The abore dizcussion indicate that both BN A and DFA can function as

-
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genetic material, but DA being more stable is prefermed for storag of
getetic informetion. For the transmdssion of genetic information, RIA

iz better,

2.8 BHNA Woron

From foregoing discusson, an immediate question becomes evident —
which iz the first genetic material® It shall be discussed in detai in the
chapter ot chem cal evolution, it briefly, we shall highlight some of the

facts and points

FEMAwas the first genetic material. There is now enough evidence o
sugdgest that essential life processes [such as metabolism, translatiot,

Figure 6.6 Watson- Crick model for

semiconservative DHNA
replication

splicing, ete.], evolvedl around EMNA . FMA usedtoact as
a genetic material as well as a catalyst there ae some
irmportant biocherrd cal reaction s in living systerms that
are catalysed by RMNA catalysts anc not by protein
enTymes . But, BMNA being a catalyst was reactive and
hetice utistable. Therefore, DIA has esolved forn BMNA
with cherrical modifi cations that malke it oore stable.
DA beitg donable stranded and having cormplementany
strand further resists changes by evolving a process of

TEpair.

£3.4 N eppuic aiTon

Wihile proposit g the dowble heli cal structume for DA,
Watson and Crick had immediately proposed a scherne
for replication of DMNA To quate their original statement
that iz as follows:

“It has not escaped our notice that the specific
pairitid we hawe postulated immediately subdests a
possible copritg mechahi sm for the getetic material®
[Watson and Crick, 1953).

The scheme sugdested that the two strands would
separate and act az atemplate for the spnthesis of new
complementary strands. After the completion of
replication, each DMA molecils would hawve one
parenital and ohe newly sytthesized strand. This
scheme was termed as semlconservative DA
replication [Figure 6. 6],

£.4.1 The Experim ental Procf

It is o prietn that DA replicates semriconsrwatively. I was shown first in
Escherichiom coll and subsequently in higher organisms, such as plants
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and human ells. Matthew heselson and Franklin Stahl perormed the
folloming experient i 1968

18]

(3]

Thety grew E. codiin 2 roedium containing ®MNH, C1 [ is the heawy
isotope of nitrogen] as the only nitrogden source for many
generations. The eadt was that ™ was incorporated into newly
sptuttuesd secl DINA [as well as othernitmoget contadnitg corponacs].
Thiz heavypDHNAmOlecule oouald be distingished fiom the norool
CHADy centrifugation it a o sum chloride [(Cs O] density gradient
[Fleaze note that ¥ iz not a racicactive isotope, and it can be
separated frorn ¥ ondy based on densities).

Then they transferred the cells into a medium with normoel
MMH, T1 and took sammples at warious definite time interals as
the cells mudtiplied, and extracted the DMA that remained as
couble -stranded helices. The various saniples wem sSparated
independently on CaCl gradient s to measume the densties of
DA [Figure 6.7].

Cn (ot fecdll wohuat centriigal force 0s, and think why o
frplectle it higher mossfdensity woodd sediment foster?

The rezults are shown in Figume 6.7

1 T Hytald Lt Hyteid

Peparation of DRA by Cantrifiggetion}

i

Figure 6.7 Messelson and Stahl's Experiment

Thus, the DA that was extracted from the culture one
generaticn after the transfer from ™9 to BN medium [that is
after 20 minutes; E coll divides in 20 ointes] had ahytrid or
intermediate density. DMNA eatracted fmom the culture after
ancther generation [thatis after 40 mitates, I generation] was

-
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cormposed of equal amounts of this hibod DHA and of light’
DHA

[T E Coil woas aflowsed, to groo Jor 80 snoites then wohol cooudd be the
Propartions of gt and hybrid densities DA moleclet

ery sitnilar experimrents inwolving use of racdioactive thjrnidine to
detect distribution of newly sinthesised DNA in the chmonosomes was
petdormed ot Vica, faba [faba beatis] by Taylor and colleagdues in 1968,
The expernments proved that the DMNA in chmooosores also weplicate
BETTI OO servatively.

6.4.2 The Machinery and the Enzymes

Inliving tells, such az E ool the process of replication requires a st of
catalysts [encymes). The maein enspme iz refermed to as DA -dependent
DNA polymerase, since it 1uses a DA femplate to catalyse the
polymerizatich of deceptiiclectides. These encymes are highly efficient
enrymes as they have to catalyse polyrmerisation of a large number of
tiiclectice s it a very short time. E. colithat has only 4.6 < 109D [cofopare
it with human whose diploid content is 6.6 = 109 bp], completes the
process of mplication within 38 mimates, that means the average rate of
polpmrerisation ha s to be approsimately 2000 bp per s cotd. Mot oy co
these pdymerasss hawe tobe fast, but they alzohave o catalpss the reaction
with high degres of accuracy. Any ristalee during repli cation wonald result
into mutation . FPurthemoore, enerdeti call ¥ replicatich iz 4 Very expensive
process. Deceyribotacdecsice triphosphates ssre dual purposss. In
acklition o acting as substrates, they provice enengy for poljTneri sation
reaction [the twotermmnal phosphates in & decegru deosde triphosphates
am high-energy phosphates, same as in case of ATH).

In addition to DHA-dependent DNA polymerases, many adcditional
BNIymes afe equired to complete the process of replication with high
degres of accuracy. For long DA molecules, since the two strands of
DIMA canhot be separated in it s entire length [coe to very high ensrgy
requirernent], the replication occur within a small opening of the DA
heliz, referred to as replcation fork. The DNA-dependent DA
polymerazes catalyse polyrerization only in one direction, that is 5 53,
Thiz creates some additional complications at the replicating forlk.
Conzquently, on one strand [the template with polarity 3367, the
replication is comtinuwous, while on the other [the template with
polarity 5 =23, it iz disconiinuous. The dizcontinuously synthesized
fragments are later joined by the ensroe DNA Hgase (Figurs 6.5).

The DA polymerases of their own cannot initiate the process of
replicatioty. Alsothe replication dioes not initiate rancomly at ang place
in DMA. There iz a definite region in E. coli DNA where the replicaticon
originates. Such regiohs are termed as orlgin of repllcation. It is
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because of the requirement of the origin of
replicatiots that a piece of DA if fneeded o be
propagated during recormbinant DNA procedure s,
requires a vector. The vectors provicde the origin of
replication.

Further, ot every detail of replication is
understood well. In eukaryotes, the eplication of
DA takes place at S-phase of the ell-cycle. The
meplicaticn of DA and cell divizion cypcle shodd be
highly moomlinated. & failure in cell ditvision after
DMNaA replication results into polyploidi(a
chimmosorrel atnofely. Tou will learn the detadled
tatue of orign and the processes oo curning at this
site, in higher classes

& D TramMscRPITeN

The process of copiring genetic informetion frorm one
strand of the DA into RMNA iz termed as
transcription. Here also, the principle of
corrplerrentanity governs the proces s of trans cription, except the acenosne
tiow formms base pair with wracil instead of thimine. Howetver, unlilee in
the process of repli catictl, which ohice st in, the total DINACE an organism
gets duplicated, in tran scription only a sedment of DMA and only one of
the strands is copied ittto FMA. This necessitates defining the boundaries
that would demmarcate the egion and the strand of DA that would be
transcribed

Wl both the strands ame not copied during transcription has the
simmple answer. First, if both strands act a template, they would code for
FIMA roole muile with different sequences [Remmember conplerentarity coes
tuot rean idetiti cal], atd it tarn, if they coce for proteins, the sequence of
afritio acidls in the proteins would be different. Hence, one s gment of the
DMa wonald be coditgg for two differett proteins, atd this would conaplicats
the geretic information transier machinery. Second, the two BEIA nmolecule s
if prociuced smultanecisly would be complerrentany to each ather, hetice
wolld formn a diotble stranded BIA This would prevetit BEIA from beit g
translated into protein and the exercise of transcription would become a
futile one.

6.5. Ll Transcription Unit

Atranzeription wuhit in DA s defined prifarily by the three regices it
the DIIA:
[ AProcoter
[ii] The Structiiral gene
[iii] & Terrritiator

Figure 6.8 Feplicating Forl
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There iz a convention in defining the two strands of the DNA in the
stouctiral gene of atransription unit Sincethe two strancs have opposite
polarity ancd the DNA-dependent RNA polymerase also catalyse the
polprmerisation in only one direction, that is, 5 =3, the strandthat has
the polarity 5 —6 acts as a template. and is also referred to as template
strand. The other strand which has the polarity (5 —3) and the squence
sarme as BNA [pacept thijmnine at the place of uracil], is displaced curing
transcription. Stratgely, this strand [which does not. coce for angthing]
is refermd to as coding strand. Al the reference point while defining a
transcription unit is made with codling strand To explain the point, a
hypothetical sequence fromn a tran seription whit is represented below:

3 -ATSCATGCATSCATGCATSCATGC-E  Template Strand
R -TACGTACGTACGTACGTACGTACS-3  Coding Strand
Chan, Yot neto worte the sequience of BNA transonibed, from aboce DA

Tranacripiion sart site

-
Promacter ‘Ternaittnr

L 5

E’ 'E?:;'.- ai
Coding sirand

Figure 6.9 Schematic structure of a transcription unit

The promoier and terminator flank the struciural gene in a
transcription unit. The promoter is said to be located towards B -end
pstmeam) of the structaral gne [the reference is made with mspect 1o
the polarity of coditg strand)]. It iz a DHA ssquence that provicles bitclitng
site for EMA polymerase, and it is the presence of a promoter in a
tran scription unit that alsodefine s the ternplate and coding strands. By
switching its position with termminator, the definiticn of codityg and ternplate
strands could be reversed. The terminator is located towards 3'-end
[Aownstrean) of the coditg strand and it Wanally defines the endofthe
process of franscription [Figure 6.59). There are adcitional regulatory
sequences that may be pressnt further upstream or downstrean to the
promoter. Somme of the properties of these sequences shall be discussed
while dealing with egulation of gete expre ssion.

6.5.2 Transcription Unit and the Gene

& gene is cefined a s the functional wunit of inhertance. Though thers is no
ambiguity thatthe geties are located on the DI A, it is ciffi cult to literally
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cefine a gene it terms of DNA squence. The DA sequence coding for
tRMACT tRIA mmole cule also define a gene. Howeser by defining a cistron
as 4 segment of DA coding for a polypepticle, the structural gene in a
transcr ption whit coudd be said s monocistronic [mosly ineucaryote s)
or polycisironic [rostly in bacteria of prolaryote s In sultaryotes, the
ronocistmohic strctural genes hate intemupted coditng sequences —the
genes in eukarjotes are split. The coding sequences O expressecl
sequetices are defined as exons. Exon s ame said to be those sequetice
that appear in mature or processed FHA The sxon s are interrupted by
Introns. Intmons or intervening sequences do not appear in matare or
processecd RMA The split-gene arfangement further complicates the
cefinition of a gene in terms of a DA segment.

Inheritatice of a characteris alsoaffected by promoter and regulatory
squenices of a structural gere. Hence, sometinre the refulatory ssquences
are loosely defined as regulatory genes, even though these sequences do
twot cocle for any BIA of prot et .

6.5.3 Types of RNA and the process of Transcripton

Ith bacteria, there ame thiee major type s of FI A mBENA [ressen g r BN,
1EMA [ransfer RMNA, and tRMNA [fbosomal FNA 2l thee BENAS are
tieeced to syhithesize a protein ina cell. The mBENA protkicdes the tenplate,
tRIMA brings aminoacids and reads the genetic code, and rtRMNAs play
structural and catalytic role during translation. There is single
CHA-depencent FINA polymrerase that cataljses transeription of all types
of B4 in bacteria. EMNA polymers binds o promoter and indtiates
transcription [Initiatlon) . It uses nucleoside triphosphates as substrate

Figure 6.10 Frocess of Transcription i Bacteria
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and polymerises in a template depended fashion following the oule of
conplerrentarity. It somrehow alzo facilitates openitg of the helix and
cotitinues elongation, Cnlya short stretch of RIA remein s bound tothe
enmne. Crce the polymrerases reache s the termminatior regiot, the nasoeat
EMafalls off, 50 alsothe RNApolymerase. This esalts in termination of
transcription.

An intriguing que stion is that how iz the RHA polymerases able
tocatalyse all the three steps. which are initiation, elongaticn and
termination. The EMNA polymerase is only capable of catalysing the
process of elongdation. It assodates transently with nkiatlon-factor (7
and termination-factor [p) toinitiate and terminate the transcption,
respectively. Association with these factors alter the specificity of the
EMa polymerase toeither initiate or terminate [Figure 6.10].

Ity bacteria, sitce the mENA doe s not equire aty proce ssing 1o become
active, and also since transiption and translation take place in the samre
cofrpartoent there iz no sparation of cytosal and i cleus in bacteria),
rmany times the translation can begin omich before the mBEMA is fully
transcribed Consequettly, the transmiption and tran slatiot catn be ooapled
in bacteria.

In eukaryotes, there are two additicnal complexities —

[[] Them are atleast three BMA poljmerases in the nucleus (in acddition

1o the RHA polymerase found in the arganelles). There is a clear

cut divizion of labour The BEMA polymerase I transcribes: rRNAS
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Figure 6.11 Frocess of Transcription in Eultarpobes
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[28E. 185, and 5.25). whereas the FMA polypmerase I is responsible
for transcription of tRNA, 5srRN A, anc snRNAsS [small nuclear
RNAs|. The RNA polymerase II transoribes precursor of mBEA, the
heterogeneous nuclear RNA (hnHENA).

[ii] The scond compleaity is that the pritmary transcript s contain both
the exohs and the introfis and are hoh-functiohal. Hence, it is
subjected toa proces s called splicing where the introns are rernonecl
and emons are joined in a defined orcder. hnBENA undergo two
additicnal processing called as capping and tailingg. In capping an
untsual nacectide [rethyl guanosine triphosphate] is adced tothe
R endof hnRMA In tailing, adenylate resicues (200-300) are added
at 3 endin a template independent manner. It is the fully proce ssed
hnRMNA, now called mBEMNA, that is transported out of the nucleus for
translation [EFigure 6.11).

The significance of such complexities iz now beginning to be
understood The split -gete amangemrent s represet probably an atwcient
feature of the genomme. The presen ce of introns is remminiscent of antiquity,
atdl the process of splicih g repesants the dominance of RNA-Sorld. n
mecent times, the understanding of FIMA and RHNA-cependent proce sses
i1 the living systemhate assumed more inportance.

.G Dryersn ook

Draring replication and transcription a nuceic acid was copied Wo form
ancother nucleic acid. Hence, these processes are easy to conceptiualise
on the basiz of complerentarnity. The process of translation requires
transfer of getetic information frorma polymer of nu clectides to a polpmer
of amino acids. MNeither does any complementarity exist between
taclentide s and amitoacids, nor could ang be drawn theoretically. There
existed ample evidences, though, to support the noticn that chatge it
tuacleic acids (Fetetic material] were responstle for changein anmmito acids
ity proteins. This led tothe proposition of a genetic code that eould direct
the sequetice of ammito acds duning synthesis of protein s,

If determiting the biochemrical nature of genetic materal and the
stracture of DNA was wery exciting, the proposition and decphering of
gehetic code were most challeh@ng. In a wery true ssnse, it required
inwvolvenent of scientists from several disciplines — phisicists, orgaic
cherists, biocherists and geneticists, It was George SGamow, a phiysicist,
who argued that since there are only 4 bases andif they have tocode for
20 armtio acids, the code showld cofstitite a combination of bases He
suggested that in order to code for all the 20 amino acds, the oode shoald
Bz rracle 1p of thres i clecticdles. This was a very bold proposition, because
a permratation combination of 48 (4 4« 4] woudd generate 64 codons;
geherating maty more codors thatl requirec.

Froviding proof that the codon was a triplet, was a more dannting
tasl. The chermical method deseloped by Har Gobind Ehorana was

-
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i strurmental in synthes sngd FNA nolecules with defined combination s
of bazes [homopolimers and copolimrers| . Larshall Nirenberg's cell-free
system for protein synthesis finally helped the oode to be deciphemd.
SGevem Ochoa enjme [polpnuclectide phosphorilase] was also helpiul
ity polyrred sng FIA with defined sequences in a ternplate independent
matiher [enrpmatic synthesis of BMA). Finally a checker-board for genstic
cocle was prepared which is given in Table 6. 1.

Table 6. 1: The Codons forthe Vadouws Amno Acids

Fixnk Thivd
Berond pealiion
h —

1 U [« A a l
TS Phe | 0N Ser | UAD Tyr |CR1T Cym
UWGHH 1T Ber | UALC Tyr |GGG Cya |C
TUA Lem | UCA Ser | VAR Btep | UGA Step
TG Len | UDG S | W0 Siop| UGG Top |a
I Tsu | OCIF Pro | CAIT His | CGIT Ary
nﬂl‘."!‘.ﬂ O0C P | OAD Bha | OO0 Mg |C
{208 Lea | 40A Fro | AS m | A Ang
R} Lew | OO Pro | GAG Gin | DGO ADy g
AU Le ACD Thr | AAL Aso | ACAT Ber
!LAJ.'IEE ACC Thr | AAC Aan | AQC Ser |
ATTA T | ACsh Thr | AMA Lyn |AOA joy
ATEG Biak | AR Thr | AAC 1y | AGC Ay o
OUU Val | GO Ale | QAT Aiy | OO0 iy
uﬂ‘l:l'l:\hl. GCC Ale | GAC Jep |OGC Gix |0
OUA Val | GCA Als | GAA (R | OHGA Oy
470 ¥l | GOG Ale | GAG T | GEKE 8y |

The salient feature s of genetic code are a s follow s

[i] Thecodonistriplet. 61 cocdons code for amnito e s and S eocohs co
tuot cocke for ang armino acids, hence they function as stop codions.
[i] One codon codes for only one amino acid, hence, it is
unam biguouns ancl specific.
(ili] Some amino acids are coded by more than one oocon, hence
the wode is degenerate.
[iv] The modot iz read in mMBEMA N a contifuois fashion. There are
no punctuation s
[+ The codeis neardy umlversal: for exarmnple, fiom bacteria tohumat
I woidd cock fior Fhenylalanine [phe). Some exceptions tothiz
rule have besn found in mitochotdnial codons, and in sone
protoroatis.
[wi AlTG hasdual functions, It codes for Methiotiite [fmet] , atnd it
alsoarct as Inltlator cocion.
If Jollowning 05 the sequence of nucteotides o mENA, predict the
sequence of aminoe acid coded, By O take help qf the duecke rboard]:

AL DITALT LIAC: LIS DI LICHr LiCac-
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Novo by the opposite. Follouwang s the sequence of dimine Gods coded,
b srRNA Fredict the sequence of nucleoticde n fhwe KM

Met-Fhe-FheLheLheFhe-Fhe
Do you face angy difficuity n predicing the opposibe?

Chn, (ot necs cofrelatbe wihidh oo properties of genetic code yot i
tearnts

6.6, 1 Mutations and Genetic Code

The melatiotizhip s betwesh fenes and DIMA are best wuncerstood by ratation
stucties. Tou have stucied about oatation and fseffect in Chapter 5. Effects
of large delstions and rearrangernents it a segrent of DA are easy o
cormprehend ey resultinloss of gaitof a gete and soa function. The
effect of point roatations will be explained here. A classical exaniple of
point roatation is a changs of single base pairin the gne for beta gobin
chiain that results in the chatge of ammno acid resicie ghatammate to valite.
It results into a dissased condition called a s sichle cell anemda . Effect of
point roatations that inserts or deletes a base in struchural gene can be
better understood by followitg sifnple exarmple.

Cotsider a statement that iz made up of the following worcs each
havityg three letters like genetic cods.

RAM HAS RED CAP

If we insert a letter B in between HAS and RED and rearrange the
statemrent, it would read as follows:

RAM HAS BRE DCA P

Sinmlarly, if we now insert twoletters at the same place, say Bl How it
wold read,

RAM HAS BIR EDC AP
Mo we insert three letters todether, sayH G, the staternent wouddread
RAM HAS BIG RED CAP

The safne exercise can be repeated, by deleting the letters BV E and D,
are by one and reamanging the staternent 1o nwalee a triplet wond.

RAM HAS EDC AP
RAM HAS DCA P
RAM HAS CAP

The coticluszion ffom the abowve exercise is wry obvous. [nsertion or
celetichi of ote of twobases chatges the reading fame from the point of
insertion of deletion. Insertion or deletioh of thmee or its multiple bases

1



BIQLOGY

ingert or delete one o foadtiple cocdon hetice one or oodtipls anino accs,
and madlifng famme refrmains unaltered from that point anwards. Such
ratations are referred to as frame-shift insention or deleton muta Hons.
This forms the genetic bazs of proof that codoh is a triplet andit is reacd
il & cortigmi s e nmner.

6.6.2 tRNA-the Adapter Molecule

Frorm the very beditining of the propositiot of code, it was clear toFranc s
Crick that them ha s tobe amechanism toread the code and alsoto lind it
1o the amino acids, becait s amriho acdds haveno structuaral spedalities to
read the cote uniquely. He postulated the presence of an adapter moleculs
that woiild on one hand read the code and on other hand woald bind
o spedific amino adds. The tREMNA, then called sREMNA [zoluble RIA),
was knowt before the getietic code was postulated Howeser, its mle
as an adapter mole cule was
assiftec o ch later.
EMAha s an antlcodon
loop that has baszes
morrplerrentary to the coce,

G

114

‘ and it also has an amino
C 3 acld accepter end to which
:} - it binds to ammno acids.

tRMAs ame pedfic for each
ammino acid [Figure 6.1Z2].

For initiation, there is
'n Anticndsn ancther specific t(RMNAthat iz

t 2 E Codon E E i mENA referred to asz inltlator
B - - ¥ iRNA. There are no tRMNAs

for #op cocdons. In figure

Figure 6.12 tEH4 - the adapter molecule .12, the secondary

stritcture of tRMNA has been
depicted that looks like a cdoser Jeaf. In actual stnucture, the tENA i5 a
corrpact nole cile which looks lilee invwertedL.

.7 TraNs ATION

Translation refers to the process of poljroerisation of amito acids o
fiormn a polppeptide [Figare 6. 135). The omler and sequence of amino acids
am defined by the sequence of bases in the mENA The amino acids are
joitied by a bond which is khowh as a peptide bond. Formation of a
peptide bond require s energy. Themefors, in the first phase itself amino
acids are activated in the presstce of ATE and linked to their cofnate
tRNA-a process commonly called as charging of tRNA or
aminoacylation of tRNA tobe more specific. If two such charged RN AS
am brought close enowgh, the formation of peptide bond betwesn them
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wold be favoured energetically. The
presence of a catalyst would enhance
the rate of peptide botd formrat iot.
The cellular factory responsible for
spnthesisitng proteins is the ribosomne.
The ribosome cotssts of stouctural
EMas and about 80 different proteins.
In itz inactive state, it exists as two
subunits; alagge subunit and a small
subunit. When the small subunit
enoointers an mEMNA, the proess of
translation of the mEMA to protein
begite. There are two sites in the larde
subunit, for subsequent amino adds

to bind to and this, be close encugh Figure 6.13 Translation

to each other for the formation of a
peptide bond. The ribosomne also acts 45 a catalpst (235 rEMA D bacteria
iz the ensimne - ribogyme) for the forme tion of peptide bond.

A translatichal unit in mBEMA s the sequence of FMHA that is lanked
by the start codot (AT and the stop codon and coce s for a pol ypeptice.
An mBENA also has some additional sequenices that are not tran slated
atdl are referred as uniranshted reglons (UTR]. The UTEs are present
at both B -end [before start codon) and at 3'-end [after stop codon) . They
are required for efficient tran slation pmocess.

Faor initiation, the ribosome bitds tothe mBHA at the start codon (AT
that is recoghized ohily by the initiator tRNA  The ribosorne proceed s tothe
elongation phasze of protein spnthesis. During this stage, compleaes
comnposed of an ammino acid linked to tRMNA. sequentially bind to the
appropriate cocdon in mEMA by forming complemrmentary base pairs with
the tRMNA anti codat. The ribosomine fooses frnom codot bo codaty alotyg the
mREA Ao acids are added one by one, translated into Folypeptide
sequenies dictated by DA and epresnted by mBEMA At the end, a release
factor binds to the stop codon, terminating translation and releasitg the
cornplete polypeptice fromthe dbosore.

G.8 Hemvnamow oF Tene Dxrression

Regulaon of gens expression efers 1oa very broad termm that meg ocoar
at varous levels. Consicering that fene expre ssint fesitltzin the formation
of a polypeptide, it cat be regulated at several levels. In eukaryotes, the
megilaticty couldd be exerted at
[i] transcriptiomnallesel] [formation of pritoarry trans cipt],

[ii] processitg level [redalation of splicitg],

[iii] transportof mBNA fom nucleus tothe cptoplason,

(W translational level.

-
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The genes in a cell are expressec W0 perfiommn a patticalar function or a
set of fuhcticn s, Bor exannple, if an ensime called beta-galactosicase is
synthesized by E coll, it is used to catalyse the hidrolysis of a
dizaccharide, lactose into galactoss and gliuoose; the bacteria use them
asa source of enerdy. Hence, if the bacteria do not have lactose anound
thern to be utilised for energy source, they would no longder requite the
sptthesis of the enspme beta-galactosidase. Therefore, it sitple terms,
it iz themetabolic, physicologeal o endronrental cohdition s that refulate
the expressionof gghnes. The development and differentiation of ernbrio
itito achalt ofnfatisins are als0 a result of the coorcinated regulation of
expressonof several sets of genes.

In pmokarjotes, control of the rate of franscriptional initiation is the
predoroitiant site for contool of gene expression. Iha transcription unit,
the activity of EMNA poljmerase at a given promoter is in turn regualatec
by interaction with accessory proteins, which affect its ability to moogdhize
start sites. These regulatory proteit s can act both positively [activators)
and negativel ¥ [epressors]. The aceesability of promoter regions of
profarotic DAL s it any case s regulated by the interaction of proteins
with zequernces termed operators. The operator regionis adjacent tothe
profoter elemments in most operons and it most cases the sequetices of
the operator bind a repressor protein. Each operoti has itz specific
aperator and specific repressor. For exanple, lac operator is present
atlyity the iacoperot and it interacts specifically with lac repres sor oflfy.

6.8.1 The Lac operon

The eliddaticn of the imc opermd was alao aresult of a dose association
between a geneticist, Franoois Jarob ancda biochermist, Jaogue Moo, They
were the first toelucidate a transcriptionally regulated systern In lacopeion
e iacefkemes tolactoss], a polycdstionic structural geheis regulatedby a
corrrnot profoter and mFulatory gene s Such amangdernent is Wery cofmns
it1 bacteria andisz efermed 1o a5 operon. To name few such exannples, do
CpErOry, W Operor, Fd Opei, Nuis Operon, saloperon, ete.

The tac operon cotizists of one mgulatory gene (the (Fene - here the
termn ( does not refer toinducer, rather it is derived from the word inhibitaor)
and thiee structural genes [z, o, and a]. The (gene codes for the epressor
of the tac operon. The 2 gene codes for beta-galactosidase [(5-gal), which
is primarily mesponsible for the hydmlyss of the disaccharice, lactose
into its monomeric wunits, galactose and glucos. The o gene codes for
pemease, which inceases permeabdity of the 21l to f-galactoszidles. The
@ gene encoces a transacetjlaze. Hence, all the thiee gene products in
o operot are required for metabolism of lactose. In oost other opemt s
azwel, the genes present it the operon are heeded together 1o function
it1 the same or wlated metabolic pathway [(Figure 6. 14).
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Figure 6.14 The imz Operon

Lactose is the substrate for the encyme beta-galactosidase and it
megilate s switchitg o atd of of the operon. Henee, itis termed 2z iInducer.
In the abzence of a prefermed carbon source suchas ghamse, if lactose is
provided it the groweth medivrm of the bacteria, the lactose is transported
itito the cells throagh the action of perirease [Remerrber, a wery low level
of exxpression of oo operof has o be present in the cell all the time,
ctherwize lactose catihiot enter the c2lls]. The lactoss then indices the
operod ity the followin g ma nner.

The mpressor of the operoh is sfnthe ssed [all-the -tirne - constitativeld
from the 3 gene. The epres sor protein binds tothe operator region of the
operot and prevents BIA polymerases fromn tran scribing the opercn.
the presence of anindicer, such as lactose aor allolactose, the repressaris
inactivated by interaction with the inchicer. This allows BHA polynerase
access to the promoter and transcription proceeds [Figare 6.14).
Ezsentially, regulation of lacoperot can alzobe wswalized as regul ation
of enzymre synthesis by its substrate.

Hermember, glicose of galactose cannoet aof a3 nducers Jor oo
operon. San gou tunk for how long e lac operon wotdd, be expressed
in the presence of lacose?

Fegulation of igc operon by repressor is refermed to as negdatlve
regulatlon. Lacoperon is under control of positive regdulation as well,
bt it iz bejond the scope of dizcussion at this lewel

117

1



114

BIQLOGY

5.0 Himaw GeEnoMe PROSECT

11 the prececing sections ot have leamt that itis the sequence of bases
in DA that determmine s the genetic information of a given orfanison In
other worcls, gehetic male-ip of an organismnor an indivichial les inthe
DA sequences. Iftwo indivicuals differ, then their DINA sequences shouilc
also be different, at least at some places. These assunption s led to the
quest of finding ot the complete DHA sequence of haman genomre. With
the establishment of genetic engineering techiiques where it was possitls
to isolate and clone any piece of DA and availability of sitnple and fast
techniques for determining DMNA sequences, a wery ambitions project of
sequencing humen gnome was launched in the fear 1990,

Human Genome Project [HGH was called a mega project. Touw can
imagine the magmitude and the equirernent s for the project if we sinply
define the aims of the project as follows:

Human genorre is said to have approgimately 32 107 bp, and if the
cost of sequencing required is U5 3 3 per bp [the estimated cost in the
begitimitigd], the total estirnated cost of the pooje ot wolld be ap prosirra tely
8 billion TS dallars. Farther, if the obtained sequen ces were 1o be stored
it typed form in booles, atd if each page of the book contaitied 1000
letters and each book contained 1000 pagdes, then 3300 such bookcs wonald
be mequired to store the informnatiod of DA sejuetice oo a single human
cell. The enormows amount of data expected to be generated also
tiece sstated the 1z of high speed cormputaticnal dewiees for data storage
and retrieval, and analysis. HGE was cosely associated with the rapid
deweloprment of a new area in biology called 4 5 Bloinformatics.

Goals of HGP
Sore of the irnport ant goal s of HGE were s follows:
[l Idemntifi all the approedtnately @0, 00026 000 genes in humman DA,
[ii] Determine the sequences of the 3 billion chemrical bass pairs that
rralke up human DA,
[iiii] Shore this nformnation it databazes,

(¥ Improwe tools for data analya s,

M Transfer related techrologies to ather s otars, such as incha stries;

(Wi Addressthe ethical, legal, and social issues [ELS]) that may arise

from the project.

The Human Genome Froject was a 13-pear prioject coomlinated by
the 1.8, Department of Energy and the Natiotial Institute of Health, Diuring
the early years of the HGF, the Wellcome Trust (UK became a major
parthier; additichial contributiohs came from Japan, Pranoe, Germmany,
China and others. The project was completed in 2005, Enowledge about
the effects of DA wariations arong individiuals cat lead to ewoluticnacy
tiew ways to diaghose, treat and someday prevett the thousands of
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disorders that affect human beings. Besides providing clues to
understanding himah bology, leartning about 1ot -humeh onfanisimns
DA sequences can lead to an uncerstanding of their natural capabilities
that can be applied toward solving challenges it heslth care, agricultare,
Enerdy procuction, entdronrrental remnediation . Lany fot-hurnah fooce]
organisms, suchas bacteria, peast, Caenoruabditis elegan s [a free living
tioti-pathogenic hematode], Drosophda (the fruit 03], plants [fice and
Arabidopsis), ete., hawve also been sequenced.

Meithodologles : The methods inwlwed two major approaches. One
appmach focased on identifiing all the genes that expressed as BNA
[refemed 0 az Expressed Sequence Tags (ESTs. The other took the
blitd approach of simply sequencing the whole set of enome that
cotrtaitied all the coding and hot-coding sequence, and later assigning
cifferent regions in the sequence with functions (a term refemmed to as
Sequence Annotation] For sequencing. the total DA from a cell is
isolated and cotverted into rancom fragment s of elativel ¥ smaller sizes
[recall CMA Qs a very lotyd polimer, and themw are techhical limitatiohs in
sequeticing very long pieces of DIMA] and cloned in suitable host wsing
specialised vectors. The cloning resulted into anplification of ach piece
of DA fragoent sothat it subsequently could be sequenced with eaze.
The ommonl ¥ used hosts were bacteria and jeast, and the wectors were
called as BAC (bacterial artificial chromosomres), and YOG [east artificial
chrofrosores).

The fragments were spqueticed wsing autormated DNA ssquencersthat
worked of the principle of a method developed by Frederick Sanger.
[Femernber, Sanger is also credited for developing method for
determination of amino acid
sequences in proteins). These
sequetice s were then arranged basecd
on some overlapping regdions
present in them  This required
gEneration of cierlappitg fragments
for sequencing. Alignmrent of the =
geQuences was humanly not
possible. Therefore, specialised
compiter based programs were
dewveloped [Figure 6.15]. These
sequences were subsequently
antictated and were azsighed toeach
chromosome. The sequence of
chmmosore 1 was completec only
in hay 2006 thiz was the last of

the 24 human chiomosomes — 22 Figure 6.15 4 representative diagram of human

atosomes and X and ¥ - to be gemome project

1
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sequenced]. Ancther challenging task was assigning the genstic ancd
physical maps oh the @home. This was generated wsing informatiod ot
polymorphismof restriction endotiiclea s recognition sites, and some
repetitive DA sequences kenown a5 rmicmsatellite s [one of the applicaticns
of polymorphismm it repetitive DINA :equetices shall be explained it nest
sectiot of DIMA ingderprittitig] .

6.2.1 Salient Features of Huoman Genoine

Sorre of the zalient observation s drawn fom human genore project are
as follows:
[l Thehuman genome ontains 3164 7 million nuclectice bases.
] Theaverage gene consists of 3000 bases, but sizes vary greatly, with
the langest onown burnan gene being cyrstrophin at 2 4oollion bases.
[ii] The total number of Ggenes is estimated at 30,000 -much lower
than presvioiis estimates of 80,000 to 140,000 gnes. Almost all
[99.9 per cent) iicectide bazes are exactly the same in all people.
[+ The functions areunichow for over 5O per cent of discovere] gehies.
M Lessthan 2 per cent of the genome oodes for proteits.
W ERepeated sequences make up very large portion of the human
HEIOLTE
(il Hepetitive sequetces ame stetches of DMA sequences that are
mEpeated many titres, sofretines huncmed o thon zand tires. They
are thought to have nodirect coding functions, but they shed light
of1 chiomnosome structure, dinammics and evolution.
(if) Chromosome 1 hes most genes [2965), andthe T hasthe fewest (23 1)
[z Scientizts hawve identified about 1.4 moillion locations where singe-
basze DNA differences [SHNPs —single nucleotide polymorphism,
protciticed 4z ‘sips’] ocour it humans, This informoation prose s
torewoluticnize the processes of finding chrormosormal locations for
cisgass-associated squetnce s and tracing hiummah history

G.9.2 Applications and Future Challenges

Denving meanitgful knowledge fmom the DA sejuetices will define
resarch throigh the commng decackes leading 1o our understancding of
biological systems. This encrooous task will require the expertise and
creativity of tens of thowsands of scienti sts from vaned discipline s in bath
the public and private sectors worldwide. One of the greatest inpacts of
having the HG ssquence may well be enabling a raci cally new approach
to biclog cal research. In the past, researchers studied one of 4 2w Enes
at a time With whole-gfenomre sequetices ancd new high-throu ghpat
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technologie s, we can appmachquestions spstematically andon a moach
broader scale. They cat study all the genes it a genome, for exaniple, all
the trafscripts in a particular tizsue of organ of tunor, of how tens of
thiou sandsof genes and proteins work together in intercormne cted networks
toorchestrate the cher stryof life.

6. 10 DHA FresiRenRINTING

A5 stated in the prececing sction, 99.9 per cent of base sequen e among
humans is the same. Assuming hugean genorme as 3 = I0F bp, in fuow
raany Base sequences would there be differences? I is these difference s
in sequence of DA which make every individual unique in their
phenctypic appearance. If one aims to find out genetic differences
between two individuals or among individuals of a population,
squencing the DHA every time would be a u:launtiglg and expensive
tasl. Imagine trying to compare two setzof 5= 10 Dase pairs. DNA
fingerprinting is a very quick way to cormpare the DA sequetce s of aty
twoindivicial z.

DHMA fingerprinting inwolves identifying differences in some specific
regiotiz it DA sequence called as repetitive DNA, because in these
squenices, a stmall stretchoof DA is repeated many times . These epetitive
DHMA are separated from bulk genormic DA as different pealks during
den sity gradient centrifugation. The bulk DA forms a mejor peak and
the other stmall peals are referred o as satelite DNA. Depetding on
base composition (& Trichor GC k], length of segrment, and number
of repetitive units, the satellite DM A s classifedinto many catedories.
such as micro-satellites, mini-satellites ete. These squence s nommally
do not code for any proteits, bt they formn a large portion of hiiman
genomme. These sequence show high degree of palymorphism and forrm
the basis of DHA fingerprinting. Since DMNA fromeverytissue (such as
blood, hair-follicle, skin, bone, saliva, sperm et ], ffom an indivicial
show the same degree of polymorphism, they become very wsefil
ickentifi cation tool in forensc applications. Further, as the polyroorphisins
are ittheritabls from parenits to chilciren, DMA fingerprinting iz the basis
of paternity testing, in case of disputes.

Az polymorphizmin DA ssquence is the basis of genetic mapping
of hurman genomre as well as of DA fingerprinting, it is essential that we
understand what DA polymorphism means in simple terms.
Folymorphism [variation at getetic leve]] ariss s due toomataticns. [Fecall
different kind of otations and their effects that jou have alreacy
studlied in Chapter 5, and in the preceding sections in this chapier)]
Mew mutations may arise it an individual either in somatic cells orin
the gertn cells [c2lls that generate gametes in sEsgally reprocducing
orgatiisrmg. Ifa germ cell rmuatation does not sericusly inmpadr itcividual's

(K4
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ability to hase offspring who can transout the moatation, it can spreadto
the other members of popidation [through ssanal reprocduction). Allelic
[againrecall the definiticn of allele s from Chapter b] sequen ce variation
has traditionally been described az a4 DNA polymorphism if more than
one variant [allelg] at a locus ocours in humman popualation with a
frequency greater than 0.01. Ih sitnple terms, if an inhertable muta Hon
iz observed in a popitlation at high fequency, it is referred to as DNA
polymorphlsm. The probability of such variation to be observedin non-
coclityd DA sequence woldd be higher as mutation s in the se sequences
may not have any immediate effectfimnpact in an individuwal™s
reprochictive ability. Thess ooatatiohs keep ot accunmalating gereration
after generation, and form one of the basis of variability fpoljrnorphism
Them is a vanety of different tipes of polpmorphisms ranging o e
nucleotice change to wery large scale changes. For evolution and
spediation, such polprmorphizmes play vwery itnportant rols, and o will
study thes it details at higher class=s.

The technique of DA Fingerprinting was initially developed by Alec
Jeffreys. Hewsed a satellite DA as probe that shows very high degdres
of polyrrorphismn. [twas called az Varlable Number of Tandem Repeais
[VIHTE]. The techhijue, as used earlier, inwolved Southern blot
hybridisation using radiclabelled VHNTE as a probe. It included

[i isolatioty of DA,
[ii] digestict of DMNA by restriction endoni deaszes,
[iii] separatiot of DMNA fragments by electrophore sis,

[iv transferring (blotting of separated DA fTagments to spnthetic
membrangs, such as nitrocellulose or nylon,

[+ hybridization using labellecd VN TE probe, and

(] detection of hybricised DA fagmrent s byrautoraciography. & schernatic
repre sEntation of DA fingerprinting iz shownin Figure 6. 16,

The VITTR belongs to a class of satellite DN Amfermd 1o as mini-satellite.
& small DA sequence iz arrahged tandemly in many copy numbers.
The copy nummber varies ffom chromosome 0 chromosome in an
indiwidual. The numbers of repeat show wery high degree of
polymorphisin Az a result the size of VNTE waries i size from 0.1 to
20 kb, Consequently, after hybridization with WNTE probe, the
autoradiogram gives many bands of difering sizes. These bands give a
characteristic pattern for an individual DA Figure 6.16). It differs from
innclivichiaal to itdivdial it a popialation except it the case of nohospdctic
[identical] twins. The sensitivity of the technique has been increased
by wse of polymerase chain reaction [FCE—jou will stucky about it in
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mpatla
on a gel, give & DNA Ingerprint

Figure §.16 Schematic e entation of DA fingsrprinting: Few r santative chromosomes
hawe besn wn to contain different copp mamber of WIITR. For the sale of
understanding different coloar schemes hawe been tsed to trace the ombgin of sach
bard in the gel. The two alleles [patemal and maternsl] of 2 chromosome also
cotrtain different copp mambers of VHTRE. It &= clear that the banding pattern of DA
from crime scere matches with individual B, and not with &

Chapter 11]. Consequently, DA foma single cellis enough to perform 122
DA fingerprinting analjsis. Inaddition to application in forens c scistce,
it has ooich wider application, such as in determinin g popalaticn and
genetic diversities. Currently, many different probes ame wsed to generate
DM A fit gerpritits.

1
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SUMMARY

Hucleic acids are long polymers of nuclectides . Whils DNA stores genetic
irform ation, RN A mostly helps in transfer and expression of information.
Though DHA ard FNA both furction as genetic material, bt DN A being
chernically and structurslly more stable is 2 better geretic material
Howener, FHA i= the first to evolve and DA ves denved fror FITA The
hallrark of the double stranded helical strachare of DHA s the hpdrogen
bonding betwesn the bases from opposite strards. The nale is that |
Aderine pairs with Thymire throagh o H-bords, and Guanine with
COptosine through three H-bonds, This makes one strand
complementary to the other, The DNA replicates semiconservatively,
the process is guided by the complementary H-tonding. 4 segmert of
DA that codes for FIA may in 2 simplistic termn can be referred as |
gene. During transcription also, one of the strands of DA acts o
teraplate to direct the sprthesis of complementary FNA  In bacteria, |
the trarscribed mBNA is fanctionel, hence con directly be translated.
In eukarpotes, the gene iz split. The coding ssequences, sxons, are |
iterrupted by ron-coding sequences, intrors.  Introns are removed
and exons are joined to produce functional FIA by splicing. The
messenger FNA contains the base sequences that are read in a |
comn bination of three (o male toplet genetic code) to code for an amine
zcid. The geretic code is read again on the privciple of complementarity
b tFIA that acts a5 an adapter molecule. There are specific tRAs for
evary amiro acid. The tFNA birds to specific amino acid 3t ore end
and pairs through H-bonding with codes on mBNA through its |
articodons.  The site of translation (protein stmthesis) is ribosomes, |
viuich bind to mENA axd provide platform for joining of smiro scids,
ore of the TRNA acts as 2 catalpst for peptide bond formation, which is i
an example of FA ensyme [ribospmel. Translation is o process that
has evolved arowmd FHA, indicating that life begen arownd FNA Since,
transcription and translation are energetically very expensive |
processes, these hase o be tightly regulated. Regulation of transcrption
iz the primarmy step for regulation of gere expression In bacteria, more
than one gere is ammanged together and regulated i wmits called as
operons. Lac operon is the prototype operon in bacteria, which codes |
for geres resporsible for metabolista of lactose. The operon is regulated |
by the amourt of lactose in the mediim where the bacteria are grown,
Therefore, this regulation can alse be wiewed as regulation of eneyme |
synthesis by its substrate.

Hurnan genome project was 2 mega project thet aimed fo sequence |

gvary base in human gemome. This project has pelded much new
St information. Many new areas and avenues have opened up as a |
vy corsequerce of the project. DHA Fingerprinting is 2 techruique to find

out varistions in individuals of 2 population at DA level. It worles on
the pronciple of polpmorphism in DNA sequences. It has immense
applications m the fisld of forensic scietce, geretic tiodiversity and
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EXERCIEHES

1o,

11.

12,

1=
14.

Gioup the following as nitrogenoas bases and macleosides:
frdemine, Cytidine. Thymire, Guanosine, Uraci and Cytosine.

If a double stranded DA hes 20 per cant of optosine, caloulate the par
cett of adenite in the DA

If the sequernce of one straexd of DA is written 2= follows:
B - ATGCATGOAT GOAT GCATS CATG CATGC-3
Trite dowm the sequence of complemertary strand in §—3' direction.

I the sequerce of the coding strarnd in 2 franscription anit s writen
z= followes:

B ATGOAT oA T OAT GO TS OA T O TH0-5
tarite down the sequence of mENA

Which property of D Adouble helix lad TWatson and Crck to hypothesiss
semi-conservative mode of DA replication? Explain

Deperding upon the ckemical nature of the template [DHA or FIA)
and the nature of maclsic acids sythesised from it (DA or B, List
the tppes of muacleic acid polynerases.

Howe did Hershey arnd Chase differentiate betosssn DA and protein in
their experiment while proving that DA is the genetic materisl?

Differertiate betwesn the followings:

[a] Repefitive DA and Satellite DA

(b RN A and tRA

[z Template strarnd snd Coding strand

List twwo essentisl roles of ribosome during trarslation.

In the medium whers E. coll uss growing, lactose was added, which
irdnced the foc operon.  Then, why does lao operon shat dovn some
timne after addition of lactose in the medium?

Explain (in ore or two lines) the function of the followings:
(2] Promoter

(B R4

[ Exnons

Tthy is the Human Gerome project called a megs project?
What iz DINA fingerprinting? Mention its spplication
Enefly describe the following:

(2] Trarscription

(b Faolymorphiso
[c] Trarslation
[dl Bioinformatics

-



CHAPTER 7

EVOLUTION
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Srigin af Life

Eudlration of Life Forrme - 4
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Whatis Adaptive
Hadiation?
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Mechanizs o fEoation
Hardy - Weinkerg
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Emrclutior ary Biology is the stucy of history of life forms
on earth. What exactly is evolution? To uncerstand the
changs s it fliora and fauna that have ocoummed over millicn s
of years oh earth, we fist have an understanding of the
conteat of o g of life, ie., evolution of earth, of stars and
inckeed of the whiverse itzelf. What follow s is the lotge st of
allthe constrised and monjectumed stories. This isthe story
of origity of life atd evolutict of life forms of beodiver sty o
platiet earth it the contest of evdution O earth and against
the ba clegroanc of evolition of tniverse itsslf

01 Oacm o7 Lo

Wheh we look at stars of a dear night sky we are, ih a
way, looking baclk in titme. Stellar distances are measurec
it1 light fears. What we see today is anobject whoss efrittec
light. started its journey millions of jear back and from
trillicts of kilometes away and reaching our pes fnomw.
However, when we zee objects in our inmmediate
surroandings we see them instantly and hence in the
present titme. Therefiore, wheh we see stars we apparstitly
are peeping into the past.

The origin of life iz oot sdersd a unique event in the
history o uniterse. The univer s is vast. Relatively spealuing
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the earth itself is almost only a speck. The universe is wery
ald — aloost 20 billicn pears old. Huge cdusters of galagies comnpriss the
universe. Galamies contain stars and clouds of gas and chast. Consicering
the size O uhiverse, earth iz itdeed a speclc The Big Bangtheory atternpts
1o explait tou s the orign of uhiverse. [tialles of a singular huge explosion
unimagdinable in physical terms. The universe expanded and hence, the
temperature camne domwn. Hidrogeh and Helivm formed sommetime later
The gases condenssd under gravitation and formed the Falaaies of the
presetit day univerze. In the solar sypstern of the nulley way galazy, earth
was supposed to hate been formred about 4.5 billion fears bacle There
was noatnosphers on eany earth. Water vapour, methane, carbotclioesicls
and arrronia eleased from mdten mass conered the surface. The TV rays
forn the st brodeeup water into Hydmgen atd Ceopgen and the lighter H)
escapec]. Oapgen cofmbited with anmonia and methane o form water,
0, and others. The coone lajer was fomed. As it cooled, the water vapor
fell as rain, 1o il a1l the depressiotis and form oceans. Life appeared 500
roilliot years after the formation of earth, ie., almmost foure billion pears back.
Did life cofre fromm outerspace? Some scienti st s beliewe that it came
from out sick. Early Greek thinkers thought units of life called spores
were transterred todifferent flanets including earth. Panspertoa’ is still
& Tavourite idea for some astrohormers. For a ot titne it was alsobelisved
that life came out of decaying and rotting matter like straw, ooad, ete.
This was the theory of spotitaniemis generation. Louis Fasteur by carsful
experimentation demonstrated thatlife comes only fromm pre -eaisting Life.
He showed that it pre -sterilised fla sles, Life did not comne o killed fea st
while in ancther fla sk open toair, new living organisms amse fromn ke
Yyeast’. Bpontanecs generation theory was distssec otwce and for all.
Howewver, this cicd not answer how the first life form camme on earth.
Dparit of Fussia and Haldane of England proposed that the first form
af life could hate come frofn pre-esi sting o -living organi ¢ moleciiles
[e.g. FINA, protein, ete.) and that formation of life was prececed by chernical
evolutiot, ie., formatioh of diverse orgatic moleciles fmom inorgatic
constituents The conditions onearth were —high ternperatame, wolcanic
storrns, rechi cing attnosphere containing CH , H, ete. In 1963, 5.1 Miller,
an Amrerican scientist created similar coficitions i a laboratory scale
[Figure 7.1]. He created electric discharnge in a closed flask containing
CH, H, MH_ atd water vapaur at S000C. He observed fomnation of arrisn
adds. In similar experimrents others observed, formation of sugars,
nitrogen bass, pigment and fats Analysis of oetedrite ontent also
revealed simdlar compounds indicating that sindlar processes are
occurming elsewhers in space. With this lindted ewvidence, the first part of
the ootyjectured Aoy, ie., chermcal ewolutioh was more of less acceptec.
Wi have noidea about hiow the first seIf replicating met abolic capsule
of life ams=. The first non-cellular fiorms of life oould hate originated
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Ligiahd vrater 33 toap

Figure 7.1 Disgrammatic repressntation of Millers
experirnent

3 billicty pears back. They would hase beet gant roolecules [FHA, Proteit,
Folyzaccharicdes, etc.]. These capsules reprocha cedd their roolecules pethaps.
The first cellular form of life did not possibly origitnate till about 2000
rillioh years ago. These were probably singde-cells Al life formns were it
water envimohirent only. This version of 2 biogene sis, ie., the first formof
life arose slowly thooygh evolutionary foree s o not-livng olecule s is
acepted by majority. Howeser, once formed, how the first cellular formns
af life could have evolved into the complex bioditersity of today is the
fascitating story that will be i sois sec below.

7.2 Bvornmon or Lirs Fomms — A Trueony

Corventional religiois literature t2lls ws about the theory of special
creaticty. This theory has thiee cotitotation s, Cne, that all livitg orgd s sins
[species or typpes] that we e, today were created as such. Two, that the
civer sty was always the samre sitce creation and will be the sanein futume
alzo. Three, that earth iz about 4000 jears old, All thess ideas were
strondly challenged during the nineteenth entury Based on observaticns
madle during a sea wpage in a sail ship called H .S, Beagle round the
world, Charles Darwin concluded that existing living forms share
sirrilarities 1o wariing degrees not only amon g themeselves but alsowith
life formns that existed millions of years ago. Many swch life forms donot
exist any more. There had been eatinctions of different life forms in the
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ears gote by just as new forms oflifs amee at different periods of history
of earth. There has been graciial evolution of life fofmns. Any popilation
hasbuilt in wariation in characteristic s, Those characteristics which etable
somre bo sunise better it natural cotckitioh s [clitnate, food, physical factors,
etc.] would cutbreed others that are less-endowed Lo survise under such
tiatural conditions. Ancther word wsed is fithess of the indiviciial or
popalation. The fitness, according to Darwin, refers ultimatel y and only
toreprociiclive fithe sz, Hetce, thoss who ame better fitin ah enwvimtiment,
leave rmore pmogeny than others. These, therefore, will surdve more anc
hetice ame selected by nature. He called it natural sslection andiroplied it
as a mechanism of ewolution. Let us al so morember that Alfred Wallace, a
taturalist who worked in Malay Archepelago had als0 cofne 1o siflar
oot clisions amiind the same time. In due course of tine, apparently
tiew tipes of ordati sins are frecogdnizable. Allthe existitglife forms share
sitnilaritie s and share comron ance stors. However, the ss ance stors were
present at different periods in the history of earth [gpochs, periods and
eras]. The geclogical history of earth closely cormelates with the biolog cal
history of earth. A cofnfroh permmissible coticli son is that earth is wery
old, not thousand of jears as was thought sarlier but billions of
years old.

ToH Woer g T FVITENCES FOR WOl I mon'y

Exidernce that esolution of life forms has indeed taleen place on earth has
cofre frofn many quarters. Fossls ame remmaited of hamd part s of Life-formns
found inrock s Bocks fommn seditrent s and a ross-section of earth's orust
indicates the arrangerent of sedifments one over the other during the
long history of earth. Different-aged rock secliment s contain ossils of
different life-forms who probably died during the formation of the
particular seciment. Some of them appear smilar to modern onfanisms
[Figure 7. 4. They represent extitict orgat sms feg,  Dinosaurs). & study
of fos =il 5 in different sedirmentary lajers indicates the geological periocin
which they existed. The study showed that life-formns waried owver timne
atudl certain life formns are e stricted to certain geologcal titre -spans. Hence,
tiew formns of life have arisen at different tire s in the history of earth. A1
this is called palectitological evidetice. Do o refietnber hoto fhoe ages af
the Jossils are coloddied?y Do go recollect the frethod of naoiogolice-
dating and the prinapies behind the procedure?

Comparative anatomy and morphology shows simdarities and
cifferences amotyd orgatizms of today and those that exizted pears ago.
Such simmilarities can be interpreted to understand whether cofmmon
atcestors were shared orf hot. For example whales, bats, Cheetah and
harman (a1l marornals) share sirmdlartie sin the pattern of bones of forelimb s
[Figume T.30). Though these foelimnb s pedomm different futnction s in these
animal s, they have similar anatommcal structure — all of them hawe

1
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Figure 7.2 A family tree of dinosaurs and their living modern day counterpart organisms lile

crocodiles ard birds

humeras, radins, ulna, carpals, metacarpals and phalanges in their
forelitnb s, Hetiee, it these animals, the same structume developed alohg
different directions cdue toadaptions to different needs. This iz divergent
ewluilon and these structures are homologous. Homology indicates
corrmnot ancestry.  Other exanples are werfebrate hearts or brains In
platits also, the thorn and tendrils of Soeuganedle a and Cucr B
represent honology [Figure 7.3a). Homology is bazed oh diverget
evolution wherea s analogy mfers toa sitnation exactly opposite. Witgs of
buatterfly and of bircds look alike. They are not anatombcally snmlar
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stractures thowgh they pedform sodlar
functions. Hence, analogois stractumes
are a result of convergent evolutlon -
clifferent striictures esolving for the same
function and hence having similarity.
Cther example s of atnalogy am the eje of
the octopus and of mammals or the
fippers of Penguin s and Dolphins, One
cat say thatitis the sitmlarhabitat that
has resulted in selection of simmilar
aclaptive features in different groups of
ongatiisrns bt toward the same function:
Sweet potato [foot modification] and
potato [stem modification] is ancother
exatrple for analogy.

In the same line of argument,
similarities in proteins and genes
performing a given function among
civerse organisms give clues o common
ancestry. Thess biochermical sirmilarities
poitit to the zamre shared ancestry as
strctural simdlarities among diverse
O A S

Ilan has bred selected plants and
atirnals for agricidtume, horticdture, sport
or security. Man has dorme sti cated mang
wild animmals and cops. This intensive
breeding programme has created breeds
that differ from other breeds (8.4, dogs)
brat still are of the sarme grouap. Itis angiecd
that if within hincred of (ears, foat colcl
create new breeds, could not natume have

dotie the same over millicns of pears? (k]
fmother interesting observation  pig.e 7.3 Example of homaologous organs in
supportityg evolution by natural selection (2] Flants and (bl Animels

comes fom England. In a collection of

moths foade in 128505, ie., before industrialisation setit, it was obsered

that there were more white-winged moths on trees than dadc-winged or

rrelati sed moth s, However, it the aollection carried out from the same 131
area, but after industrializsation, ie., in 1920, there were more darlc-winget]
moths in the same area, 1e., the proportion was reversed.

The explanation put forth for thi s observation was that ‘precators will
spot a moth against a contrasting background'. During post-
industrialisation period, the tree trunks became dark due toinduastrial
smicke and soots. Under this condition the white -win ged maoth did not

1
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(a)

Figure 7.4 Figure showing white - winged moth and dark - winged moth (melanised)
on a tree trunk fa) In unpolluted area (b} In polluted area

survive due to predators, dark-winged or melanised moth survived. Before
industrialisation set in, thick growth of almost white-coloured lichen
covered the trees - in that background the white winged moth survived
but the dark-coloured moth were picked out by predators. Do you know
that lichens can be used as industrial pollution indicators? They will
not grow in areas that are polluted. Hence, moths that were able
to camouflage themselves, i.e., hide in the background, survived
(Figure 7.4). This understanding is supported by the fact that in areas
where industrialisation did not occur e.g., in rural areas, the count of
melanic moths was low. This showed that in a mixed population, those
that can better-adapt, survive and increase in population size. Remember
that no variant is completely wiped out.

Similarly, excess use of herbicides, pesticides, etc., has only resulted
in selection of resistant varieties in a much lesser time scale. This is also
true for microbes against which we employ antibiotics or drugs against
eukaryotic organisms/cell. Hence, resistant organisms/cells are appearing
in a time scale of months or years and not centuries. These are examples
of evolution by anthropogenic action. This also tells us that evolution is
not a direct process in the sense of determinism. It is a stochastic process
based on chance events in nature and chance mutation in the organisms.

T8 Waar 1 ARArTive BapiATioNT?

During his journey Darwin went to Galapagos Islands. There he chserved
an amazing diversity of creatures. Of particular interest, small black birds
later called Darwin’s Finches amazed him. He realised that there were many
varieties of finches in the same island. All the varieties, he conjectured,
evolved on the island itself. From the original seed-eating features, many
other forms with altered bealts arose, enabling themto become insectivorous
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Figur 7.5 Varisty of beales of finches that Darwin found in Gelapagos Island

and vegetarian finches (Figame 7.5]. This process of evolution of different
species in A given geographical area starting from a point and Litecally
racliatityg toother amreasof geography habitats) iz callec adapiive radiation.
Darwin's finches represnt one of the bestexamples of this phenomenor.
Another example is Australian maersapials A number o marsupials, each
clifferenit frorn the other Figure 7 6] evolved] fmomman ance stral stoclk, but all
within the Australian island oontinent. When more than one adaptive
raciation appeared to have ocoimed in an isclated geographical area
[represetiting different habitats], ohe can call this convergdent esolutic.

Figure 7.6 Adaptive radiation of marsupials of Australia

1
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Figure 7.7 Picture showing convergent evolution
of Australian Marsupials and

placental mammals

BIOLOGY

Placental mammals in Australia also exhibit
adaptive radiation in evolving into varieties of
such placental mammals each of which appears
to be ‘similar’ to a corresponding marsupial
(e.g.. Placental wolf and Tasmanian wolf-
marsupial). (Figure 7.7).

7.5 Biovosicar EvoLorion

Evolution by natural selection, in a true sense
would have started when cellular forms of life
with differences in metabolic capability
originated on earth.

The essence of Darwinian theory about
evolution is natural selection. The rate of
appearance of new forms is linked to the life
cycle or the life span. Microbes that divide fast
have the ahility to multiply and become millions
of individuals within hours. A colony of bacteria
(say A) growing on a given medium has built-
in variation in terms of ability to utilise a feed
component. A change in the medium
composition would bring out only that part of
the population (say B) that can survive under
the new conditions. In due course of time this
variant population outgrows the others and
appears as new species. This would happen
within days. For the same thing tohappenin a
fish or fowl would take million of years as life
spans of these animals are in years. Here we
say that fitness of B is better than that of Aunder
the new conditions. Nature selects for fitness.
One must remember that the so-called fitness
is based on characteristics which are inherited.
Henice, there must be a genetic basis for getting

selected and to evolve. Another way of saying the same thing is that some
organisins are better adapted to survive in an otherwise hostile environinent.

Adaptive ability isinherited. It has a genetic basis. Fitness is the end result
of the ability to adapt and get selected by nature.
Branching descent and natural selection are the two key concepts

of Darwinian Theory of Evolution (Figures 7.7 and 7.8).
Even before Darwin, a French naturalist Lamarck had said that

evolution of life forins had occurred but driven by use and disuse of
organs. He gave the examples of Giraffes who in an attempt to forage
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leaves on tall trees had o adapt by elongation of their necks As they
paszed on this acquired character of elohgated neck Lo succesding
geheratiohs, Giraffes, slowly, over the years, cafne 10 acquire lohg necks.
Mobody believe s this cotyecture any more.

Is evolution & process of the result of a process? The world we see.
inanimnate atd atimmate, is only the success stories of evoluttion. When we
cescribe the story of this world we describe esvclution as aprocess. On the
other hand when we describe the story of life on earth, we treat esolution
as 4 cofizequence of a process called natural selection. We are still not
wery clear whether to egard evolution and natural sslectich as processes
ar end msult of unlnown processes.

It is possible that the work of Thomas Lalthus ot popudations
influetized Darwwitl, Matural selection is based of cerfait observations
which are factual. For example, natural meeoarees ane linrited, popualations
ame stable in size except for seasonal fluctuaticn, nembers of & population
waryin characteristics [infact no two individuals are alike] even though
they look superficially sitnilar, most of variation s are inherited ete. The
fact that theoreti cally popalation size will grow expotiettialliif esverybocy
reprociiced masmally jthiz fact can be seen in a growing bacterial
popudation] and the fact that popualation sizes in reality are linmted, means
that there had been competition for msources. Cnly some survived and
grew at the cost of others that could not dourish. The noselty and brilliant
ingght of Darwin wasthis he asserted that wariations, which ame heritable
atd which make esource utilisation better for few [adapted to habitat
better] will enable only thiose toreprocit o2 ancd lease more progeny. Henoe
for a period of time, Oover many generaticns, survivors will leave nore
progeny and there would be a change in population characteristic and
hetize new forms appear toanse.

7.6 Mucoswrsn 017 FanornTien

Wihatis the oigin of this wariation and how does spedation occur? Esen
thoagh Mendel had talked of inheritable factors' influen dng phenatype,
Darwin either ignored the s observations or lept slence. In the first decack
of twentiesth century, Huygh deilies bassdon his work on evening pritnross
brought forth the idea of noutations —large difference arising sucddenlyin
a popilatioty. He beliewved that if iz ooatation which catuses ewoluticn and
ot the fritor wariations [heritable] that Darwin talled about, Miutatict s
are randorn and directionle s s while Darwinian variations are small and
directional. Esolution for Darwin was gradual while deifnies believed
rrtation catsed spedation and hetice called it salation (singe step
large rmatation). Studies in population genetics, later, brought ot
soMnE clarity.

-



__,-") ElOLOGY

7.7 Haapr-Wemmers PROIVCIPIR

Inn a @ven population one can find out the fequency of ocourence of
alleles of a gene or aloois. This frequency is supposed to rernain fimed
and evet refrait the same thooigh getierations . Hancy-"Weittberg pritciple
stated it using algebraic equation s.

Thiz principle says that allele frequencies in a population are stable
andis conistant foomm generation to getieration. The gene podl [total genes
atd their alleles it 2 popidation) refradt s a constant. This is called genetic
equilibrivmm. Sum total of all the allelic fequencies is 1. Indivicual

4 Prak gote bighec

amd oeoower

Figure 7.8 Disgramrnatic representation of the operation of natural selection on different
traits : (a) Stabilising (b Directionsl and (o] Disnaptive
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frequerncies, for exaniple, can be naned p, q, ete. In adiploid, p and g
mpresett the frequency of allele A and allele a. The frequency of A4
itdivichial s it a poplalatioh iz simoply p2. This is sSmply statedin another
ways, i.e., the probability that an allele A with a frequenciof p appear on
both the chromosomes of a diploid indivicdhaal is simply the prodact
of the pmobabilities, ie, p* Simdarly of 22 is 9% of 4a 2pg. Hence,
P+2pg +g®=1. This is 2 binomial expansion of [p+g)®. When frequency
rreasured, differs fromeape cted value s, the difference [direction) indicate s
the eastenit of evoluticnary change. Disturbanoe in geteti ¢ e uilibritm, or
Harcly- "Weitberg equilibrium, i.e., change of fequeticy of alleles in a
popralation would then be interpreted as msulting in evolution.

Five factors am knowh to affect Hardy-Weinberg equilibrium These
are genie migration of gene flow, genetic drift, mutation, genetic
mecommbination and natural slection. When oigration of a section of
populations to ancther place and popudation ocours, gene frequencies
chatyge it the origital as well as in the new population. Mew gehies fallele s
ame acced to the new popialation and these am lost fromn the old poprdation.
There would be a gene fow if this gene migration, happens ooadtiple tirne s,
If the same changde ocoirs by chance, it is called genetic drift. Bometine s
the change in allele frequencyis 0 different in the new satple of population
that they becorme a different species. The original drifted popualation
b comre & founders anc the effect is called founder effect .

Mlicrobial experiments show that pre-existing advantageous
rratation s when selected will result in observation of new phenotipes.
Croer few generation s, this woudd resultin Speciation. Hatural selection is
apmoeess it which hetitable vafations enabling better sunsval am etabled
to reproduce and lease greater number of progeny. A critical analysis
makes s beliewve that variation duoe o mutation or variation cue to
mecormbination curing Jarmet ofeniesis, of due to gene low o genetic drift
msults in changed frequency of genes and alleles in future generation.
Conpled to enhan oe reprochactive success, natural sslection malees it 1ook
like different popalatict. Matural selection can lead to stabiisatich it
which more incdivichials acquire mean character valug), cirectional charnge
[rore indiviciials acquire walue other than the mean character valug] or
chi sruptiod [more individuals acquire peripheral character walue at both
etcls of the distribution carve] [Figare 7.8).

TR A Bamr Accotnt oF Bvooomion

Abhoagt 2000 fodllion years ago [fgea) the first cellular formns of life appeared
o garth. The mechanizm of how non-cellular agdregates of giant
rmacrorolecule s could evole into cells with ernbrano s envelop is oot
ko, 2orne of these cells had the ability to releaze O The reactios

137
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Figure 7.9 & shketch of the evolution of plant forms through geologicel periods

cotld have been simdlar 1o the light reaction in photosynthesis where
wateris split with the help of solarenergy captured and channelised by
appropriate light harsesting pigment s, Slowly single-celled orgdanisms
becarme rodti-cellular life forms, By the time of 500 niya, insertebrates
wers formed and active. Jawles s fish probably evolved anoutc 360 moya.
Sea weecls anc few plants exizted probably amand 320 mpa. We are told
that the first organisms that invaded land were plants They wers
wiclespreac ot latd when atitnals invaded land Fish with stoatand stroeg
fins conald o on land and go back to water. This was about 350 moya.
In 1932, afish caught in South Africa happened tobe a Coslacanth which
was thought tobe extinict. These ahimal s called lobefins evwolved itito the
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Cretaceous

Jurassic

Carboniferous

Figure 7.10 Representative evolutionary history of vertebrates through geological period

first amphiblans that Hved on both land and water. There are no specimens
of these left with us. However, these were ancestors of modern day frogs

100

150

350

Early reptiles
(extinet)

and salamanders. The amphiblans evolved into reptiles. They lay thick-
shelled eggs which do not dry up in sun unlike those of amphiblans.
Again we only see thelr modern day descendents, the turtles, tortolses
and crocodiles. In the next 200 milllons years or so, reptiles of different
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shapes and sizes dominated on earth. Giant ferns [ptedcdophites) were
present tut they all f2]1 to form coal deposits slowly, Some of these land
meptiles went back itto water toeswolve into fish like reptiles probably 200
rpa e g Ichihgoesaurd . The land reptiles were, of course, the ditiosalirs.
The biggest of thern, ie.. Tyrannoesaurs resxwa s about 20 feet in height
and had huge fearsome dagder like teeth . About 65 mipa, the dinosaurs
sudcenly di sappeared fmom the earth. Wi do oot nomw the trae rea soh.
Bome saf climatic chatges Killed thern Somre say nost of them evwolved
into birds. The truth majylive in between. Small sived reptiles of that era
still exrist toclay.

The first manmmel s were like shrews. Their fossils are small sized.
Marninals were WMwparois and protected their unbor foung insicde the
rrother's body. LMarnmmal s were ok intelligent it sshsing ancd avwoicitg
danger atleast. When reptiles came down manrmals took over this earth.
There were it South Arrerica manmals resernbling horse, hippopotanmas,
bear, rabbit, ete. Duie to continental drift, when Soiath Anrerica joined
MNorth Afrerica, the s anifnals were overticden by MNorth Arrerican fauna,
Crie o the same continental drift pouched marrmnels of Australia surdvec]
becauss of lack of conpetition from any other manrnal.

Lest we fordet, some manmals live whiollyin water, Whale s, dolphitis,
s2als andl sa 00w s are sorne exarnples. Evolution of horse, elephant, dog,
gte., are special stories of evolition. To will lears about the se it hi gher
classe s The most suceessiul storyis the evolution of man with langua ge
alill 5 ard s=1f- oo SeitAENe 55

A rogh sketeh of the etolition of life forrns, their titnes oh 2 geclogical
soale am incdicated it [Figure 7.9 and 7.10).

T8 {maem avn Buwormrron oF Naw

aboigt 16 s, primates called Drygepidthecus and Ramapifhecis were
existingd. They were hairy and walked like gorilas and chimpangess.
Rarmapithects was more man-like while Drygopithecus was more
ape-lile. Few fossils of man-lilke bone s have been o seovered in Edhiopia
and Tanzania [Fifure 7. 11]. These revealed homitiid feature s leading to
the belief that about 5-4 s, man-like primates walkedin eastem Africa.
They were probablynot taller than 4 feet but wallked up right. Two mja,
Avstralopithecnes probably lived in East African grasslands Evidence
ghiows they hanted with stohe weapohiz but eszentially ate fruit. Some of
the bote s anotyg the boties di scovered were different. This creature was
called the first hnarman lilke being the horminid anc was called Hormo huabilis,
The brain capacities were betwesn 650-800cc. They probably did not eat
rreat. Fossilsdisoowemd in Java it 1591 miwealed the nest stagde, ie., Horo
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Figure 7.11 4 comparison of the skulls of adult modern humean being, baby chimpanese and
adult chimpanses. The skhwall of beby chimpenses is more like adult amen sloadl
than adult chimpanmee sloall

erectus abouat 1.6 mya. Horw ereciis had a large brain aroand So00cc.

Horme ereciues probably ate meat. The Meanderthal manwith a brain sioe

of 1400ee lived in near east and cettral Azia betwesn 1,00 00020 000

years back. Theyusedhides toprotect their body and buried their dead _
Horma sapiens afoss it Africa and moved acios s cottinets ancd developed 141
into distinet races. During ice age between 75 O00-10.000 years ago
moderts Hofme sapiens arose. Fre-historic cave art dewloped about
18,000 ymars ago. Agriculture came around 10,000 jears back and
hurman settlerrents started. The rest of what happenedis part of hidman
history of goowth and decline of dylisation s,

1
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SUMMARY

The origin of life on earth can be understood only against the
background of ongin of universe especially sarth. Most scientists
believe chemical ewlution, ie, formation of biomolecules preceded
the appearance of the first callular forms of life. The subsequent svents
as to what happered to the first form of life i= 2 conjectured story
based on Darwinian idess of organic evolution by natural sslection.
Diversity of life forms on earth hes been changing over millions of
pears. It iz gererally belisved that variations in a popalation result in
wariable fitress. Other phenomens like habitat fragmentation and
geretic drift may accentaate these wanations leading to appearance
of new species and hence ewlution. Homeology is accouted for by the
idea of braxching descent. Study of comparative anatomny, fossils and
comparative biochemistry provides evidence for ewolution. Aot the
stories of ewolution of mdividual species, the story of ewolution of
modern man is most nteresting and appears to parallsl evolution of
hurnan brain and languages.

.........................................................................................................................................................................................

EXERCIES

1. Explain antibtiotic resistance observed in bacteria in light of Darwinizn
salection theory.

2. Fird ot from rewspepers and popular science articles sy netw fossil
dizcoveries or controversies about evoluton.

3. Attempt giving 2 clesr definition of the termn species.

4. Try to trace the wenous comporents of human evolution (hint: brain
size and function, shelstal struachare, distary preference, eto]

5. Fird out through interret ard popular soience articles whether animals
other than man has selfconscdonsness.

G. List 12 moderrrday snimals and wusing the intemet resounces link it o
a correspotiding sticient fossil. Waone both.

Fractise drasing warious animals srd plants.
Describe orne example of adaptive radiation.
9. Can we call nmnen ewobdion 2= adaptive radistion?

1o, Using variowEs resources such &= por school Library or the internet
and discussions with pour teacher, trace the ewlationary stages of
any one animal sap horse.

o -




BIOLOGY IN HUMAN WELFARE

Chapters Biclogy B the youngest of the formalise d di ciplines of natural
Hurman Health and Disecse sciancea. Progress in physics and chemistry proceeded much

faster than in Biclogy. Applications of physics and chamistry in
Chapter? our daily ife ako have ahighervisioility than those of biclogy.
Strategies for Enhancementin Howewer, bwrentieth century and certainly twenty-first century
Food Production has demonstrated the utility of biclogical knowledge in

furthernng human welfare, be it in health sector or agrculture,
The discovery of anfibictics, and synthetic plant-derved drugs,
andgesthetics have changed medical practice on one hand
and hurman health on the other hand. Life expectancy of
human beings have dramaticaly changed owver the vears,
Agricultural practices, food processing and diagnostics have
broughtsocic-cultural changes in human communities. These
are briefly described in the following three chapters of this unit.

Chapterid
W icrobes in Hurman Welfare

-




Bornin August 1925 in KumbakonaminTamil Madu, Monkambu Sambasivan
Swaminathan did he graduation and post-graduation in Botany from
W adras University, He worked in different capacities in large number of
irnstitutions in India and abroad and developed hi expertise in genetics
and plant breeding.

The Schoal of Cytogenetics and Radiation Research established at the
Indign Agricultural Research Institute [IARI) enabled Swaminathan and his
tearm to develop shor- duration highevislding varie fies of ice including scente d
Basmati. He is also known for the dewvelopment of the concept of crop
cafeteria, crop schaduling and geneticall improving the yvield and quality.

swaminathan initiated collaboration with Morman Borlavg, which
culminated in the ‘Green Revolution® through introduction of Mexican
varieties of wheaatin Indic. This was highly recognised and appreciated  He
iz alzo the initiator of ‘Lab-to-Land’, food security and several other
environmental programmes. He has been honoured with Podma Bhushan
and several other prestigious awards, medals and fellowships by institutions
of excellence.

Ml 25 o S Wl AT HA H
[1925]




CHAPFTER 8

HUMAN HEALTH AND DISEASE

21 CommnanMseas e in

Humnans
g2 7 ity Health, for a long tifre, was cotsidered as a state of body
ancl mmind where there was a balance of certain hurors™
83 A= This is what early Greeks lilke Hippoorates as well as
54 Canoer Incian Ayurveda system of medicine asserted. It was
thouwght that persotis with blackbile® belonged to hot
85 Drugs and Alechd dbuse personality and would have fevers. This idea was amived

at by pure reflective thought. The discovery of blood
circudation by WilliamHHaned using experinmental methocd
and the demonstration of nomal body temperature in
persons with blackbile using thermmometer o sprovecd the
“good hurmor” hypothesis of health. Inlater years, biology
stated that mind influence s, thooygh neural systern anc
enclocringe system, our imune spstem and that our
irrme #Pstem mwintain s our health. Henee, mind atd
mental state can affect our health, Of course, health is
affected by —

[l genetic disomlers —deficiencies with which a child is
bort and deficiencie s /defects which the child inherits
from parett s from birth;

i) itfectictiz atd

[iii] life style including food and water we take, rest and
exercize We give toour bodie s, habits that we have or
lackete.
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The term health is wery frequently used by everybody. Howr do e
define if? Health does niot simply mean “absence of ol sea 2" or ‘physical
fithess™. It could be defined a5 a state of cornplete physical. mental and
social well-being. When pecple are healthy, they are more efficient at
wiorle. This increasss productivity and brings econonic piosperity. Health
alzo inreases longewity of people and recuces itfant ancd maternal
mortality.

Bulanceddiet, personal hygiene and efular eereise are Very mportatt
to maintait good health. Toga has been practised sitice Hire inoennorial
to achiewe physical and mental health, Awareness about dissazes and
their effect on different bodily functions, vacdnation [omoinisation)
against infectioits diseases, proper di zposal of wastes, contml of vectors
and maittenatce of higetic food atnd water resources are necessary for
achieving good health.

Whet the futictioning of one of more organs o systems of the bodyis
aclwversely affected, characteri sd by various signs and sprophomms, we say
thiat we are not healthy. ie., we have a disease. Diseases cat be broadly
groupec into Infectlons and non-infectious. Dis=azes which are easiy
tran smnitted fnom one person to another, are called nfections diseases.
Infections dizeases ame Very oot and every ohe of Ws suffers ffofn
these at sometimme or other. Somre of the infection s di seases like AIDS are
fatal. Arnong non -infectioiis dizea s, cancer is the major cause of death.
Drug and aleohol abitse also affect our health advwersely.

H. P Convpeom Ihasases m Honans

& wide range of ofganizms belonging to bacteria, wiruses, fung,
priotozcan s, helminths, ete., could cause diseases in man. Suchdizease-
callEng organisms are called pathogens. All parazites are therefore
pathoden s as they caus harm to the host by living in [0 on) thern The
pathogen s cat ettter oUr body by wanious: means, omltbiply andinterfere
with normal wital activities, resulting in morphological and functional
darmage. Fathogens hawe toadapt tolife within the environment of the
host. For example, the pathogens that enter the gut st lonow a wag of
surwiving i the stomach at low pH and rezisting the various dige stive
enrymes. & few representative members from different groaps of
pathogenic onganiszms are dizcussed here alongwith the diseases caused
by thern Preventive and control measwe s against these diseasss in general,
am also briefly describec.

Salrmonelld iy phl is a pathodenic bacterium which causes typhold
fever in hurman beings. The s pathogdens generally enter the smell intestine
thmugh food and water contaminated with them and mograte toother
organ s through blood Sustained high fever [(39° to 40°C), wealiness,
stornach pain, constipation, headache and loss of appetite are some of
the commmon sfmpioms of this diseass. Intestinal perforation and death
may occul in sewere cases. Typhoid fever could be confirmed by
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Widal test. 2 claszsic case in medicdne, that of ary Mallon nicknamed
Ty prueid Mary, is worth mentiching here. She was a cook by profession
atd was a typhoid carrier who continued to spread typhoid for sewveral
years throigh the food she preparecl.

Bacteria like Sireplococciis pnetrronias anc S aemephoius mnfitens s
are respotizible for the dizzaze pneumonda it huran s which infect s the
alveoli [air filled sacs of the lungs As a result of the infection, the alweoli
gt fllec with fluid leading to severe problems it espiratict. The spoophons
of prieurnonia inchace feser, chills, cough and headache. In ssvere cases,
the lips and finger hails may turh gray 1o bluish in oolour. A healthy
persot ac]uire s the infection by inhaling the droplets/ asrosol 5 releassd
by at infected persoh of even by sharing glasses and wtensls with an
infected person. Dysetitery, plague, diphtheria, ete., ae some of theother
bacterial diseaszes it .

Ilatiy Wruses also cause diseda s s in human beings. Fhitno vinisss
mepresetit one such group of wind s whidch causeote of the most infe cticiis
hurman ailtrent s — the common cold. Theyitfect the nose and mespiratory
passage bt not the lungs. The coomnon cold is characterized by nazal
conigestion and discharg, sore throat, hoarsness, cough, headache,
tirechiess, ete., which wsually last for 3-F days. Droplets resulting fiomm
coiagh of sneeres of an infected person are either inhaled directly or
transrmitted through contarmmnated objects such as pens, books, oups,
coorltiobs, compliter Keyboard or moitse, ete., ahcd canse infectioh it a
healthy persot.

gorre of the hiuman dissases ame cadsed by profoeoens too, Tou night
hawve heard about malaria, o disease man has besn fighting since mmangy
1ears. Masmodivin, atitny protogoat is espotnsble for thisdiseass. Different
gpecies of Masmediut [Fo eed, Foomalana and P falopamons) are
EsponEble fordifferent trpe s of maelara, Cfthese, malignant malara cased
by Flastnodie faloparss is the most serioil s ane and can even be fatal,

Let us take a glance at the life cpcle of Plasmodicm [Bigume 8.1).
Flastodivn enters the human body as sporosoites [(infections form
throgh the bite of infected female Anophees mosquito. The parasites
ituiti ally ornaltiply within the liver cells and then attack the red blood cells
[FECs resulting in their raptitre. The rupture of RBECs is assodated with
mlease of atoeic substanice, haermoeoit, which iz responsible for the chill
atudl high fever recurning every thies tofour dags. Whet a femmale Anopheeles
rmozquito bites an infected person, these parasites enter the mosquito's
oy atd whdergo further detwelopment. The parasites ooaltiply within
them to form sporofoites that are stored in their salivary glancs. When
these mos]uitce s bite ahuman, the spomeoites are intmodued intohi s/
her bocly, thereby initiating the etvents mentiohed abowe. iz interesting
to note that the melarial paraszte requires two hosts — huaman and
rmosquitoe s — o cofrmplete its life cycle [Figare 8. 1); the female Anopheles
rosquitois the vector [tran smitting agent] too.

-



PerRadine
d Haod oolls

Figure 8.1 3tages in the life opole of Flasmodiom

Entoiee ba histoly tiedis 2 protofoa parasite in the large intestine of
human which causes amoeblasis amoeble dysentery). Symoptoms of
this disgase include cohstipation, abdoninal pain and cramps, stools
with earcess ol s and blood clots. Howseflies act as mechanical carmiers
and serve to transot the parasite fom fasces of infe cted person to food
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and food products, thereby contaminating them.
Drnking water and food contaminated by the faecal
matter are the main source of infectlon.

Ascaris, the common round worm and Wuchereria,
the fllarial worm, are some of the helminths which are
known to be pathogenic to man. Ascaris, an intestinal
parasite causes ascariasis. Symptoms of these disease
Include internal bleeding, inuscular pain, fever, anemnia
and blockage of the Intestinal passage. The eggs of the
parasite are excreted along with the faeces of infected
persons which contaminate soil, water, plants, etc. A
healthy person acquires this infection through
contaminated water, vegetables, frults, etc.

Wuchereria (W, bancroftiand W. malayi). the fllarial
worms cause a slowly developing chronic inflammation
of the organs in which they live for many years. usually
the lymphatic vessels of the lower imbs and the disease
1s called elephantiasis or filariasis (Figure 8.2). The
genital organs are also often aftected, resulting in gross
deformities. The pathogens are transmitted to a healthy
person through the bite by the female mosquito vectors.

Many fungl belonging to the genera Microsporum,
Trichophyton and Epidermophyton are
responsible for ringworms which 1s one of
the most common infectious diseases iIn man.
Appearance of dry. scaly leslons on various
parts of the body such as skin, nails and
scalp (Flgure 8.3) are the main symptoms of
the disease. These lesions are accompanied
by intense itching. Heat and moisture help
these fungl to grow, which makes them thrive
in skin folds such as those in the groin or
between the toes. Ringworms are generally
acquired from soll or by using towels, clothes
or even the comb of infected individuals.

Figure 8.2 Diagram showing
inflamation in one of

the lower limbs due
to elephantiasis

Figure 8.8 Diagram showing ringworm

affected area of the skin

Maintenance of personal and public hygiene 1s very important for
prevention and control of inany infectious diseases. Measures for personal

hyglene Include keeping the body clean; consumption of clean drinking
water, food, vegetables, frults, etc. Public hygiene includes proper disposal
of waste and excreta; perlodic deaning and disinfection of water reservolirs,
pools, cesspools and tanks and observing standard practices of hyglene

in public catering. These measures are particularly essential where the
Infectious agents are transmitted through food and water such as typhoid,
amoeblasis and ascarlasls. In cases of alr-borne discases such as
prieurnonia and common cold, in addition to the above measures, close
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cotitact with the infected persons or their belongings shoald be avoided.
For dizeases sich as melaria and filariazis that are transootted throagh
insectvectors, the most irnportant mea sure is to control or eliminate the
vectors and their breeding places. Thiz can be achiewed by avwoiclitg
stagnation of water in and around esidential areas, regular cleaning of
hotzehold coolers, se of mosquitonets, introchicing fshes lile G
in poncls that feed on mos] uito larvae, spraging of in s cticides inditches,
draitiafe area s and swarmps, et In acddition, doors and window s should
be pmovided with wire mesh to prevent the entry of mosquitoes. Such
precautions hatwe beoome all the more irnportant especiallyin the light of
recent widespread incidences of the wotor-borne [Aedes mosguitoss)
dissaszes like denfie and chiltutfunia it maty pacts of India.

The advancements made in biologeal science havwe amned ws 1o
effectively deal with many infectiois diseases. The use of vaccites and
imtrmanization progranmres have enabled us to completely eraclicate a
deacly disease like soallpos. A large nurmnber of other infection s dissases
like polio, diphtheria, preummonia and tetamis have been controlled to a
large extent by the e of vacdne s Biotechnology [abot which ot will
read more in Chapter 12]is at the verge of makin g available newer ancd
safer vaccites. Discovwery of antibiotics and warious other drags has also
enabled s toeffectiely teat infection s dissazes.

B 2 Iswwomrry

Everjday we are exposed tolarg number of infectioi s agents. However,
otuly & few of the se exposure s result in disase. Why? Thisisduoe tothe
fact that the body is able todefend itss1f fiom oost of these forei gh agents.
Thiz overall ability of the host to fght the disase-causing offatisms,
cotiferred by the immune systemis called immunity.

Irrrianity is of two typpes (i Inhate infoanity and [§@)] Acquirec
i ity

8.2.1 [nnaie Ininmnd iy

Inhate infanity is non-specdfic tpe of defence, that is present at the
tirne of birth. This iz accomplished by prosicing cifferent types of barners
to the etitry of the foreigh agents intoour body. nate inmmity oo s st
of four type s of barmiers. Thess are —

[i] Physical barriers @ Skit of our body is the main barnier which
prevents entry of the micro-organizms. Mucus ooating of the
epithelitm lining the mspiratory, dastrointestinal and umgenital
tracts also help in trapping i crobe s entering our bocy.

[ii] Physiological barriers : Acid in the stomach, zaliva in the outh,
tears inomeies —all prevent i crobial growth,

(iil] Cellular barriers : Certain types of leukocytes WEBC) of cur bocy
like polymorpho-nuclear leukocytes [FPRIL-neatrophils) and
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monocytes and natural killer (type of lymphocytes) in the blood as
well as macrophages in tissues can phagocytose and destroy
microbes.

lv) Cytokine barriers : Virus-infected cells secrete protelns called
interferons which protect non-infected cells from further viral infection.

£.2.2 Acquived Immunity

Acquired immunity, on the other hand, 1s pathogen specific. It is
characterised by memory. This means that our body when it encounters
a pathogen for the first ime produces a response called primary response
which is of low Intensity. Subsequent encounter with the same pathogen
elicits a highly intensified secondary or anamnestic response. This
1s ascribed to the fact that our body appears to have memory of the
first encounter.
The primary and secondary

Immune responses are carried /
out with the help of two
special types of lymphocytes
present 1in our blood,
1.e., B-lymphocytes and T-
Iymphocytes. The B-lymphocytes
produce an army of protelnsin
response to pathogens into our
blood to fight with them. These
proteins are called antibodies.
The T-cells themselves do not
secrete antibodies but help B
cells produce them. Each
antibody molecule has four
peptide chains, two small called
light chains and two longer
called heavy chains. Hence, an . c

Antigen binding site Antigen binding site

~\

y.

antibody is represented as H, L.
Different types of antibodies are
produced in our body. IgA, IgM, IgE, IgG are some of them. A cartoon of
an antibody s glven in Figure 8.4. Because these antibodies are found in
the blood, the response is also called as humoral immune response.
This1s one of the two types of our acquired immune response — antibody
mediated. The second type 1s called cell-mediated iImmune response or
cell-mediated immunity (CMI). The T-lymphocytes mediate CMI. Very
often, when some human organs like heart, eye, liver, kidney fail to function
satisfactorily, transplatationis the only remedy to enable the patient to
live a normal life. Then a search begins —to find a suiltable donor. Why is
it that the organs cannot be taken from just anyhody? What is it that

Figure 8.4 Structure of an antibody molecule
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the doctors check? Grafts ffom just any soure — an animel, another
prifate, of any hiiman beitgs cattot be made sinee the graft s wonld be
rejected sooner or later. Tissue matching, blood group matching are
gszential before undertalking any graft Aransplant and even after this the
patient ha s totale inmmuno—suppresants all his/her life. The boclyis able
to differentiate ‘zelf * and honself and the cellorediated inmi Ne e spotLse
iz mesponable for the grafft rejection.

2.2.3 Active and Passive Imnimunity

Whet a host is egposed to antigens, which may be it the foro of living
of dead microbe s or other proteins, antibocies are produced in the host
biochy. This type of infriinity is called active immunity. Active iromrity
iz slow and talkes time to give its full effective responss. Injecting the
mcrobes deliberately during imfmanization of itfectios orgatdsms
gaining access into body during natural infection incdace active
irnrranity. When readp-made antibodies are directly given to protect
the bocly again =t foreign agents, it iz called passive Immunity. Do o
knowr ohyy mother's mok o5 considered. oery essential for fhe neoo-
born infand? The jelowish fluid colosirum s=creted by moother charing
the initial dajs of lactation has abundant antibodies [Iga) o protect the
infatit. The fostus also receives some antibodies from their mother,
thmugh the placenta during pregnancy. These ame some exaiaples of
passive ity

&2.2.4 Vaccination and Inmmnnisatdon

The principle of inTnunisaticn of vacodnation is based an the property of
ey of the itnfrine systern. Inwaccitnation, 8 preparation of attigemnic
proteins of pathogen or inactivated/wealened pathogen [waccing] are
introduced into the body. The antibodie s prodhiced in the body against
these antigens woldd neutralise the pathogdenic agents during actieal
infectiofs. The wacdnes also geherate renory —Band T -cells that reeogise
the pathogen quickly on subsequent exposure and overwhelm the
innwacers with a masswe production of antibodies. If a persoh is infected
with some deadly i crobe 5 to which quick irrmune response 15 requirect
as il tetatas, we need to directly inject the preformed antibodies, or
antitoent (4 preparation containing antibodies tothe toain). Even it cases
of snakebites, the itgection which is given tothe patients, contain prefomed
antibodies against the shake wenom. This type of iormanization is called
passive immunisation.

Fecormbinant DA technology has allowed the procuction of antigenic
polypeptides of pathogden it bacteria of jeast. Vaccing s prociiced using
this appmach allow large scale prodilctioh ancd hence greater availability
for imnfrand sation, & g hepatitis Byvaccing produced foom yea st
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%.2.5 Allergies

Dl thi s happen tojou? When fohase gone toa new place and suddenly
o started sneeging, wheesing for no explained reason, anc when o
CAITE away, Four syrmptoms dissappeared? Some of s are sensitive to
some particles i the envirotiiment. The above -menticned maction colcd
b= because of allergy topollen, mites, ete., which am different in different
places.

The exaggerated response of the inmmane systemto certain antigens
present in the environmrent is callecl allergy. The subztances to which
such an ifrrrne e spotss is procduced ae called allergens. The antibodie s
produced to these are of IGE type. Conmoh examples of allergdens are
rrite s in dust, pollens, animal dander, ete. Spooptors of allergic reactions
incluce sneesing, watery ejes, ranning nose and difficulty in breathing.
Allergy is due to the release of chermmcals like histamine and semtotin
fromm the mast cells. For determining the caus of allergy, the patient is
exposer to or inje cted with very small doses of possible alleqgens, and the
meactions studied. The 1z of drugs like anti-histamine, acrernalin and
stercids quickly reciice the spmptonms of allergy. Sormehow, modern-day
life ztyle has resulted in loweritng of inmmihity anc more sensitivty o
allergens — rmore and foore children in fetro cities of India suffer fiom
allergies atd asthina diue to sen sEtivty o the envimotment . Thi s could be
b= cause of the protected environment prowvided eadyin lifs.

R.2.6 Anto Inanmonity

Miernory-based acquired irmmmihity evolved in higher vertebrate s bazed
oty the ability todifferetitiate oreign ordatisms @4, pathogetns fromn se1f-
cells. While we =il donot understand the bass of this, two comillaties of
thiz ability have to be understood. One, higher wertebrates can distinguizh
foreign rmolecile s as well as fomigh organisms . Most of the experinental
irmniology deals withthis aspect. Two, sometine s, due to genetic and
other uhlitown reazons, the body attacks self-cells. This maults indamage
to the body and iz called awto-Immune di s=ase. Bheumatoid arthritis
which affects many pecple in o societyis an auto-indmine disease.

E.2.7 Immune System in the Body

The human imomne system consists of Imphoid organs, tissues, cells
atd soluble moleciles like antibodie s, Az o1 have read, itriine systerm
is wiique in the snse that it recognises foreign antigens, responcs to
these ahd remrernbers themn The itnmnune systernal o plays animportant
role in allergic reactions, auto-immuane diseases and organ
transplantation.

Lymphold organs: The = are the organs where origin ac,/of moatucaticon
and proliferation of Ijmnphocites occur The primarcy Imphoid orgatns
afe bone marrow and thymuswhers irnfnatu e lpmphocite s differentiate

1
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into antigen-sensitive lymphocytes. After maturation the
Iyinphocytes migrate to secondary lymphold organs like spleen,
lymph nodes. tonsils, Peyer's patches of small intestine and
appendix. The secondary lymphold organs provide the sites
for interaction of lymphocytes with the antigen, which then
proliferate to become effector cells. The location of varlous
Ilymphold organs in the human body 1s shown in Figure 8.5.

The bone marrow is the main lyinphold organ where all
blood cells including lymphocytes are produced. The thymus
1s a lobed organ located near the heart and beneath the
breastbone. The thymus Is quite large at the time of birth but
keeps reducing in size with age and by the time puberty is
attained it reduces to a very small size. Both bone-marrow
and thymus provide micro-environments for the development
and maturation of T-lymphocytes. The spleen is a large bean-
shaped organ. Tt mainly contains lymphocytes and phagocytes.

Diagrammatic  1¢ 5ctg as a filter of the blood by trapping blood-borne micro-
representation

of Lymph nodes

organisms. Spleen also has a large reservolr of erythrocytes.
The lymph nodes are small solid structures located at different
points along the lymphatic system. Lymph nodes serve to trap the
micro-organisms or other antigens, which happen to get into the lymph
and tissue fluld. Antigens trapped in the lymph nodes are responsible for
the activation of lymphocytes present there and cause the immune
Tresponse.

There is lymphold tissue also located within the ining of the major
tracts (respiratory. digestive and urogenital tracts) called mucosal-
associated lymphoid tissue (MALT). It constitutes about 50 per cent of
the lymphoid tissue in human body.

8.3 AIDS

The word AIDS stands for Acequired Immuno Deficiency Syndrome.
This means deflclency of immune system, acquired during the lifetime of
an Individual indicating that it is not a congenital disease. ‘Syndrome’
means a group of symptoms. AIDS was flrst reported in 1981 and in the
last twenty-flve years or so, it has spread all over the world killing more
than 25 million persons.

AIDS is caused by the Human Immuno deficlency Virus (HIV). a
member of a group of viruses called retrovirus, which have an envelope
enclosing the RNA genome (Figure 8.6). Transmission of HIV-nfection
generally occurs by (a) sexual contact with infected person. (b) by
transfusion of contaminated blood and blood products, (c) by sharing
infected needles as in the case of iIntravenous drug abusers and (d) from
Infected mother to her child through placenta. So, people who are at high
risk of getting this infection includes - individuals who have multiple
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K NOTE: Infrr-te] enll rman surehees whils vivosees aow being
replicated and released

Figure 8.6 Feplication of retroviras

seEal partiers, drud addicts who take drugs intrasenoi sy, indivicuals
who equire epeated blood transfitsions and chilcren borm 1o an HI'WV
infected nother. Do gois know—rohen do people need repedbed blood,
tronsfisiony Find out and maoke ailst of such conditions, It is important
tonote that HIV /AID S is ot spread by mem touchor physical contact; it
spreacs orly thimoiagh bocdly fluids. Itis, hence, itnperative, for the physical A
and pspchological well-being, that the HIV AAID S infected persons are
twot isclated fiom farmily and socety. Thereis always a titne-lag bet ween

the itfecticn and appearance of AIDES syprmoptoms. This period may vary
frofn a few motiths o many years [sually b-10 years).

-
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After getting intothe bocky of the person, the vinus enters into macmophage s

whemr RIA genorre of the vints replicate s toform viral DINAwith the help of
the eturytne everse trans criptass. This Wral DNA gets incorporatedintohost
cell’s DMA and directs the infected cells o procduce wiris particles
[Figure &.6]. The macmophages continue to produce vims and in this wagy
arts ioe a HIVfactiory: Sitrmuiltanecisly, HIVenters into helper T-Iimnphocite s
[T, 4. replicates anc prochace progeny viruses. The pmogdendy vrises releassc
it1the blood attack otherhelper T -lpmophocites. This is mpeatedleacitg toa
progres sive decrease it the nurmber of helper T-Iimnphocytes in the body of
the infected persoty. Duritg this period, the person suffers from bouts of
ferer, diarthioea and weight 1oss. Thie to deorease in the number of helper T
Iymophocites, the peraot starts sufferitgdfnom infections that oodd have besn
otherwise overoomne sich as those dus o bacteria e specially Myoobactentos,
winiass, gl and eveh parasites lilke Toscoplasig. The patient beoomre s 50
irnrrmano-ceficient that he fshe iz unable toprote ot hirnself, herse]f against
these infections. A widely tsed diagnostic test for AIDES is engyme Hnhed
Immuno-sorbent assay [ELISA]. Treatrrentof AID S with ant-retnowiral doags
iz orly partially effective. They can only prolang the life o the paticent but
canndt present ceath, which iz inevitable.
Prevention of AIDS @ Az AIDE has o cule, prevettion is the be st optiot.
Morecwer, HIV infection, more often, spreacls due to conscious behaviour
patterns andis not somrething that happens inackertantly, lilke preurnsdia
or typhoic Of course, infection in blood transfusion patients, new-borns
[frormroather] ete., ey talee place chae to poor moonitoring. The only exoiss
rray be ignorance andit has been nghtly said —"“dont die of ignorance”.
[t oar oty the Matiothal AIDE Cottrol Onfand satict [MACC) and other
not -governrental onfanization (G0 ) ame cdoing a lot to echicate pecple
aboat AIDS, WHO has started a number of progranmes to present the
spreading of HIV infection. Malking blood [from blood banks) safe fromm
HIWV, en suring the use of otlydisposable needles and springes in public
and privatehospitals and clinics, free distribution of condorms, controlling
drug abuss, adwocatitgg safe sex and proootingg regular check-ups for
HIVit1 susceptible populatiohs, are some such steps taken up.

Infection with HIV or having AIDS is something that should not be
hicden - sitice then, the infection moey spread to many more people.
HIV/AIDS-infected people need help and spmpathy instead of being
shunned by sodety. Unless society recoghi z25 it a5 a problern tobe dealt
with in a collective manner —the chances of wider spread of the disease
increase matifold. It is a malady that can ohly be tackled, by the sodety
and redical fratemity acting together, to present the spread of the dissase.

.4 Cawesn

Cancer iz one of the most dreaded diseases of hurman beings and is a
frajor cattse ofdeath all over the globe. More that a mhllion ndiats suffer
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from cancer and a larng number of them dis fiom it annually. The
mechanisms that underlie dewvelopment of cancer or oncogenic
transformation of cells, its treatoent and control have been some of the
rostintense areas of ressarch in biology and medicine.

In our body, el growth and differentiation is highly controled and
regulatect In cancer cells, there iz breakdown of these regulatory
rrechanizins Normal cells show a property called contact Inhibidon by
wirtie of which contact with other cells inhibits their ancontrdled growth.
Cancer cells appears 1o hate lost this propety. As aresult of this, cancerois
cells just comtine to divide giving rize 0 masses of cells called tumors.
Turnors are of two tipe s behign and melignant. Bendgn tumorssaormally
rermain aonfined totheir original 1ocation and do oot spread to other parts
of the body and cause little damage. The malignant tumors, on the
other hand are a mass of proliferating cells called neoplastic or tumor
cells. These cells grow wvery rapicdly, invading and damaging the
surmounding normal tisswes As these cells activel ydivide and grow they
alzo starve the normnal cells by cornpeting for vital nutrients Cells sloughed
from swch tumeors reach distant sites thoough blood, and whereser they
et lodgedl in the bocly, they start a new tumor there. This property called
metastasis iz the most feared property of malignant tuamors.

Canses of cancer : Transformation of normal ells into caneerous
tiecplastic cell s may be induced by physical, cherrd cal of biological agents.
These agents are called carcinogens. Ionising radiations lile Z-rajs and
garrima Tays and noh-onising raciations lile TV cans DA damage
leading to neoplastic transformation. The cher cal carcinogens present
it1 toba coo smooke have been identified 45 A major cause of lung cancer
Caticer cald Fg virse s called oncogenic virmses hate geties called wiral
oncogenes. Furthemnore, several geties callecd cellilar oncogenes
[crons] O proto oncogenes hatwe been identified in normal cells which,
whet activated under certain conditions, owld lead to ohcogenic
transformation of the cell s,

Cancer detecilon and dagnosls : Early detection of cancers is essential
ag it allow s the diseaze to be freated successidly in many cases. Cancer
cetection is based on biopsy and histopathological studies of the tissue
atid blood atd bohe marmow tests for incmeased el coutits in the case of
leukemias. [n biopsy, a piece of the suspected tissue cut into thin sections
is stained and examited whder foicmos cope [histopatholog cal stuclie s by
a pathologizt. Techniques lilke radiography fuse of Zrajs], CT [computed
tomog@raphy] and LB [magnetic eaonate: imading] are wery wseiil o
cetect cancers of the internal organ s, Cornputec tomrographyy wses Z-rays
to getierate a thee-dirensional itnage of the internals of an object. WEI
e s strongd magnetic fields and non -ioni sng raciations toac carately cetect
patholodical and phisiological changes it the living tizsuie.

Antibodies against cancer-specific antigens are also wsed for
detection of certain cancers. Techniques of molecular biclogy can be

-
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applied to detect genes in Individuals with inherited susceptibility to
certain cancers. Identification of such genes, which predispose an
individual to certaln cancers, may be very helpful in prevention of cancers.
Such individuals may be advised to avold exposure to particular
carcinogens to which they are susceptible (e.g., tobacco smoke in case
of lung cancer).

Treatment of cancer : The common approaches for treatment of cancer
are surgery. radiation therapy and immunotherapy. In radiotherapy,
tumor cells are irradiated lethally, taking proper care of thenormal tissues
surrounding the tumor mass. Several chemotherapeutic drugs are used
to kill cancerous cells. Some of these are specific for particular tumors.
Majarity of drugs have side effects lke halr loss, anemia, etc. Most cancers
are treated by combination of surgery, radlotherapy and chemotherapy.
Tumor cells have been shown to avold detection and destruction by
immune system. Therefore, the patients are glven substances called
bilological response modiflers such as &interferon which activate their
Immune system and help in destroying the tumor.

8.5 Drucs anp Avconol Anvse

Surveys and statistics show that use of drugs and alcohol has been on
the rise especlally among the youth. Thisis really a cause of concern as it
could result in many harmful effects. Proper education and guildance
would enable youth to safeguard themselves against these dangerous
behaviour patterns and follow healthy lifestyles.

The drugs. which are commonly abused are oplolds, cannabinolds
and coca alkalolds. Majorlty of these are obtalned from flowering plants.
Some are obtained from fungl.

Opioids are the drugs, which bind to specific oplold receptors present
1n our central nervous system and gastrointestinal tract. Heroin
(Flgure 8.7), commonly called smack 1s chemically dlacetylmorphine which
1s a white, odourless, bitter crystalline compound. This is obtained by
acetylation of morphine (Figure 8.7), which 1s extracted from the latex of

?

.

Figure 8.7 Chemical structure of Morphine Figure 8.8 Opium poppy
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poppy plant Papaver sormniferum (Flgure 8.8). Generally taken by snorting
and Injection, heroin 1s a depressant and slows down body functions.

Cannabinoids are a group of chemicals (Figure 8.9), which Interact
with cannabinoid receptors present principally in the brain. Natural
cannabinolds are obtained from the inflorescences of the plant Cannabis
sativa (Figure 8.10). The flower tops, leaves and the resin of cannabis
plant are used in varlous combinations to produce marijuana, hashish,
charas and ganja. Generally taken by inhalation and oral ingestion, these
are known for thelr effects on cardiovascular system of the body.

[_

Figure 8.9 Skeletal structure of Figure 8.10 Leaves of Cannabis sativa

cannahbinoid molecule

Coca alkalold or cocaine 1s obtalned from coca
plant Erythroxylum coca, native to South America. It
Interferes with the transport of the neuro-transmitter
dopamine. Cocalne, commonly called coke or crack 1s
usually snorted. It has a potent stimulating action on
central nervous system, producing a sense of euphoria
and Increased energy. Excessive dosage of cocaine
causes hallucinations. Other well-known plants with
hallucinogenic properties are Atropa belladona and
Datura (Figure 8.11). These days cannabinolds are also
being abused by some sportspersons.

Drugs like barbiturates, amphetamines,
benzodiazepines, lysergle acld diethyl amides (LSD).

and other similar drugs, that are normally used as  Figure 8.11 Flowering branch of Dafura

medicines to help patients cope with mental 1llnesses

lke depression and Insomnia, are often abused. Morphine is a very effective
sedative and painkiller, and is very useful in patients who have undergone
surgery. Several plants, fruits and seeds having hallucinogenic properties
have been used for hundreds of years in folk-medicine, religious ceremnonies
and rituals all over the globe. When these are taken for a purpose other
than medicinal use or in amounts/frequency that impairs one’s physical,
physiological or psychological functions, it constitutes drug abuse.
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Srmoking also paves the way tohard drags. Tobaceo has been used
by human beitids for more that 400 pears, Ihis stooled, chewed or used
as a stff. Tobacoo containg a large nummber of chemical substances
including nicoting, an alkaloid. Micotine stirndates adrenal gand to
releasze adrenaling and nor-admenaline into blood docilaticn, both of
which rai s blood pres sure and increase heart rate. Sooliing 15 associated]
with increased incidetice of cancers of lung, urinary blacder and throat,
bmotichitiz, emphiserna, coronary heart dissase, Jastric uleer. ete. Tobacoo
chewing iz associated with increased risk of cancer of the oral casty.
Srmokitg itcrea s s carbon monoeids [(C0] content in blood and mduces
the o eentration of hasmbound carpgdets. This causes oxyden deficiency
in the body.

When ote buys pacleet s of cigarettes ohe cantct miss the statutory
warning that is prezent on the packing which warns against sooling
and says how it is injurions tohealth. Yet, smoking is very prevalent in
society, both among foung and old Enowing the dangers of sonoling
and chewing tobaceo, and itz addictive nature, the pouth and cld need to
awmidthese habits, Any addict requires coun sslling and medical help 1o
gt ridof the habit.

E.5.1 Adolescence and Drug f Alcotiol Abuse

adolesence rean s both “a perioc and “a process’ during which a child
becomes mature in terms of hiz fher attitudes and beliefs for effective
participation it society. The period between 12-18 years of age may
be thioight of as adolescence period. In other words, adolescence is a
bridge linking childhood and adulthood. Adolescencs is acoorpanied
by several biological and behawioural changes. Adolescetice, this is a
very vilnerable phase of mental and psychological developrent of an
individual.

Curiosity, need for adventure and exciterrent, and experitnentation,
cotustitiite cofmnon causes, which motivate poungsters towards doug
and aleohol wse. A child's natural curiosity motivates himdher to
experirent. Thiz iz corplicated further by effects that rght be perceived
as benefits, of aleohol of driaguse. This, the first wss of drugs or aleohol
rmay be out of curiosity of experirentation, but later the child starts
wsng these toescape facing problerms. Of late, stress, o pressures 1o
excel i acaderics Of exammnation s, has played a significant role in
persuading the youngsters to try aleohol and drags. The percepticon
among ypouth that it is ‘cool” or progressive to smoke, wse drags or
aleohiol, is alaoin a waf a major catltse fof pouth 1o start these habits,
Telewision, movies, newpapers, internet also help to promote this
perceptiof. Other factors that have been ssentobe assocdated with drug
and aleohol abuse among acolescents ae unstable or unsupportive
farmily struactures anc peer pressiure.



HiPAA N HEALTH AHD DREALE

%.5.2 Addiction and Dependence

Becauss of the perceived benefits, drugs are requently ussd repeatedly.
The most itmportant thing, which one fails to realise, is the inherent
addictive nature of alcohol and drougs. Addiction is a pspchological
attachmrent to certain effects —such as euphoria and a ternporary feeling
of well-beitg —associated with drugs and al cohol. These drive people to
take themneven when the e ame not neeced, or even when theiruass becomes
slf-destructive. With repeated wse of dnags, the tolerance level of the
moeptors present in our body increases. Consequently the receptors
mespotc ofly to higher doses of drugs or aloobol leading o greater intake
and addiction. Howeser, it showld be clearly borne in mind that use of
these dnigs even ofice, can be a fore-runher o addiction. Thias, the
addictive potetitial of drugs and aleohol, pall the tserintoa wWodois drls
leadityg to their regular 1se [abuse] fom which hef she may oot be able
togetout. In the absetice of any guidatce or counselling, the person gts
acldicted and becomre s depencent on their use.

Depeticence iz the tendeticy of the body to manifest a characteristic
and unpleasant withdrawal syndrome if regular dose of drygds faleobol
is abruptly discotitiniied. Thisz iz characderized by ansiety, shakiness,
nausea and sweating, which may be relisved when s s esurned again.
If1 some cases, withdrawal sypmptoms can be zevem and even life
threatening and the person may need medical saperision.

Depencence leads the patient to ignore all social noms in order to
get sufficient funds to satiate his Mher needs. The s result in meng social
acljustrent problerms.

8.5.8 Effects of Drug/ Aicoliol Abpse

The irrmrediate adierse effects of drgds and aloohol abig s2 are manite sted
inn the form of reckless behaviour, vandalism and volence. Excessive
dloses of drgds may lead to coma and ceath due to respiratory failume,
heart failure or cerebral hemorrhage. A cormbination of drugs or their
intake along with aleohol generally results in overdosng and even
deaths. The most commmon warhing sighs of drag and aleohol abuse
amotg pouth include drop in acaderic performance, Whexplaited
abszence from schoolfoollege, lack of interest in personal higiens.
withdrawal, isolation, depression, fatigue, aggressive and rebellious
behaviour, deteriorating relaticnships with fanly and friends, loss of
interest in hobbies, change in sleeping and eating habits, fluctuations
ity weight, appetite, etc.

There may even be sorme far-rea ching iroplications of dragfaleohol
abuze. If a abitzer is unable o get mohey to buy drggs faleobol he fshe
rmay tum to stealing. The adwverse effects are just oot restricted to the
persor who iz Wsing drugs of aloohol. Af times, a drogSal eohol addict
b corres the cause of mental and financial distre ss tohis Mher entice fangly
and fristids.

-
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Those who talke dougs intravenously (direct injection into the wein
uEng a needle and syritge], are ooich mome likely to acquine sricis
infections lilke AIDS and hepatitiz B. The winises, which are respon sible
for these dizeass s, are transferred ffomn ohe persot o another by shacing
of infected needles and sypinges. Both ATDS and Hepatitis B infection s
am chrotdc infections and ultimately fatal. AIDE can be tran smitted to
otie’s life parther throtigh sesnial contact while Hepatiti z Bis transmitted
thimagh infected blood .

Thess of aledhol during adolescence may also have long-termeffects.
It ol lead toheasy drinleing it adulthood. The chroed c use of dnags and
Aloohol damages nervos systerm and liver (clrrhosls). The uss of drugs
and alcohol during pregdgnancyis also known to adversely affect the fostas.

Ancther izl e of drggds is what certain sportspersots doto ethance
their performan ce. They [fnis)use narcotic analgesics, anabolic steroids,
clireti s and ceftain hofnone s i sports 1o itcreass miscle strength and
bulk and to promote agdessiveness and as a result increase athletic
pedormance. The sde-effects of the wse of anabolic steroids in fermales
include masculinisation [features like males), increa o agfe ss8veness,
mood swings, depressioh, abnormal menstrital cpcles, excesswe hair
growth on the face and bocly, enlargement of clitoris, cdeepening of woice.
In males it incdudes ache, increased agiressiveness, mood swings,
dlepres sotl, reciction of size ofthe testicle s, deceaszed sperm productiot,
potetitial for Kidned and liver dysfunction, breast enlargernent, prerfnatire
baldness, enlargerrent of the prostate gland. These effects may be
permanent with prolonged wse. Inthe adolescent male or female, severe
facial atd bodl ache, and prematire closure of the growth cetite s of the
long bones majyresult in stanted growth.

R.5.4 Prevention and Control

The age-old adage of ‘prewention iz better than cure” holds tnie here alzo
It iz also tre that habits such as smoking, taking drad or aleohol are
mofe likely to be taken up at & Poung age, more during adolescetnce.
Hence, it iz best toidentify the situations that may push an acdole ot
towards use of dougs or aleohaol, and to take meroedial measures well in
time. I thiz regard, the parents and the teachers have a special
respon sbility. Farenting that combines with high lewels of nurtbarance
and cotizistent discdpline, has best associatec with lowered sl of
substance [alcohol/drugs Aobacco]l abuse. Some of the mmeasures
rrentiotied here wolld be particulady wseful for prevention atdl cottnol
of aleohol and drags abuse among acdolescent s
il Aveid unduae peer pressure - Every child has his fher own choice
and perzonality, which should be respected and nurturec. A child
shald ot be pushed wculy to perform bejord his fher threshold
lirrits; be it stidies, sports of other activities.
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[i]

[+

Education and counselling - Educating and counselling himm/
her toface problemns and steszes, and to aceepl disappointretit s
and failures as a part oflife. It woald also be worthwhile to channeliss
the chilct s energy into healthy pursuits lile sport s, readitg, ooisc,
yoda and other eatracardcalar activities.

Seeling help from parents and peers - Help from parents and
peers should be sought immediately so that they can guice
appropriately. Help may ewen be sought fiom closs and trasted
friends. Besides getting proper adsvize to sort out their problemns,
this wonild help Joung to vent their feelings of ansiety and guilt.
Looking for danger signs - Alert parents and teachers need to
loole for and idettify the danger sgns discus sed abone. Even friends,
if they find somreone using drugds or aleohol, should not hesitate o
brityg this to the notice of parents or feacherinthe best interests of
the person concemecl Appropriate measures wonld then be requirec
todiagnose the malady and the underlying cause s This wolldd help
i1 initiating proper remrecial steps or treatment.

Secking prafessional and medical help - 410t of helpis awailable
i1 the form of hi ghly qualified psichologizts, pejchiatrists, and de-
addictich and rehabilitation pmogranmes tohelp indisvicials who
have unfortunately gof it the qua gmire of coug Saleohol abss, With
suchhelp, the affected incivichial with sufficient efforts and will power,
can get rid of the problermn cormpletel ¥ and lead a perfectly normal
and healthylife.

SUMMARY

Health iznot jast the abssnes of dissase. It isa state of cornplete phpsical,
mental, social and pspchologicel well-being Diseasss like typhoid,
cholera, prisamonia, fuogsl infections of slhn, malana and meany others
are & major case of distress to lnmnan beings, Vector-borre diseases
lilte malaria especially one ceused by Plasmadiune foleparues, if not
treated, may prove fatal. Besides personal clesnliness and hpgisnes
public health messires lilke proper disposal of waste, decontarnination
of drinlong water, control of wectors lilke mosquitoss and imroanisstion
are very helphal in preventing thess disezses. Our immune spstemn plays
the major role in prevwenting these dissases when we are exposed to
dis=ass-cansing agents. The innate deferces of our body Like =lon,
mucois membranes, sntimicrobial substances present in our tears,
saliva and the phagooytic cells help to block the entry of pathogens
into oar body. I the pathogens suooesd in geining endry to oar body,
specific antibodies (amoral immmuane response] and cells ol mediated
irmmare responss] serve to khll thess pathogens, Inmnuane systermn hes
memory. On subsequent exposure to same pathogen, the mmune
Iespor=e is rapid and more intenss. This forms the basis of protection

-
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afforded by vaccination and immuanisation. Among other disesses, AIDS
¢ and cercer lull a large number of mdividusls worldvide. ATDS caused
: by the human immuno-deficiency wirus [HIV] is fatal but can be
prevented if cartain preceutions are talen Many cencers sre curable if
! detected sarly and sppropriate therapeutic measures ane talen, Of late, 3
i drag and alechol abuse among pouth and adolescents is becoming
¢ another cause of concem. Because of the addictive nature of aloohol :
and drags, and their perceived benefit= lilke relief from stress, a person
I may try talking thess in the face of pesr pressurs, examinations-related
¢ and competitiorrelated stresses. In doing so, he/she mayp get addicted
: to them. Education sbout their hamfiul effects, counselling and sseking

1.

11.

12,
1%,
14.
15,

16.

17.

immediate professional and medical help would totally relisve the
Sy 3 individue] from these evils, :

..................................................................................................................................................................................

CXERCIES

Tithat are the verous public kealth measures, which pou woudd suggest
as safegnard agsinst infectious disezzes?

In which way has the study of biology helped wus to control infectious
diseaszes?

How dioes the transmission of each of the following dissases talke placs?
[2] Arnoebizsis (b Mlzlaria ol Ascarissis Id] Preuromiz
What messure wouwld pou take to prevent water-borne dissas==?

Discuss with pour tescher what does “a suitsble gene’ mesns, in the
context of DA vacoines.

Mame the primary ard secondary Iymnphoid orgars.
The following are some well-kmown abbreviations, which havwe bean
nzed in this chapter. Bxpard each ore to its fall form:

[a] DIALT (bl CII =) AITE [d] Halo

=l HIV

Diffterentiate the following zaxd give exarmples of sach:

2] Irmate ard acquired immunity (b Active and passive ioooarnity
Draw 2 welllabelled diagram of an antibody moleoale.

That are the varows routes by which transmission of Inamer imroo -
deficiency vims tales place?

What is the meachanism by which the ATDS winas couses deficisncy of
imrmare sypstem of the infected person?

How is a carcerous cell different from a normed o=y

Explain what iz meant by metastasis.

List the harmmfid effects caused by alkbolol fdnag abuse.

Do pou think that foends cen influsnce one to tale aloohel fdrags? I
pes, low may ore protect himsslfrherself from such an influstce?
Why is that once & person starts talang alecohol or druags, it is difficalt
to gt mid of this habit? Discuss it with pour teacher.

In pour wiew what motivates poumgsters to take to aloohol or doags and
hoaw can this be zecided?



BIOLOGY IN HUMAN WELFARE

Chapters Biclogy B the youngest of the formalise d di ciplines of natural
Hurman Health and Disecse sciancea. Progress in physics and chemistry proceeded much

faster than in Biclogy. Applications of physics and chamistry in
Chapter? our daily ife ako have ahighervisioility than those of biclogy.
Strategies for Enhancementin Howewer, bwrentieth century and certainly twenty-first century
Food Production has demonstrated the utility of biclogical knowledge in

furthernng human welfare, be it in health sector or agrculture,
The discovery of anfibictics, and synthetic plant-derved drugs,
andgesthetics have changed medical practice on one hand
and hurman health on the other hand. Life expectancy of
human beings have dramaticaly changed owver the vears,
Agricultural practices, food processing and diagnostics have
broughtsocic-cultural changes in human communities. These
are briefly described in the following three chapters of this unit.

Chapterid
W icrobes in Hurman Welfare

-




Bornin August 1925 in KumbakonaminTamil Madu, Monkambu Sambasivan
Swaminathan did he graduation and post-graduation in Botany from
W adras University, He worked in different capacities in large number of
irnstitutions in India and abroad and developed hi expertise in genetics
and plant breeding.

The Schoal of Cytogenetics and Radiation Research established at the
Indign Agricultural Research Institute [IARI) enabled Swaminathan and his
tearm to develop shor- duration highevislding varie fies of ice including scente d
Basmati. He is also known for the dewvelopment of the concept of crop
cafeteria, crop schaduling and geneticall improving the yvield and quality.

swaminathan initiated collaboration with Morman Borlavg, which
culminated in the ‘Green Revolution® through introduction of Mexican
varieties of wheaatin Indic. This was highly recognised and appreciated  He
iz alzo the initiator of ‘Lab-to-Land’, food security and several other
environmental programmes. He has been honoured with Podma Bhushan
and several other prestigious awards, medals and fellowships by institutions
of excellence.

Ml 25 o S Wl AT HA H
[1925]




CHAPFTER 8

HUMAN HEALTH AND DISEASE

21 CommnanMseas e in

Humnans
g2 7 ity Health, for a long tifre, was cotsidered as a state of body
ancl mmind where there was a balance of certain hurors™
83 A= This is what early Greeks lilke Hippoorates as well as
54 Canoer Incian Ayurveda system of medicine asserted. It was
thouwght that persotis with blackbile® belonged to hot
85 Drugs and Alechd dbuse personality and would have fevers. This idea was amived

at by pure reflective thought. The discovery of blood
circudation by WilliamHHaned using experinmental methocd
and the demonstration of nomal body temperature in
persons with blackbile using thermmometer o sprovecd the
“good hurmor” hypothesis of health. Inlater years, biology
stated that mind influence s, thooygh neural systern anc
enclocringe system, our imune spstem and that our
irrme #Pstem mwintain s our health. Henee, mind atd
mental state can affect our health, Of course, health is
affected by —

[l genetic disomlers —deficiencies with which a child is
bort and deficiencie s /defects which the child inherits
from parett s from birth;

i) itfectictiz atd

[iii] life style including food and water we take, rest and
exercize We give toour bodie s, habits that we have or
lackete.
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The term health is wery frequently used by everybody. Howr do e
define if? Health does niot simply mean “absence of ol sea 2" or ‘physical
fithess™. It could be defined a5 a state of cornplete physical. mental and
social well-being. When pecple are healthy, they are more efficient at
wiorle. This increasss productivity and brings econonic piosperity. Health
alzo inreases longewity of people and recuces itfant ancd maternal
mortality.

Bulanceddiet, personal hygiene and efular eereise are Very mportatt
to maintait good health. Toga has been practised sitice Hire inoennorial
to achiewe physical and mental health, Awareness about dissazes and
their effect on different bodily functions, vacdnation [omoinisation)
against infectioits diseases, proper di zposal of wastes, contml of vectors
and maittenatce of higetic food atnd water resources are necessary for
achieving good health.

Whet the futictioning of one of more organs o systems of the bodyis
aclwversely affected, characteri sd by various signs and sprophomms, we say
thiat we are not healthy. ie., we have a disease. Diseases cat be broadly
groupec into Infectlons and non-infectious. Dis=azes which are easiy
tran smnitted fnom one person to another, are called nfections diseases.
Infections dizeases ame Very oot and every ohe of Ws suffers ffofn
these at sometimme or other. Somre of the infection s di seases like AIDS are
fatal. Arnong non -infectioiis dizea s, cancer is the major cause of death.
Drug and aleohol abitse also affect our health advwersely.

H. P Convpeom Ihasases m Honans

& wide range of ofganizms belonging to bacteria, wiruses, fung,
priotozcan s, helminths, ete., could cause diseases in man. Suchdizease-
callEng organisms are called pathogens. All parazites are therefore
pathoden s as they caus harm to the host by living in [0 on) thern The
pathogen s cat ettter oUr body by wanious: means, omltbiply andinterfere
with normal wital activities, resulting in morphological and functional
darmage. Fathogens hawe toadapt tolife within the environment of the
host. For example, the pathogens that enter the gut st lonow a wag of
surwiving i the stomach at low pH and rezisting the various dige stive
enrymes. & few representative members from different groaps of
pathogenic onganiszms are dizcussed here alongwith the diseases caused
by thern Preventive and control measwe s against these diseasss in general,
am also briefly describec.

Salrmonelld iy phl is a pathodenic bacterium which causes typhold
fever in hurman beings. The s pathogdens generally enter the smell intestine
thmugh food and water contaminated with them and mograte toother
organ s through blood Sustained high fever [(39° to 40°C), wealiness,
stornach pain, constipation, headache and loss of appetite are some of
the commmon sfmpioms of this diseass. Intestinal perforation and death
may occul in sewere cases. Typhoid fever could be confirmed by
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Widal test. 2 claszsic case in medicdne, that of ary Mallon nicknamed
Ty prueid Mary, is worth mentiching here. She was a cook by profession
atd was a typhoid carrier who continued to spread typhoid for sewveral
years throigh the food she preparecl.

Bacteria like Sireplococciis pnetrronias anc S aemephoius mnfitens s
are respotizible for the dizzaze pneumonda it huran s which infect s the
alveoli [air filled sacs of the lungs As a result of the infection, the alweoli
gt fllec with fluid leading to severe problems it espiratict. The spoophons
of prieurnonia inchace feser, chills, cough and headache. In ssvere cases,
the lips and finger hails may turh gray 1o bluish in oolour. A healthy
persot ac]uire s the infection by inhaling the droplets/ asrosol 5 releassd
by at infected persoh of even by sharing glasses and wtensls with an
infected person. Dysetitery, plague, diphtheria, ete., ae some of theother
bacterial diseaszes it .

Ilatiy Wruses also cause diseda s s in human beings. Fhitno vinisss
mepresetit one such group of wind s whidch causeote of the most infe cticiis
hurman ailtrent s — the common cold. Theyitfect the nose and mespiratory
passage bt not the lungs. The coomnon cold is characterized by nazal
conigestion and discharg, sore throat, hoarsness, cough, headache,
tirechiess, ete., which wsually last for 3-F days. Droplets resulting fiomm
coiagh of sneeres of an infected person are either inhaled directly or
transrmitted through contarmmnated objects such as pens, books, oups,
coorltiobs, compliter Keyboard or moitse, ete., ahcd canse infectioh it a
healthy persot.

gorre of the hiuman dissases ame cadsed by profoeoens too, Tou night
hawve heard about malaria, o disease man has besn fighting since mmangy
1ears. Masmodivin, atitny protogoat is espotnsble for thisdiseass. Different
gpecies of Masmediut [Fo eed, Foomalana and P falopamons) are
EsponEble fordifferent trpe s of maelara, Cfthese, malignant malara cased
by Flastnodie faloparss is the most serioil s ane and can even be fatal,

Let us take a glance at the life cpcle of Plasmodicm [Bigume 8.1).
Flastodivn enters the human body as sporosoites [(infections form
throgh the bite of infected female Anophees mosquito. The parasites
ituiti ally ornaltiply within the liver cells and then attack the red blood cells
[FECs resulting in their raptitre. The rupture of RBECs is assodated with
mlease of atoeic substanice, haermoeoit, which iz responsible for the chill
atudl high fever recurning every thies tofour dags. Whet a femmale Anopheeles
rmozquito bites an infected person, these parasites enter the mosquito's
oy atd whdergo further detwelopment. The parasites ooaltiply within
them to form sporofoites that are stored in their salivary glancs. When
these mos]uitce s bite ahuman, the spomeoites are intmodued intohi s/
her bocly, thereby initiating the etvents mentiohed abowe. iz interesting
to note that the melarial paraszte requires two hosts — huaman and
rmosquitoe s — o cofrmplete its life cycle [Figare 8. 1); the female Anopheles
rosquitois the vector [tran smitting agent] too.

-
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Figure 8.1 3tages in the life opole of Flasmodiom

Entoiee ba histoly tiedis 2 protofoa parasite in the large intestine of
human which causes amoeblasis amoeble dysentery). Symoptoms of
this disgase include cohstipation, abdoninal pain and cramps, stools
with earcess ol s and blood clots. Howseflies act as mechanical carmiers
and serve to transot the parasite fom fasces of infe cted person to food
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and food products, thereby contaminating them.
Drnking water and food contaminated by the faecal
matter are the main source of infectlon.

Ascaris, the common round worm and Wuchereria,
the fllarial worm, are some of the helminths which are
known to be pathogenic to man. Ascaris, an intestinal
parasite causes ascariasis. Symptoms of these disease
Include internal bleeding, inuscular pain, fever, anemnia
and blockage of the Intestinal passage. The eggs of the
parasite are excreted along with the faeces of infected
persons which contaminate soil, water, plants, etc. A
healthy person acquires this infection through
contaminated water, vegetables, frults, etc.

Wuchereria (W, bancroftiand W. malayi). the fllarial
worms cause a slowly developing chronic inflammation
of the organs in which they live for many years. usually
the lymphatic vessels of the lower imbs and the disease
1s called elephantiasis or filariasis (Figure 8.2). The
genital organs are also often aftected, resulting in gross
deformities. The pathogens are transmitted to a healthy
person through the bite by the female mosquito vectors.

Many fungl belonging to the genera Microsporum,
Trichophyton and Epidermophyton are
responsible for ringworms which 1s one of
the most common infectious diseases iIn man.
Appearance of dry. scaly leslons on various
parts of the body such as skin, nails and
scalp (Flgure 8.3) are the main symptoms of
the disease. These lesions are accompanied
by intense itching. Heat and moisture help
these fungl to grow, which makes them thrive
in skin folds such as those in the groin or
between the toes. Ringworms are generally
acquired from soll or by using towels, clothes
or even the comb of infected individuals.

Figure 8.2 Diagram showing
inflamation in one of

the lower limbs due
to elephantiasis

Figure 8.8 Diagram showing ringworm

affected area of the skin

Maintenance of personal and public hygiene 1s very important for
prevention and control of inany infectious diseases. Measures for personal

hyglene Include keeping the body clean; consumption of clean drinking
water, food, vegetables, frults, etc. Public hygiene includes proper disposal
of waste and excreta; perlodic deaning and disinfection of water reservolirs,
pools, cesspools and tanks and observing standard practices of hyglene

in public catering. These measures are particularly essential where the
Infectious agents are transmitted through food and water such as typhoid,
amoeblasis and ascarlasls. In cases of alr-borne discases such as
prieurnonia and common cold, in addition to the above measures, close
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cotitact with the infected persons or their belongings shoald be avoided.
For dizeases sich as melaria and filariazis that are transootted throagh
insectvectors, the most irnportant mea sure is to control or eliminate the
vectors and their breeding places. Thiz can be achiewed by avwoiclitg
stagnation of water in and around esidential areas, regular cleaning of
hotzehold coolers, se of mosquitonets, introchicing fshes lile G
in poncls that feed on mos] uito larvae, spraging of in s cticides inditches,
draitiafe area s and swarmps, et In acddition, doors and window s should
be pmovided with wire mesh to prevent the entry of mosquitoes. Such
precautions hatwe beoome all the more irnportant especiallyin the light of
recent widespread incidences of the wotor-borne [Aedes mosguitoss)
dissaszes like denfie and chiltutfunia it maty pacts of India.

The advancements made in biologeal science havwe amned ws 1o
effectively deal with many infectiois diseases. The use of vaccites and
imtrmanization progranmres have enabled us to completely eraclicate a
deacly disease like soallpos. A large nurmnber of other infection s dissases
like polio, diphtheria, preummonia and tetamis have been controlled to a
large extent by the e of vacdne s Biotechnology [abot which ot will
read more in Chapter 12]is at the verge of makin g available newer ancd
safer vaccites. Discovwery of antibiotics and warious other drags has also
enabled s toeffectiely teat infection s dissazes.

B 2 Iswwomrry

Everjday we are exposed tolarg number of infectioi s agents. However,
otuly & few of the se exposure s result in disase. Why? Thisisduoe tothe
fact that the body is able todefend itss1f fiom oost of these forei gh agents.
Thiz overall ability of the host to fght the disase-causing offatisms,
cotiferred by the immune systemis called immunity.

Irrrianity is of two typpes (i Inhate infoanity and [§@)] Acquirec
i ity

8.2.1 [nnaie Ininmnd iy

Inhate infanity is non-specdfic tpe of defence, that is present at the
tirne of birth. This iz accomplished by prosicing cifferent types of barners
to the etitry of the foreigh agents intoour body. nate inmmity oo s st
of four type s of barmiers. Thess are —

[i] Physical barriers @ Skit of our body is the main barnier which
prevents entry of the micro-organizms. Mucus ooating of the
epithelitm lining the mspiratory, dastrointestinal and umgenital
tracts also help in trapping i crobe s entering our bocy.

[ii] Physiological barriers : Acid in the stomach, zaliva in the outh,
tears inomeies —all prevent i crobial growth,

(iil] Cellular barriers : Certain types of leukocytes WEBC) of cur bocy
like polymorpho-nuclear leukocytes [FPRIL-neatrophils) and
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monocytes and natural killer (type of lymphocytes) in the blood as
well as macrophages in tissues can phagocytose and destroy
microbes.

lv) Cytokine barriers : Virus-infected cells secrete protelns called
interferons which protect non-infected cells from further viral infection.

£.2.2 Acquived Immunity

Acquired immunity, on the other hand, 1s pathogen specific. It is
characterised by memory. This means that our body when it encounters
a pathogen for the first ime produces a response called primary response
which is of low Intensity. Subsequent encounter with the same pathogen
elicits a highly intensified secondary or anamnestic response. This
1s ascribed to the fact that our body appears to have memory of the
first encounter.
The primary and secondary

Immune responses are carried /
out with the help of two
special types of lymphocytes
present 1in our blood,
1.e., B-lymphocytes and T-
Iymphocytes. The B-lymphocytes
produce an army of protelnsin
response to pathogens into our
blood to fight with them. These
proteins are called antibodies.
The T-cells themselves do not
secrete antibodies but help B
cells produce them. Each
antibody molecule has four
peptide chains, two small called
light chains and two longer
called heavy chains. Hence, an . c

Antigen binding site Antigen binding site

~\

y.

antibody is represented as H, L.
Different types of antibodies are
produced in our body. IgA, IgM, IgE, IgG are some of them. A cartoon of
an antibody s glven in Figure 8.4. Because these antibodies are found in
the blood, the response is also called as humoral immune response.
This1s one of the two types of our acquired immune response — antibody
mediated. The second type 1s called cell-mediated iImmune response or
cell-mediated immunity (CMI). The T-lymphocytes mediate CMI. Very
often, when some human organs like heart, eye, liver, kidney fail to function
satisfactorily, transplatationis the only remedy to enable the patient to
live a normal life. Then a search begins —to find a suiltable donor. Why is
it that the organs cannot be taken from just anyhody? What is it that

Figure 8.4 Structure of an antibody molecule
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the doctors check? Grafts ffom just any soure — an animel, another
prifate, of any hiiman beitgs cattot be made sinee the graft s wonld be
rejected sooner or later. Tissue matching, blood group matching are
gszential before undertalking any graft Aransplant and even after this the
patient ha s totale inmmuno—suppresants all his/her life. The boclyis able
to differentiate ‘zelf * and honself and the cellorediated inmi Ne e spotLse
iz mesponable for the grafft rejection.

2.2.3 Active and Passive Imnimunity

Whet a host is egposed to antigens, which may be it the foro of living
of dead microbe s or other proteins, antibocies are produced in the host
biochy. This type of infriinity is called active immunity. Active iromrity
iz slow and talkes time to give its full effective responss. Injecting the
mcrobes deliberately during imfmanization of itfectios orgatdsms
gaining access into body during natural infection incdace active
irnrranity. When readp-made antibodies are directly given to protect
the bocly again =t foreign agents, it iz called passive Immunity. Do o
knowr ohyy mother's mok o5 considered. oery essential for fhe neoo-
born infand? The jelowish fluid colosirum s=creted by moother charing
the initial dajs of lactation has abundant antibodies [Iga) o protect the
infatit. The fostus also receives some antibodies from their mother,
thmugh the placenta during pregnancy. These ame some exaiaples of
passive ity

&2.2.4 Vaccination and Inmmnnisatdon

The principle of inTnunisaticn of vacodnation is based an the property of
ey of the itnfrine systern. Inwaccitnation, 8 preparation of attigemnic
proteins of pathogen or inactivated/wealened pathogen [waccing] are
introduced into the body. The antibodie s prodhiced in the body against
these antigens woldd neutralise the pathogdenic agents during actieal
infectiofs. The wacdnes also geherate renory —Band T -cells that reeogise
the pathogen quickly on subsequent exposure and overwhelm the
innwacers with a masswe production of antibodies. If a persoh is infected
with some deadly i crobe 5 to which quick irrmune response 15 requirect
as il tetatas, we need to directly inject the preformed antibodies, or
antitoent (4 preparation containing antibodies tothe toain). Even it cases
of snakebites, the itgection which is given tothe patients, contain prefomed
antibodies against the shake wenom. This type of iormanization is called
passive immunisation.

Fecormbinant DA technology has allowed the procuction of antigenic
polypeptides of pathogden it bacteria of jeast. Vaccing s prociiced using
this appmach allow large scale prodilctioh ancd hence greater availability
for imnfrand sation, & g hepatitis Byvaccing produced foom yea st
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%.2.5 Allergies

Dl thi s happen tojou? When fohase gone toa new place and suddenly
o started sneeging, wheesing for no explained reason, anc when o
CAITE away, Four syrmptoms dissappeared? Some of s are sensitive to
some particles i the envirotiiment. The above -menticned maction colcd
b= because of allergy topollen, mites, ete., which am different in different
places.

The exaggerated response of the inmmane systemto certain antigens
present in the environmrent is callecl allergy. The subztances to which
such an ifrrrne e spotss is procduced ae called allergens. The antibodie s
produced to these are of IGE type. Conmoh examples of allergdens are
rrite s in dust, pollens, animal dander, ete. Spooptors of allergic reactions
incluce sneesing, watery ejes, ranning nose and difficulty in breathing.
Allergy is due to the release of chermmcals like histamine and semtotin
fromm the mast cells. For determining the caus of allergy, the patient is
exposer to or inje cted with very small doses of possible alleqgens, and the
meactions studied. The 1z of drugs like anti-histamine, acrernalin and
stercids quickly reciice the spmptonms of allergy. Sormehow, modern-day
life ztyle has resulted in loweritng of inmmihity anc more sensitivty o
allergens — rmore and foore children in fetro cities of India suffer fiom
allergies atd asthina diue to sen sEtivty o the envimotment . Thi s could be
b= cause of the protected environment prowvided eadyin lifs.

R.2.6 Anto Inanmonity

Miernory-based acquired irmmmihity evolved in higher vertebrate s bazed
oty the ability todifferetitiate oreign ordatisms @4, pathogetns fromn se1f-
cells. While we =il donot understand the bass of this, two comillaties of
thiz ability have to be understood. One, higher wertebrates can distinguizh
foreign rmolecile s as well as fomigh organisms . Most of the experinental
irmniology deals withthis aspect. Two, sometine s, due to genetic and
other uhlitown reazons, the body attacks self-cells. This maults indamage
to the body and iz called awto-Immune di s=ase. Bheumatoid arthritis
which affects many pecple in o societyis an auto-indmine disease.

E.2.7 Immune System in the Body

The human imomne system consists of Imphoid organs, tissues, cells
atd soluble moleciles like antibodie s, Az o1 have read, itriine systerm
is wiique in the snse that it recognises foreign antigens, responcs to
these ahd remrernbers themn The itnmnune systernal o plays animportant
role in allergic reactions, auto-immuane diseases and organ
transplantation.

Lymphold organs: The = are the organs where origin ac,/of moatucaticon
and proliferation of Ijmnphocites occur The primarcy Imphoid orgatns
afe bone marrow and thymuswhers irnfnatu e lpmphocite s differentiate

1



Figure 8.5

BOLOEY

into antigen-sensitive lymphocytes. After maturation the
Iyinphocytes migrate to secondary lymphold organs like spleen,
lymph nodes. tonsils, Peyer's patches of small intestine and
appendix. The secondary lymphold organs provide the sites
for interaction of lymphocytes with the antigen, which then
proliferate to become effector cells. The location of varlous
Ilymphold organs in the human body 1s shown in Figure 8.5.

The bone marrow is the main lyinphold organ where all
blood cells including lymphocytes are produced. The thymus
1s a lobed organ located near the heart and beneath the
breastbone. The thymus Is quite large at the time of birth but
keeps reducing in size with age and by the time puberty is
attained it reduces to a very small size. Both bone-marrow
and thymus provide micro-environments for the development
and maturation of T-lymphocytes. The spleen is a large bean-
shaped organ. Tt mainly contains lymphocytes and phagocytes.

Diagrammatic  1¢ 5ctg as a filter of the blood by trapping blood-borne micro-
representation

of Lymph nodes

organisms. Spleen also has a large reservolr of erythrocytes.
The lymph nodes are small solid structures located at different
points along the lymphatic system. Lymph nodes serve to trap the
micro-organisms or other antigens, which happen to get into the lymph
and tissue fluld. Antigens trapped in the lymph nodes are responsible for
the activation of lymphocytes present there and cause the immune
Tresponse.

There is lymphold tissue also located within the ining of the major
tracts (respiratory. digestive and urogenital tracts) called mucosal-
associated lymphoid tissue (MALT). It constitutes about 50 per cent of
the lymphoid tissue in human body.

8.3 AIDS

The word AIDS stands for Acequired Immuno Deficiency Syndrome.
This means deflclency of immune system, acquired during the lifetime of
an Individual indicating that it is not a congenital disease. ‘Syndrome’
means a group of symptoms. AIDS was flrst reported in 1981 and in the
last twenty-flve years or so, it has spread all over the world killing more
than 25 million persons.

AIDS is caused by the Human Immuno deficlency Virus (HIV). a
member of a group of viruses called retrovirus, which have an envelope
enclosing the RNA genome (Figure 8.6). Transmission of HIV-nfection
generally occurs by (a) sexual contact with infected person. (b) by
transfusion of contaminated blood and blood products, (c) by sharing
infected needles as in the case of iIntravenous drug abusers and (d) from
Infected mother to her child through placenta. So, people who are at high
risk of getting this infection includes - individuals who have multiple
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K NOTE: Infrr-te] enll rman surehees whils vivosees aow being
replicated and released

Figure 8.6 Feplication of retroviras

seEal partiers, drud addicts who take drugs intrasenoi sy, indivicuals
who equire epeated blood transfitsions and chilcren borm 1o an HI'WV
infected nother. Do gois know—rohen do people need repedbed blood,
tronsfisiony Find out and maoke ailst of such conditions, It is important
tonote that HIV /AID S is ot spread by mem touchor physical contact; it
spreacs orly thimoiagh bocdly fluids. Itis, hence, itnperative, for the physical A
and pspchological well-being, that the HIV AAID S infected persons are
twot isclated fiom farmily and socety. Thereis always a titne-lag bet ween

the itfecticn and appearance of AIDES syprmoptoms. This period may vary
frofn a few motiths o many years [sually b-10 years).

-
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After getting intothe bocky of the person, the vinus enters into macmophage s

whemr RIA genorre of the vints replicate s toform viral DINAwith the help of
the eturytne everse trans criptass. This Wral DNA gets incorporatedintohost
cell’s DMA and directs the infected cells o procduce wiris particles
[Figure &.6]. The macmophages continue to produce vims and in this wagy
arts ioe a HIVfactiory: Sitrmuiltanecisly, HIVenters into helper T-Iimnphocite s
[T, 4. replicates anc prochace progeny viruses. The pmogdendy vrises releassc
it1the blood attack otherhelper T -lpmophocites. This is mpeatedleacitg toa
progres sive decrease it the nurmber of helper T-Iimnphocytes in the body of
the infected persoty. Duritg this period, the person suffers from bouts of
ferer, diarthioea and weight 1oss. Thie to deorease in the number of helper T
Iymophocites, the peraot starts sufferitgdfnom infections that oodd have besn
otherwise overoomne sich as those dus o bacteria e specially Myoobactentos,
winiass, gl and eveh parasites lilke Toscoplasig. The patient beoomre s 50
irnrrmano-ceficient that he fshe iz unable toprote ot hirnself, herse]f against
these infections. A widely tsed diagnostic test for AIDES is engyme Hnhed
Immuno-sorbent assay [ELISA]. Treatrrentof AID S with ant-retnowiral doags
iz orly partially effective. They can only prolang the life o the paticent but
canndt present ceath, which iz inevitable.
Prevention of AIDS @ Az AIDE has o cule, prevettion is the be st optiot.
Morecwer, HIV infection, more often, spreacls due to conscious behaviour
patterns andis not somrething that happens inackertantly, lilke preurnsdia
or typhoic Of course, infection in blood transfusion patients, new-borns
[frormroather] ete., ey talee place chae to poor moonitoring. The only exoiss
rray be ignorance andit has been nghtly said —"“dont die of ignorance”.
[t oar oty the Matiothal AIDE Cottrol Onfand satict [MACC) and other
not -governrental onfanization (G0 ) ame cdoing a lot to echicate pecple
aboat AIDS, WHO has started a number of progranmes to present the
spreading of HIV infection. Malking blood [from blood banks) safe fromm
HIWV, en suring the use of otlydisposable needles and springes in public
and privatehospitals and clinics, free distribution of condorms, controlling
drug abuss, adwocatitgg safe sex and proootingg regular check-ups for
HIVit1 susceptible populatiohs, are some such steps taken up.

Infection with HIV or having AIDS is something that should not be
hicden - sitice then, the infection moey spread to many more people.
HIV/AIDS-infected people need help and spmpathy instead of being
shunned by sodety. Unless society recoghi z25 it a5 a problern tobe dealt
with in a collective manner —the chances of wider spread of the disease
increase matifold. It is a malady that can ohly be tackled, by the sodety
and redical fratemity acting together, to present the spread of the dissase.

.4 Cawesn

Cancer iz one of the most dreaded diseases of hurman beings and is a
frajor cattse ofdeath all over the globe. More that a mhllion ndiats suffer
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from cancer and a larng number of them dis fiom it annually. The
mechanisms that underlie dewvelopment of cancer or oncogenic
transformation of cells, its treatoent and control have been some of the
rostintense areas of ressarch in biology and medicine.

In our body, el growth and differentiation is highly controled and
regulatect In cancer cells, there iz breakdown of these regulatory
rrechanizins Normal cells show a property called contact Inhibidon by
wirtie of which contact with other cells inhibits their ancontrdled growth.
Cancer cells appears 1o hate lost this propety. As aresult of this, cancerois
cells just comtine to divide giving rize 0 masses of cells called tumors.
Turnors are of two tipe s behign and melignant. Bendgn tumorssaormally
rermain aonfined totheir original 1ocation and do oot spread to other parts
of the body and cause little damage. The malignant tumors, on the
other hand are a mass of proliferating cells called neoplastic or tumor
cells. These cells grow wvery rapicdly, invading and damaging the
surmounding normal tisswes As these cells activel ydivide and grow they
alzo starve the normnal cells by cornpeting for vital nutrients Cells sloughed
from swch tumeors reach distant sites thoough blood, and whereser they
et lodgedl in the bocly, they start a new tumor there. This property called
metastasis iz the most feared property of malignant tuamors.

Canses of cancer : Transformation of normal ells into caneerous
tiecplastic cell s may be induced by physical, cherrd cal of biological agents.
These agents are called carcinogens. Ionising radiations lile Z-rajs and
garrima Tays and noh-onising raciations lile TV cans DA damage
leading to neoplastic transformation. The cher cal carcinogens present
it1 toba coo smooke have been identified 45 A major cause of lung cancer
Caticer cald Fg virse s called oncogenic virmses hate geties called wiral
oncogenes. Furthemnore, several geties callecd cellilar oncogenes
[crons] O proto oncogenes hatwe been identified in normal cells which,
whet activated under certain conditions, owld lead to ohcogenic
transformation of the cell s,

Cancer detecilon and dagnosls : Early detection of cancers is essential
ag it allow s the diseaze to be freated successidly in many cases. Cancer
cetection is based on biopsy and histopathological studies of the tissue
atid blood atd bohe marmow tests for incmeased el coutits in the case of
leukemias. [n biopsy, a piece of the suspected tissue cut into thin sections
is stained and examited whder foicmos cope [histopatholog cal stuclie s by
a pathologizt. Techniques lilke radiography fuse of Zrajs], CT [computed
tomog@raphy] and LB [magnetic eaonate: imading] are wery wseiil o
cetect cancers of the internal organ s, Cornputec tomrographyy wses Z-rays
to getierate a thee-dirensional itnage of the internals of an object. WEI
e s strongd magnetic fields and non -ioni sng raciations toac carately cetect
patholodical and phisiological changes it the living tizsuie.

Antibodies against cancer-specific antigens are also wsed for
detection of certain cancers. Techniques of molecular biclogy can be

-
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applied to detect genes in Individuals with inherited susceptibility to
certain cancers. Identification of such genes, which predispose an
individual to certaln cancers, may be very helpful in prevention of cancers.
Such individuals may be advised to avold exposure to particular
carcinogens to which they are susceptible (e.g., tobacco smoke in case
of lung cancer).

Treatment of cancer : The common approaches for treatment of cancer
are surgery. radiation therapy and immunotherapy. In radiotherapy,
tumor cells are irradiated lethally, taking proper care of thenormal tissues
surrounding the tumor mass. Several chemotherapeutic drugs are used
to kill cancerous cells. Some of these are specific for particular tumors.
Majarity of drugs have side effects lke halr loss, anemia, etc. Most cancers
are treated by combination of surgery, radlotherapy and chemotherapy.
Tumor cells have been shown to avold detection and destruction by
immune system. Therefore, the patients are glven substances called
blological response modiflers such as interferon which activate thelr
Immune system and help in destroying the tumor.

8.5 Drucs anp Avconol Anvse

Surveys and statistics show that use of drugs and alcohol has been on
the rise especlally among the youth. Thisis really a cause of concern as it
could result in many harmful effects. Proper education and guildance
would enable youth to safeguard themselves against these dangerous
behaviour patterns and follow healthy lifestyles.

The drugs. which are commonly abused are oplolds, cannabinolds
and coca alkalolds. Majorlty of these are obtalned from flowering plants.
Some are obtained from fungl.

Opioids are the drugs, which bind to specific oplold receptors present
1n our central nervous system and gastrointestinal tract. Heroin
(Flgure 8.7), commonly called smack 1s chemically dlacetylmorphine which
1s a white, odourless, bitter crystalline compound. This is obtained by
acetylation of morphine (Figure 8.7), which 1s extracted from the latex of

?

.

Figure 8.7 Chemical structure of Morphine Figure 8.8 Opium poppy
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poppy plant Papaver sormniferum (Flgure 8.8). Generally taken by snorting
and Injection, heroin 1s a depressant and slows down body functions.

Cannabinoids are a group of chemicals (Figure 8.9), which Interact
with cannabinoid receptors present principally in the brain. Natural
cannabinolds are obtained from the inflorescences of the plant Cannabis
sativa (Figure 8.10). The flower tops, leaves and the resin of cannabis
plant are used in varlous combinations to produce marijuana, hashish,
charas and ganja. Generally taken by inhalation and oral ingestion, these
are known for thelr effects on cardiovascular system of the body.

[_

Figure 8.9 Skeletal structure of Figure 8.10 Leaves of Cannabis sativa

cannahbinoid molecule

Coca alkalold or cocaine 1s obtalned from coca
plant Erythroxylum coca, native to South America. It
Interferes with the transport of the neuro-transmitter
dopamine. Cocalne, commonly called coke or crack 1s
usually snorted. It has a potent stimulating action on
central nervous system, producing a sense of euphoria
and Increased energy. Excessive dosage of cocaine
causes hallucinations. Other well-known plants with
hallucinogenic properties are Atropa belladona and
Datura (Figure 8.11). These days cannabinolds are also
being abused by some sportspersons.

Drugs like barbiturates, amphetamines,
benzodiazepines, lysergle acld diethyl amides (LSD).

and other similar drugs, that are normally used as  Figure 8.11 Flowering branch of Dafura

medicines to help patients cope with mental 1llnesses

lke depression and Insomnia, are often abused. Morphine is a very effective
sedative and painkiller, and is very useful in patients who have undergone
surgery. Several plants, fruits and seeds having hallucinogenic properties
have been used for hundreds of years in folk-medicine, religious ceremnonies
and rituals all over the globe. When these are taken for a purpose other
than medicinal use or in amounts/frequency that impairs one’s physical,
physiological or psychological functions, it constitutes drug abuse.
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Srmoking also paves the way tohard drags. Tobaceo has been used
by human beitids for more that 400 pears, Ihis stooled, chewed or used
as a stff. Tobacoo containg a large nummber of chemical substances
including nicoting, an alkaloid. Micotine stirndates adrenal gand to
releasze adrenaling and nor-admenaline into blood docilaticn, both of
which rai s blood pres sure and increase heart rate. Sooliing 15 associated]
with increased incidetice of cancers of lung, urinary blacder and throat,
bmotichitiz, emphiserna, coronary heart dissase, Jastric uleer. ete. Tobacoo
chewing iz associated with increased risk of cancer of the oral casty.
Srmokitg itcrea s s carbon monoeids [(C0] content in blood and mduces
the o eentration of hasmbound carpgdets. This causes oxyden deficiency
in the body.

When ote buys pacleet s of cigarettes ohe cantct miss the statutory
warning that is prezent on the packing which warns against sooling
and says how it is injurions tohealth. Yet, smoking is very prevalent in
society, both among foung and old Enowing the dangers of sonoling
and chewing tobaceo, and itz addictive nature, the pouth and cld need to
awmidthese habits, Any addict requires coun sslling and medical help 1o
gt ridof the habit.

E.5.1 Adolescence and Drug f Alcotiol Abuse

adolesence rean s both “a perioc and “a process’ during which a child
becomes mature in terms of hiz fher attitudes and beliefs for effective
participation it society. The period between 12-18 years of age may
be thioight of as adolescence period. In other words, adolescence is a
bridge linking childhood and adulthood. Adolescencs is acoorpanied
by several biological and behawioural changes. Adolescetice, this is a
very vilnerable phase of mental and psychological developrent of an
individual.

Curiosity, need for adventure and exciterrent, and experitnentation,
cotustitiite cofmnon causes, which motivate poungsters towards doug
and aleohol wse. A child's natural curiosity motivates himdher to
experirent. Thiz iz corplicated further by effects that rght be perceived
as benefits, of aleohol of driaguse. This, the first wss of drugs or aleohol
rmay be out of curiosity of experirentation, but later the child starts
wsng these toescape facing problerms. Of late, stress, o pressures 1o
excel i acaderics Of exammnation s, has played a significant role in
persuading the youngsters to try aleohol and drags. The percepticon
among ypouth that it is ‘cool” or progressive to smoke, wse drags or
aleohiol, is alaoin a waf a major catltse fof pouth 1o start these habits,
Telewision, movies, newpapers, internet also help to promote this
perceptiof. Other factors that have been ssentobe assocdated with drug
and aleohol abuse among acolescents ae unstable or unsupportive
farmily struactures anc peer pressiure.
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%.5.2 Addiction and Dependence

Becauss of the perceived benefits, drugs are requently ussd repeatedly.
The most itmportant thing, which one fails to realise, is the inherent
addictive nature of alcohol and drougs. Addiction is a pspchological
attachmrent to certain effects —such as euphoria and a ternporary feeling
of well-beitg —associated with drugs and al cohol. These drive people to
take themneven when the e ame not neeced, or even when theiruass becomes
slf-destructive. With repeated wse of dnags, the tolerance level of the
moeptors present in our body increases. Consequently the receptors
mespotc ofly to higher doses of drugs or aloobol leading o greater intake
and addiction. Howeser, it showld be clearly borne in mind that use of
these dnigs even ofice, can be a fore-runher o addiction. Thias, the
addictive potetitial of drugs and aleohol, pall the tserintoa wWodois drls
leadityg to their regular 1se [abuse] fom which hef she may oot be able
togetout. In the absetice of any guidatce or counselling, the person gts
acldicted and becomre s depencent on their use.

Depeticence iz the tendeticy of the body to manifest a characteristic
and unpleasant withdrawal syndrome if regular dose of drygds faleobol
is abruptly discotitiniied. Thisz iz characderized by ansiety, shakiness,
nausea and sweating, which may be relisved when s s esurned again.
If1 some cases, withdrawal sypmptoms can be zevem and even life
threatening and the person may need medical saperision.

Depencence leads the patient to ignore all social noms in order to
get sufficient funds to satiate his Mher needs. The s result in meng social
acljustrent problerms.

8.5.8 Effects of Drug/ Aicoliol Abpse

The irrmrediate adierse effects of drgds and aloohol abig s2 are manite sted
inn the form of reckless behaviour, vandalism and volence. Excessive
dloses of drgds may lead to coma and ceath due to respiratory failume,
heart failure or cerebral hemorrhage. A cormbination of drugs or their
intake along with aleohol generally results in overdosng and even
deaths. The most commmon warhing sighs of drag and aleohol abuse
amotg pouth include drop in acaderic performance, Whexplaited
abszence from schoolfoollege, lack of interest in personal higiens.
withdrawal, isolation, depression, fatigue, aggressive and rebellious
behaviour, deteriorating relaticnships with fanly and friends, loss of
interest in hobbies, change in sleeping and eating habits, fluctuations
ity weight, appetite, etc.

There may even be sorme far-rea ching iroplications of dragfaleohol
abuze. If a abitzer is unable o get mohey to buy drggs faleobol he fshe
rmay tum to stealing. The adwverse effects are just oot restricted to the
persor who iz Wsing drugs of aloohol. Af times, a drogSal eohol addict
b corres the cause of mental and financial distre ss tohis Mher entice fangly
and fristids.

-
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Those who talke dougs intravenously (direct injection into the wein
uEng a needle and syritge], are ooich mome likely to acquine sricis
infections lilke AIDS and hepatitiz B. The winises, which are respon sible
for these dizeass s, are transferred ffomn ohe persot o another by shacing
of infected needles and sypinges. Both ATDS and Hepatitis B infection s
am chrotdc infections and ultimately fatal. AIDE can be tran smitted to
otie’s life parther throtigh sesnial contact while Hepatiti z Bis transmitted
thimagh infected blood .

Thess of aledhol during adolescence may also have long-termeffects.
It ol lead toheasy drinleing it adulthood. The chroed c use of dnags and
Aloohol damages nervos systerm and liver (clrrhosls). The uss of drugs
and alcohol during pregdgnancyis also known to adversely affect the fostas.

Ancther izl e of drggds is what certain sportspersots doto ethance
their performan ce. They [fnis)use narcotic analgesics, anabolic steroids,
clireti s and ceftain hofnone s i sports 1o itcreass miscle strength and
bulk and to promote agdessiveness and as a result increase athletic
pedormance. The sde-effects of the wse of anabolic steroids in fermales
include masculinisation [features like males), increa o agfe ss8veness,
mood swings, depressioh, abnormal menstrital cpcles, excesswe hair
growth on the face and bocly, enlargement of clitoris, cdeepening of woice.
In males it incdudes ache, increased agiressiveness, mood swings,
dlepres sotl, reciction of size ofthe testicle s, deceaszed sperm productiot,
potetitial for Kidned and liver dysfunction, breast enlargernent, prerfnatire
baldness, enlargerrent of the prostate gland. These effects may be
permanent with prolonged wse. Inthe adolescent male or female, severe
facial atd bodl ache, and prematire closure of the growth cetite s of the
long bones majyresult in stanted growth.

R.5.4 Prevention and Control

The age-old adage of ‘prewention iz better than cure” holds tnie here alzo
It iz also tre that habits such as smoking, taking drad or aleohol are
mofe likely to be taken up at & Poung age, more during adolescetnce.
Hence, it iz best toidentify the situations that may push an acdole ot
towards use of dougs or aleohaol, and to take meroedial measures well in
time. I thiz regard, the parents and the teachers have a special
respon sbility. Farenting that combines with high lewels of nurtbarance
and cotizistent discdpline, has best associatec with lowered sl of
substance [alcohol/drugs Aobacco]l abuse. Some of the mmeasures
rrentiotied here wolld be particulady wseful for prevention atdl cottnol
of aleohol and drags abuse among acdolescent s
il Aveid unduae peer pressure - Every child has his fher own choice
and perzonality, which should be respected and nurturec. A child
shald ot be pushed wculy to perform bejord his fher threshold
lirrits; be it stidies, sports of other activities.



HiAA N HEALTH AWD DREALE

[i]

[+

Education and counselling - Educating and counselling himm/
her toface problemns and steszes, and to aceepl disappointretit s
and failures as a part oflife. It woald also be worthwhile to channeliss
the chilct s energy into healthy pursuits lile sport s, readitg, ooisc,
yoda and other eatracardcalar activities.

Seeling help from parents and peers - Help from parents and
peers should be sought immediately so that they can guice
appropriately. Help may ewen be sought fiom closs and trasted
friends. Besides getting proper adsvize to sort out their problemns,
this wonild help Joung to vent their feelings of ansiety and guilt.
Looking for danger signs - Alert parents and teachers need to
loole for and idettify the danger sgns discus sed abone. Even friends,
if they find somreone using drugds or aleohol, should not hesitate o
brityg this to the notice of parents or feacherinthe best interests of
the person concemecl Appropriate measures wonld then be requirec
todiagnose the malady and the underlying cause s This wolldd help
i1 initiating proper remrecial steps or treatment.

Secking prafessional and medical help - 410t of helpis awailable
i1 the form of hi ghly qualified psichologizts, pejchiatrists, and de-
addictich and rehabilitation pmogranmes tohelp indisvicials who
have unfortunately gof it the qua gmire of coug Saleohol abss, With
suchhelp, the affected incivichial with sufficient efforts and will power,
can get rid of the problermn cormpletel ¥ and lead a perfectly normal
and healthylife.

SUMMARY

Health iznot jast the abssnes of dissase. It isa state of cornplete phpsical,
mental, social and pspchologicel well-being Diseasss like typhoid,
cholera, prisamonia, fuogsl infections of slhn, malana and meany others
are & major case of distress to lnmnan beings, Vector-borre diseases
lilte malaria especially one ceused by Plasmadiune foleparues, if not
treated, may prove fatal. Besides personal clesnliness and hpgisnes
public health messires lilke proper disposal of waste, decontarnination
of drinlong water, control of wectors lilke mosquitoss and imroanisstion
are very helphal in preventing thess disezses. Our immune spstemn plays
the major role in prevwenting these dissases when we are exposed to
dis=ass-cansing agents. The innate deferces of our body Like =lon,
mucois membranes, sntimicrobial substances present in our tears,
saliva and the phagooytic cells help to block the entry of pathogens
into oar body. I the pathogens suooesd in geining endry to oar body,
specific antibodies (amoral immmuane response] and cells ol mediated
irmmare responss] serve to khll thess pathogens, Inmnuane systermn hes
memory. On subsequent exposure to same pathogen, the mmune
Iespor=e is rapid and more intenss. This forms the basis of protection

-
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afforded by vaccination and immuanisation. Among other disesses, AIDS
¢ and cercer lull a large number of mdividusls worldvide. ATDS caused
: by the human immuno-deficiency wirus [HIV] is fatal but can be
prevented if cartain preceutions are talen Many cencers sre curable if
! detected sarly and sppropriate therapeutic measures ane talen, Of late, 3
i drag and alechol abuse among pouth and adolescents is becoming
¢ another cause of concem. Because of the addictive nature of aloohol :
and drags, and their perceived benefit= lilke relief from stress, a person
I may try talking thess in the face of pesr pressurs, examinations-related
¢ and competitiorrelated stresses. In doing so, he/she mayp get addicted
: to them. Education sbout their hamfiul effects, counselling and sseking

1.

11.

12,
1%,
14.
15,

16.

17.

immediate professional and medical help would totally relisve the
Sy 3 individue] from these evils, :

..................................................................................................................................................................................

CXERCIES

Tithat are the verous public kealth measures, which pou woudd suggest
as safegnard agsinst infectious disezzes?

In which way has the study of biology helped wus to control infectious
diseaszes?

How dioes the transmission of each of the following dissases talke placs?
[2] Arnoebizsis (b Mlzlaria ol Ascarissis Id] Preuromiz
What messure wouwld pou take to prevent water-borne dissas==?

Discuss with pour tescher what does “a suitsble gene’ mesns, in the
context of DA vacoines.

Mame the primary ard secondary Iymnphoid orgars.
The following are some well-kmown abbreviations, which havwe bean
nzed in this chapter. Bxpard each ore to its fall form:

[a] DIALT (bl CII =) AITE [d] Halo

=l HIV

Diffterentiate the following zaxd give exarmples of sach:

2] Irmate ard acquired immunity (b Active and passive ioooarnity
Draw 2 welllabelled diagram of an antibody moleoale.

That are the varows routes by which transmission of Inamer imroo -
deficiency vims tales place?

What is the meachanism by which the ATDS winas couses deficisncy of
imrmare sypstem of the infected person?

How is a carcerous cell different from a normed o=y

Explain what iz meant by metastasis.

List the harmmfid effects caused by alkbolol fdnag abuse.

Do pou think that foends cen influsnce one to tale aloohel fdrags? I
pes, low may ore protect himsslfrherself from such an influstce?
Why is that once & person starts talang alecohol or druags, it is difficalt
to gt mid of this habit? Discuss it with pour teacher.

In pour wiew what motivates poumgsters to take to aloohol or doags and
hoaw can this be zecided?



CHAPTER 9

STRATEGIES FOR ENHANCEMENT
IN FOOD PRODUCTION

al
LEIE)
a2
a4

Arniznal Hus bandm
Flart Breeding
Single Cell Froteins
Tizzrie Crafroe

With ewer-increasing population of the world,
etihancerrent of food prochuction is 4 major necessity.
Biclogical principles as applied to anitnal husbancry and
Plant breeding hate a mmajor fole it our efforts to incease
food production. Several new techniques like embrjo
tranafer techinology atd tissue cultie techihique s are goitg
toplay a pivotal rdein further enhancing foocd procha chice.

21 At Bimpamimy

Anitrnal i sbandry is the agricultural practice of breecing
et raising livestock. As such itis a vital sl for fammers
and iz a5 mach science a5 itis art. Animal husbandoy
ceals with the came and breeding of livestock like buaffaloes,
cows, pigs, hors2s, cattle, sheep, camels, goats, et that
are ussful 0 humans, Estencded, it includes poultry
farrming and fisheries. Fishere s include rearing, catchitg,
selling, etc., of fish, molluses [shellfish)] and ustaceans
[Framis, crabs, eto]. Since e inmrennorial, anirre] s lile
bees, sille-wormn, prawns, crabs, fishes, bimls, pigs, cattle,
sheep atd camels have best wsed by hurmans for procha cts
lilee milk, edgs, moeat, wodl, slk, honey, et

It iz estirnated] that more then 70 per cett of the world
livestock population iz in India and China. However, it iz
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surprising tonote that the contribuation tothe world farm prochice is only
26 per cent, i.e., the procuctivity per wnit iz very low. Henee, inadchition
to convenitional pra ctices of anirmal breeding and care, newer technologies
alzohave 1o be applied to achisve itnprosenrent it quality anc procuctivaty.

0.1.1 Manzgemend of Farmas and Farm Animals

& priofessional appmach o what have been traditional practices of farm
rmanagerment gives the omich needed boost to our food prochictic. Letus
discuss sorme of the management procechire s, eniplofed i wa o s anirmal
farmm systens.

89.1.1.1 Dady Form Managerment

Dairging iz the managferment of animals for mille and its procducts for
human consurmpticn.  Saon gols st thee anonals Gt gou toewdd exgect
to find n o daiy? What are different kinds of products foit can be
frtoe Lol relk frons a dairy e s I dairy farm managdement, we deal
with process=s and systems that increase jdeld and improee quality of
rrille, Tvlille field is primarily dependent on the quality of breeds in the
farm Selection of good breeds having high jHelding potential [uncer the
clitnati c cofaditiotys of the area), combitied with resistatice todiseasesis
very itnportant. For the yeld potenitial 1o be realized the cattle have 1o be
well looked after — they have to be housed well, showld have adeguate
water and be maintained dissasze free. The feeding of cattle should be
carried outin a scientific manner —with special emphasis on the quality
andquantityof fodder. Besides, stringent deanliness and hydiens [both
of the cattle and the handlers) are of pararoount itoportatcs while modlkang,
storage andtransport of the milke and its procitcts. Nowacays, of oourse,
rrach of the s proces s s have beconne mechanized, which educes chance
of dire ot contact of the prochuce with the hander. Ensunng these stringetit
mreasime s would of course, require regular inspecticns, with proper record
keeepitng. It wotdd also help to identify and rectify the problems as early
aspossible. Regular wisits by a veterinary doctor would be mandatory.

Touw wolld probably find it interesting if jow were o prepare a
qQue stionnaire on civer s aspects of dairy eeping and then ollow it up with
a wait to adairy farmin pour locality and seelk answers to the questicts.

8.1.1.%2 Poudtry Fann Managerment

Foultry iz the class of domesticated fowl [birds) wsed for fooc or for their
eggs. They tipicallyiticluce chicken and ducles, and sometitres turkey and
geese. The woml poulicy is often wsed o refer to the meat of only these birds,
biat ity & moore genieral senss it may refer to the neat o other birds too.

Az in dairy famning, selection of disease ffee and suitable breecds,
proper and safe farm condition s, proper fzec and water, and higiens and
health came are itnportant cofmpotents of poultoy famn management.
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You may have seen TV news or read newspaper—
reports about the ‘bird flu virus’ which created a scare in
the country and drastically affected egg and chicken
consumption. Find out more about it and disctss whether
the panic reaction was justified. How can we prevent the
spread of the flu in case some chicken are infected?

9.1.2 Animal Breeding

Breeding of animals is an important aspect of animal
husbandry. Animal breeding aims at increasing the yield
of animals and improving the desirable qualities of the
produce. For what kind of characters would we breed
animals? Would the selection of characters differ with
the choice of animals?

What do we understand by the term ‘breed? A group
of animals related by descent and similar in most characters
like general appearance, features, size, configuration, etc.,
are said to belong to a breed. Find out the names of some
corrimon breeds of caitle and pouliry in the farms of your
arect

When breeding is between animals of the same breed it
is called inbreeding, while crosses between different breeds
are called outbreeding.

Inbreeding : Inbreeding refers to the mating of more

closely related individuals within the same breed for 4-

6 generations. The breeding strategy is as follows — superior males and
superior females of the same breed are identified and mated in pairs.
The progeny obtained from such matings are evaluated and superior
males and females among them are identified for further mating, A
superior female, in the case of cattle, is the cow or buttalo that produces
more milk per lactation. On the other hand, a superior male is the bull,
which gives rise to superior progeny as compared to those of other
males.

Try to recollect the homozygous purclines developed by Mendel as
discussed in Chapter 5. A similar strategy is used for developing purelines
in cattle as was used in case of peas. Inbreeding increases homozygosity.
Thus inbreeding is necessary if we want to evolve a pureline in any animal.
Inbreeding exposes harmful recessive genes thatare eliminated by selection.
It also helps in accumulation of superior genes and elimination of less
desirable genes. Therefore, this approach, where there is selection at each
step, increases the productivity of inbred population. However, continued
inbreeding, especially close inbreeding, usually reduces fertility and even
productivity. This is called inbreeding depression. Whenever this becomes
a problem, selected animals of the breeding population should be mated

Figure 9.1 Improved breed of
cattle and chickens
{a) Jersey (b) Leghomn
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with unrelated superior animals of the same breed, This usually helps
restore fertility andyield,

Out-breeding : Cut-breeding iz the breeding of the unrelated animals,
which may be between individuals of the same breed (but having no
common ancestors), or between different breeds (cross-breeding) or
different species (inter-gpecific hybridization).

hit-crossing: This iz the practice of mating of animals within the zame
breed, but having no commeon ancestors on either zide of their pedigree
up to 4-8 generations, The offspring of such a mating is known az an
out-crozz, It iz the best breeding method for animals that are
below average in productivity in milk production, growth rate in beef
cattle, ete, & single outeross often helps to owvercome inbreeding
depression,

Cross-breeding: [n this method, superior males of one breed are mated
with superior females of another breed. Cross-breeding allows the
degirable qualities of two different breeds to be combined. The progeny
hybrid animals may themselves be uszed for commercial production,
Alternatively, they may be subjected to some form of inbreeding and
zelection to develop new stable breeds that may be superior to the existing
breeds, Many new animal breeds have been dewveloped by this approach.
Hizardale iz a new breed of sheep developed in Punjab by crossing
Bikaneriewes andMarina rams,

Interspecific hybridisation: In this method, male and female animals
of twa different species are mated, In some cazes, the progeny may combine
desirable features of both the parents, and may be of conziderable
economic value, e.g., the mule (Figure 9.4). Do pou krow what cross
teads to the production of the mule ¥

Controlled breeding experiments are carried out using artifieial
insemination. The semen is collected from the male that
iz chozen as a parent and injected into the reproductive
tract of the zelected female by the breeder, The semen
may be uzed immediately or can be frozen and used at a
later date, [t can also be transported in a frozen form to
where the female iz housed. In this way dezirable matings
are carried, Artificial insemination helps us overcome
geveral problems of normal matings, Can pou discuss
and st some of them?

Dften, the success rate of crogzing mature male and

e 9.2 Mule female animals iz fairly low even though artificial

ingsemination iz carried out. To itnprowve chances of
successiul production of kybrids, other means are alzo used, Multiple
Owvulation Embryo Transfer Technology (MMOET) iz one zuch
programme for herd improvement, In thiz method, a cow iz adminizterad
hormotes, with FEH-like activity, to induce follicular maturation and super
ovulation - instead of one egg, which they nonmally yield per cyele, they
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prochice 6-5 gids. The aninial iseither mated with an elite buall or artifici ally
inserminated. The fertilized egds at 5—532 cells stages, are recoverscl nof-
surgeally and transfermed to surrogate roothers. The genetic mother is
available for another rouncd of super ovulation. This technology has been
cermonstrated for cattle, sheep, rabbits, buffaloss, mares, etc. High mailke-
tielding breeds of females and high gquality lean meat with less lipid)
mreat-fielding fills have been bred successfinlly to increase herd size it
a shart tine.

9.1.3 Bee-keeping

Bee-keeping orapleuliure iz the maintenance of hives of honetbee s for
the procuctionof honey. Ithas been an age-old cottage industry. Honey
is a food of high nutritive walue and also finds wse in the indigenous
systerms of medh cine. Honejbes al soprodiices besswax, which fincs mangy
uses inincdustry, such as in the preparation of cosmetics and polishes of
warion s Kitds. The increased dermand of honey has led to large- scale bee-
kesping practices, it has become an established incore generating
itcdustry, whether practiced o 2 soall of of 2 lange scale.

Bes-keepin g can be practiced in any area where there ae sufficent
bee pastumes of some wild shrubs, fmit orchards and cultivated cmops.
There are szveral species of hoteybess which can be reared Of these, the
most commioty species is Apls indiod, Beshives can be kept in ones
coiartiarnd, of the verandah of the howss of even oh the roof. Bee-keeqiti g
iz not labour-intensve.

Bee-keepitng though relatisely easy doss require sone spedalised
kenowledge and there are ssveral organisation s that teach bee-keeping.
The following poitits are irnportant for successful bee-keeping:

[l Enowledge of the nature and habits of bees,
[ii] Selectionof suitable location for keeping the beshiwes,
[iii] Catching andhiving of swamns (groap of bees] ,
¥ Managerent of beehives during cifferent seasons, ancd
M Hancllitg atd collection dfhoreyancof beeswas. Bee s am the pdlitators
of mratyof our ciop spedes (=2 chapter 2] such as sunflower, Srassiod,
apple atd pear. Eesping bechives it orop feld s charing flowerit g period]
increases pollination efficiency and itnproswes the Jield-bensficial both
frorn the podtrt of wew of orop 3eld and honey weld.

5.1.4 Hisheries

Fisheryis an incdu stry deswoted tothe catching, proces sing or selling of fish,
shellfish or other aquatic ahitmals. A large number of our popidation is
ceperndent on fish, fish prochicts and dher aquatic anitmals such as praw,
crab, Iobeter, edible ayater, ete., forfood. Some of the fieshwater fishes which
afe Very comdnot itchuiacle Catla, Fohoeand conmnod carp. Some of the marine
fishes that are eaten inchace — Hisa, Sardines, Iackerel anc Formfrets.
Fnd out ofuat fighes are commmondy edben (i gour ared.

-
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Fisheries has animportant place it Indian econongy. It poovice s incoore
and employment tormillicns of fishermren and famers, particularly inthe
coastal states. For mang, itis the only souree of their ivelibhood. Inoncder
to meet the increasing demmands on fizheries, different techniques have
been emploted toin drease production. For exanple, through aquaciltice
and piscicilture we have been able toincrease the prociuction of aquatic
planits ancd animals, both fresh-water and maritne, Fnd ook the diTerence
bettoesn pisciculiure and aquaciditge. This has led to the dewveloprorent
atid flourishing of the fzhery industry, and it has brought a lot ofincome
to the farmrers in particilar and the countryin general | We nom talke abot
‘Blus Rewvolution” as being imnplemented along the same lines as “Green
Bevoliutioe’.

0.2 Prawr Brenpmg

Traditional farming canonly jeld a limited biornaes s, as food for humans
and animals. Better managenent practices ancd increa s in acreafe can
increase yield, but only to alimdted extent. Flant breecling as a techhology
has helped increase yelds to a wery large extent. Whoin India has not
heard of Green Rewolution which was msponsible for our ooty to
not merely meet the national equirerrents in food procduction buat also
helped 1s even to export it Green revolution wa s depeticent to a large
gatent on plant breeding techhiques for developrrett of high-fhelcitng anc
clizea =2 resistant varieties in wheat, rice, maire, etc.

9.2.1 What is Flant Breeding?

Flant breeditig iz the parpossil manipualation o plant species it omder to
cieate desired plant types that are better suited for cultivation, give better
yields and am dissase msistant. Oonventional plant breeding has been
practicedforthioisands of ears, sitce the begnining of biirnan civilisatios;
recomied evidence of plant breeding dates baclc oS, 000-11,000 years ago.
Many presnt-day crops ame the mault of dormestication it ancient tines.
Todagr, all our major food crops are derived fiom doresticated vaneties.
Clazsical plant breeding itwolves crossing or hybndisation of pum lines,
follompec] by artificial sslection toprmochice plattt s with cesirable traits of higher
yigld, nutrition ancd resstance todiseasss. With advancerments in genetics,
molecidar biologdy and tizsie cultue, plant brescing is now increasingy
being carted out by wusing molecular genetic tools.

Ifwe were to list the traits or characters that the breeders have triecd to
incorporate into ooop plants, the first we wolld list would be it creased
crop yield and improsed quality. Inceased tolerance toenvironmental
stiesse s [salinity, exteme femperatume s, doought], resistancs to pathogens
[wird s2 s, futgi and bacteria) and inceaszed tolerance to ingct pests wolld
be oty our list too.
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Flant breeding programmnes are carmied out in a spstermatic way

worldwide—it governirent institutiohs and conmercial comrpanies. The
main steps in breecing a new genetic variety of a crop are -

li]

[i1]

i

(i)

)

Collection of variabilityr Cenetic wafability is the root of any
breedingg prograrne. I many oiops pre-eaisting genetic variability
iz available oo wild relatives of the crop. Collection anc preservation
of all the differemnt wild warietie s, species and relatives of the cultivated
species [followed by their ewaluation for their characteri=tics is a
pre-requisite for effective exploitation of natural genes available in
the populatichis. The entire collection (of plants fseecs) having all
the diverse alleles for all genes in a given coop is callec germ plasm
collection.

Evaluaiion and selection of parenis: The germpla st is evaluated
&0 a3 to icentify plants with cdesirable combination of characters.
The selected plants are moultiplied and used in the process of
hytbridization. Puelines ame created wherever desirable and possible.

Cross hybridisation ameong the selected parents: The desired
characters have weryoftet to be cormbited fiom two different platts
[parents], for example high protein quality of one parent may neec
tobe cormbited with di z2aze resistance fom another paent. This iz
possible by cross hibridizing the two parents 1o prochice hybrids
that getetically combite the desited characters inone plant. Thisis
a very time-consuming and tedious process since the pollen
graitis fromn the desitable plant chosen as male parent have to be
collected and placed of the stigma of the owers selected as fermale
parent [n chapter 2 details on how 10 make crosses have been
cescribed]. Also, itis hof neces zary that the hybrics do combitie the
fesirable characters; wswally only one it few hundred to a thousand
cfozsEs show s the desirable combination.

Selection and testing of superior recombinanis: This step
ootsists of selecting, anot g the progety of the hibrics, those plants
that hawe the cdesired character combination. The sslection process is
criacial tothe success of the breeding objective and equires careful
soientific ewaluation of the progeny. This step yields plants that are
superior to both of the paretits [ery often more than ote s3penior
progety plant may becormne available]. These are self-pollitated for
sveral Ererations till they mach a state of wiformaty horosygosty.,
s that the characters will not segregate it the progeny.

Testing, release and commercilisation ¢f new cultivars: The
tiewl ¥ selected lines ame ewaluated for their weld and other agrotormc
traits of quality, diseass resistatice, etc. This evaluatioh is done by
gromityg the s in the ressarch fields and recondit g their performance
under ideal fertiliser application irrigation, and other crop
ranagerent practices. The evaliiation in research fields is ollowed

-
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b testing the materiasls in farmers fields, for at least three growing
seasons at seversl locations in the country, representing all the
agroclimatic zones where the cropis usually grown, The material is
evaluated in comparizon tothe best availablelocal crop cultiver —a
check or reference cultivar,

India iz mainly an agricultural country, Agriculture accounts
for approdmately 33 per cent of Indig's GDP and employs nearly
54 per cent of the population, After Indis’z independence, one of the main
challenges facing the country wa s that of producing enough food for the
increasing popalation, As only imited land is fit for culbvation, hdia has
to strive to increase vields per unit area from exdsting farm land, The
development of several high wielding warieties of wheat and rice in the
mid- 1960z, aza result of variou s plant breeding teckni ques led to dramatic
increazeinfood productonin our country, Thiz phasze iz often referred
to as the Green Rewolution. Figure 9.5 represents some Indisn hybrid
crops of high weilding warieties,

EY (B)

[c]

Figure 9.3 Zome Incisn hybrid crops: (&) Maize: (b Wheat; (¢l Garden peas
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Wheat and Rice: Durning the period 1560 to 2000, wheat prochiction
icreased fiom 1 1 millioh tone s 10 76 mnllion tofite s while rice prochs chiot
wet1t up oo 35 mallion tottes to 3895 oallioh tonnes. This was doe o the
deweloprent of serri-dwarf varieties of wheat and rice. Naobel laureats
Morman E. Borlag, at nternatiotnal Centre for Wheat and Iaize
Imnprosemrent in bMexico, deieloped semi-dwarf wheat, In 19683, several
warieties such as 2onaidorand Kalyan Sond, which were high felcing atnd
clisease resistant, wem introduced all over the wheat - growing belt of India.
Serri-chwart rice varietie s were derived from [E-S, [developed at Internaticnal
Rirz Ressarch Institute [RED), Philippines] atd Taichung Mative-1 [from
Taiwaty). The derivatives were intmchaced i 196 6. Later better -jielding serm-
cwarf varieties Jaya atd Eatng were developed it India.

Sugar cane: Saochuamiss barbeni wa s originally gmown in north India, Bt
had poor sugar content and yield. Tropical canes grown in south India
Sacdhuame officinaris had thicker stems and higher sugar content bt
chid not. grome well in north India. Thess two species were successfully
crossec to get sugar cane varieties combining the desirable qualities of
high #ield, thick sterns, high sugar and ability to grow in the sugdar cane
area s of north India.

Milleis: Hybrid mmaize, jowar and bajra have been suceessiully developed
itn India. Hybrid breeding have led to the dewvelopment of sevweral high
wielcit g varisties wsistant towater stess.

9.2.2 Plant Breeding for Disease Resistance

Awide range of fungl, bacterial and wiral pathogens, affect the jield of
ciltivated crop specie s, especially in tropical dimates. Crop losses can
often be signifi cant, up to 20-30 per cent, or sometinmes even total. Inthis
sitwation, breeding and dewvelopment of cultivars resistant to disease
enhances food production. This also helps meduce the depencence on
use of fungoides and bacteriocides. Resistance of the host plant is the
ability o prevent the pathogen fromn causng disease and is determnitec
by the genetic constitution of the host plant. Before breecling is
undertalen, it iz important to know about the causative organismm atd
the rmocke of transmission. Some of thediseases caused by fungi are masts,
& &.. bromety ritst of wheat, red rot of sugarcans and late blight of potato;
by bacteria-black rot of crucifers; and by wirises —1obacco osadic,
turnip mosaic, ete.

Methods of breeding for disease resistance: BEresding is carried
ot by the conventional breeding techniques [described earlier) or by
ritation breeding. The conventicnal method of breeding for dizease
mesistance is that of hybridisation and selection. It's steps are essentially
identical tothose for breecing for any other agrotnomme characters such
as high yield. The various sequential steps are | scmening germpla s

-
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for resstance sources, hybndisation of selected parents, selection and
evaliration of the hybrids and testing and release of new varieties,

Some crop varieties bred by hybridization and selection, for
dizeaze resistance to fung, bacteria and wiral dizeases am released
[Table©.1].

Table 9.1
Th et Hirwgirl Leaf and stripe nest, bl Bunt
: Brmzsiod Fusa swarmin Thite nest
(s ri)
: Caudyfourer Pusa Shuthra, Bimck rob amd Curi
Pusa Srobali E-1 blight black rot
Conpea Pusa Eornai EBacteriat bight
L Chll Puza Stdaiabar Chifly mesals v,
Tabadea masalis s
mrd Leaf curl

Corventional breeding iz often constrained by the availability of lirmited
nuummber of dizease resistance genes that are present and identified in
Vvarioiis crop varieties or wild relatives. Inducing toatations in plants
through diverse means and then screening the plant materials for
resistance sometitnes leads o desitable genes being identified. Flants
having theze desirable characters can then be either roodtiplied directly
or can be used in breeding. Other breeding methods that are used are
selectioh arnong st somaclonal variants ancd genetic enginesring.

Mutation iz the pmocess by which genetic variations am created
thmugh changes in the baze squence within genes [see Chapter 5)
resulting in the creation o & new character ortrait not fouand in the parental
type. Itis possible toindiuce ooatation s artificiall ¥ throough wse o chermcals
or rachations (lilke Fanarme radiations), and selecting and using the plants
thathawe the desirable character as a souroe in breedit §— this promess is
called mutation breeding. In oong bean, resistance to jellow mosaic
wiris and powcery mldew were induced by rataticns.

Several wild rel ative s of different cultivated specie s of plants hatve been
show to have certait resistant characters but have werylow feld. Hence,
there iz a need to introdhuce the resistant genes into the high-jielding
ciltivated warieties. Resistance to fellow mosaic virus in bhundd
[Abelmoschis esculeniies] was transferred from a wild species and
resulted it a new variety of A esculentus called Parbuand krant
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Al the abowe examnples involwe sounces Of (B sistance gnes that anein
the zame ofop species, which has tobe bred for di s2as resstance, orina
mlated wild species Transfer of resistance geties is achiewed by sexual
hybridizaticn between the target and the source plant followed by
sElecticot.

9.2.3 Plant Breeding for Developing Resistance
Lo lnsect Pesis

Ancther major canss for large scale destruction of crop plant and crop
prochice is inssct and pest infe station. nsect res stanos in host coop plants
tray be due tionorphd ogical, biocherrical or physiclogical characteristics.
Hairy leaves in several plants are associated with e sistance toinsect pests,
&4, esstance tojassids in cotton and cereal leaf besfle in wheat, In wheat,
s0lid sterns lead to non-preference by the stern saudly and smooth leated
and nectar-less cotton varietie s donot attract bollworms. High aspartic
arid, low nitroget and sugdar content it meire leads toresistance tomains
stern borers.

Breeding methods for insect pest resistance inwolve the same steps as
those for any other agrotnomm c trait such as yield or quality and are as
discussed abowve. Sources of resistance gnes may be cultivated warieties,
germplasm collections of the erop or wild relatives.

Somre released] oop waristies bred by hibridisation and selection, for
insect pest esistance are given in Table S 2.

Table .2
Cmp "lu'n.net;-' Insect Pests
: Brassiba Pusa . Gauran Aphids
(rapreseed mustard)
: Flat bean FPusa Sern 2, Jaszids, aphids and
Pusa Sern 3 St Barer
Ol (Bhirdi) Pusa Sauram Sheok ard Fruit borer
Pusa A2

8.2.4 Plant Breeding for Improved Food Quality

Miore than 240 million pecple in the world do oot have adequate food 1o
rrest their daily food and nutrtionae] requirernent s & far greater fumber —
three billicty people — suffer o o crofutrient, protein and Wtammn
ceficiences or hidden hunger becau s they cannot afford tobugy encugh
friaits, wegetables, legunes, fish and meat. Diets lacking essential
rricronitrient s — particidarly inon, vitammt A, iodite and Zine — incease
the risk for disease, reduce lifespan and reduce mental abilities.
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Blofortificailon — breeding crops with higher lesels of witarming ancd
rritierals, of higher proteit atd healthier fatz —is the most practical means
to improsve public health.
Breeding for improved nitritional quality iz andertaken with the

objectives of irmprosing —

[i Protein conitent andguality;

(i il cotitent atd quality;

[ii] Witarnitl cotitent; afnd

(¥ Micronutrient and mineral cotitent.

Ity 2000, maize hytrids that had twice the amount of the anmno acdcs,
lysine and tryptophan, compared o0 existing maire hybrids were
deweloped. Wheat variety, Atlas 66, having a high protein content, has
been 1 sed a5 a donor fof itnprosing ciltivated wheat. It has been possible
to develop animn-fortified rice vanety containing over five tirne s a5 moach
irot1 as it cofrohl F consured varieties.

The Inchian Agricultiral Besearch Institute, Mew Delhi has alsoreleasecd
several vegetable crops that are rich in witamins and noinerals e g | vitamin
& enfiched cammots, spinach, pummplin; vitarnin © etriched bitter gourd,
Bratiwed, food stard, tormeto; iton and calcitm enfiched spitiach and bathr,
and protein enriched bean s — broad, lablab, Fretich and gamlen peas.

%, 5 BmGie Cein Mrorem (SR

Cotwvetitional agricultural procuction of cereals, pulses, vegetables, fruts,
gte., may ot be able to meet the demand of food at the rate at which
human and animel popalation is increasing, The shift from grain tomeat
diets also creates more detnand for cemals as it takes 5-10 Eg of grain to
prociuce 1 Eg of meat by animal farmrng. San gou explon this stolerment
ke Tighut of o knooledge of Jood chains? More than 25 per cent of
htrman popialation iz suffering from hithger and melnatriticg. Cre of the
alternate sources of proteins oranimal and human nutrition iz Sngle
Cell Proiein (SCF).

Mlicrobes are being growen ot ah incdistrial scale as souree of goodd
protein. hiicrobes like Spiruding can be grown easily on materials like
waste water from potato proessing plants [containing starch], straw,
rolasses, atimal mahniire and even swagde, 1o prociie: large quatitities
and can serwe as food rich in protein, minerals, fats, carbohjdrate and
witamins Incidentally such utilisation also recduces envronmental
polluticn.

It has been caleudated that a 250 EF cow prochaces 200 F of protein
per cay. It the same perod, 25040 0f a i cro-orgati sm lile Methy lophils
trethylotrophies, becatze of itz high rate of biomass production and
grometh, can be expected to produce 25 tonnes of protein. The fact that
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rrashrooms are eaten by many people and larg scale o shroorm oalbare
is a growing incdiistry makes it beliewable that oicnobes toowolld becorne
acceptable as foodl

5.4 Twmsre CULTHRE

Az tradition al breeding techniques failed to keep pace with demand and
to prowide sufficiently fast and efficient spstems for aoop improvement,
another techtology called tissue culture gof developec What does tssue
culture mean? It was learnt by scientists, during 15505, that whole
plants could be regenerated from explants, i.e., any part of a plant taken
ot atacl gromen it A test tube, under sterile concitichs it special nutrent
mredia. Thiz capacity to generate a whole plant from any cell fexplant is
called totlpotency. Yo will learn how to accornplish this in higher
classes It iz important o streszs here that the nutrient mediumm ooast
provice a carbon source such as sucmse and also inorganic salts,
wtamin s, anino acids and growth regulators like auzins, cytolinin s
gtec. By application of the = methods it is possible toachieve propaggdation
of a larde number of plants in very short durations. This method of
proclucing thousands of plant s throwugh tissue culture is called micro-
propagation. Each of thes plants will be genetically identical to the
arigitial plant from which they were grown, ie., they are somaclones.
Many iportant food plants lile tomato, banana, apple, eto., have been
prochiced on cofmimercial scale wsing this nethod. Toy to wsit a tissue
culture laboratory with jpour teacher tobetter understand and appredate
the proce ss.

Ancther itnportant applicatict of the oethod is the meoovery of healthy
plants from diseazed plants. Although the plant is infected with a wiruas,
the merlstem [apical and axillary]is free of wirus. Hence, ang can memoee
the mefstern and goow it o cdre to obtain Wimns-free plants Scentizts
hase succeecded it culturing redstems O bahana, sugarcane, potato, eto

Srientizts have even isolated single cells from plants and after
digesting their cell walls hawve been able to isolate nalked protoplasts
[surrouncled by plasma oembranes]. Isolated protoplasts fom two
different varieties of plants — each having a desirable character — can be
fiused to get hivbrid protoplasts, which can be further grown o fom a
tiew plant. These hybrids are called somatic hybrids while the pmooess
is called somatic hybridisatlon. Imagne a situation when a protoplast
of tommato iz fitsed with that of potato, and then they are grow — 1o form
tiew hybrid plants combinit g tomato and potato characteristics. Well,
thiz has been achieved — resulting in formoation of tometo; unfort unatel
this platit did ot have all the desired combitiation of characterstics for
itz comrrercial utilization.

-
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SUMMARY

Anirnal boashendry is the practice of taling cere and bresding domestic
animals by applying scientific principles. The ever-increasing demarnd
of food from amimals and smimal products both in termas of quality and
quantity has been met by good animal husbendry practices. Thess
practices include (i) menagement of farm and farm animals, and (i)
sriraal breeding. In wiew of the high nutntive value of horey and its
medicins] importancs, there has been a remarkable growth in the practice
of beelresping or spiculture. Fishery is another flowrishing mdustry
meeting the ever-irrreasing demand for fish, fich products ard other
aquatic foods. I

Flant breeding may be used o creste varieties, which are resistart
to pathogens ard to insect pests. This incresses the yield of the food.
This method has also been used to incresse the protein content of the
plant foods and thereby enheance the quality of food. In India, ssweral
varieties of differarnt crop plants have been produced . Al thess messures
enhance the production of food. Techriques of tizsue culture and
somnatic hpbndisation offer wast potentizl for meanipiadation of plants o :
mitra to produce new varieties. :

CAERCIDES

1. Eaplain in brief the role of animal lhusbandoy in o an weltans.

2. Ifpour familyowned 2 dairy famm, what measure s would pon arndertales
to i prowe the quality and quantity of milk production?

2. What is meant by the term “breed™ What are the objectives of animal
bresding?

4. Mame the method sem ploped in anim sl breeding, According to o which
of the method s iz best? Wlhn?

b, What i= apiculture™ How iz it i portant in our live =Y

6. Discuss the role of fishery in enhancement of food production

7. Briefly describe various steps inwlved in plant breeding.

8.  Eaplain whatis meant by bicfortification.

5. Which part of the plant iz best suited for malting vinaisfres plants and

wihy?

. Whatis themajor advantageof producing plants by micropropagation?

11. Find out what the warious components of the medium ws=d for
propagation of an explant i witro are?

12 Mame ang five hybrid varisties of crop plants which hamwe beet demeloped
in Irndia.
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CHAPTER 10

MICROBES IN HUMAN WELFARE

101 Microbes inHocsehald
Produicts

102 Microbes infndies rial
Froduicts

102 Micrdbes muFeunmge
Treatment

I0d Microbes in Frodustion of
Eiagas

I0E Microbes as Blacondral
Agents

I0G Micrabes az Biofertilizers

Besides macmscopic plants and animals, microbes are
the major cormporent s of biological systerns on this earth.
o have studied about the diversity of living orgatd sms
i1 Clazs HI. D you rerernber which Kingdonts afmong
e liing OFganishes conbain scro-organisms s Which are
the ones that are oniy ficrescopic? Microbes are presetit
everywhere —in soil, water, aif, inside our boclies and that
of other animrals and plants. They ae present even at sites
where no other life -form could pos sibly ead st —sites such
as deep inside the deysers [thermal vents) where the
temmperature may be as high as 100%2, deep in the soil,
uncerthe lajers of snow sveral netmes thick, and in highly
acidic enwironmrents. Microbes are diverse—protozoa,
bacteria, fung and oicroscopic platts vintsss, Wioics atd
#lz0 priotis that ae proteitacions indes chiols afents. Bome
of the microbes are showsn in Figures 1001 and 1002,

hlicmbes like bacteria and many fungi can be goown
o1 rutritive mecia to form colonie s [Figure 10.3], that can
b= seenwith the nakedejes. Such cultures are wsefid in
stuclies on e o-0r ga1i S s,



(a)

(b)

(c)

Figurel0.1l Bacteria: () Rod-shaped,
magnified 1500X; (b) Spherical
shaped, magnified 1500X; (c) A rod-
shaped bacterium showing flagella,
magnified 50,000X

(a)

BIOLOGY

(c)

Figure 10.2 Viruses: (a) A bacteriophage; (b)
Adenovirus which causes respiratory
infections; (c) Rod-shaped Tobacco

Mosaic Virus (TMV). Magnified about
1,00,000-1,50,000X

Fungal colony

(b)

Figure 10.3 (a) Colonies of bacteria growing in a petri dish;
(b) Fungal colony growing in a petri dish
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In chapter &, you have ead that microbes canse a large number of
diseases in human beings. They also causs diseases in animals and plants.
Bt thi s shotld not mmalee o thind that all mmicrobes are harmofial, several
rricrobes am useful to man indiverse ways. Some of the ot inportant
cotrtribation s of ricmobes to human welfare are ci scussed in this chapter

10,5 Moroess m HonseEmorn FrRoOGUOTS

Ty would be surprised o know that we Wse microbes of pmochicts
derived from them everjpday. & comonon exarple iz the production of
curd from milk. Micro-organisms such as Ladobaolins and others
corrrmonly called lactle acld bacteria (LAB) grow in mdlk and consert it
to curd. During growth, the LAE pmoduce acids that coagfulate and
partially digest the mlk proteins. A small amooiant of cuird acded to the
fresh milk as inoculum or starter contain millions of LaB, which at
suitable temperatures multiply, thas converting milk to curd, which
alsn improves its nutritional quality by incea sing witamin B, In our
stormach too, the LAR play wery beneficial role in checking cisease-
CAlE g micmbes.

The dough, which iz 1sed for making foods such as dossand G iz
alsofermrented by bactera. The puffed-up appearance of dough iz due to
the prochictices of CO, gas. Canogou el which reetabolic pathuoay s
taking place resulting n the forsabion of GO Where do gou thaink the
bercterna, Jor these fermeniations cone from? Simdlarly the dough, which
iz wsed for making bread, is fermented using baker's jpeast
[Saccharofyoes cerensoe]. A number of traditional drinks and foods
are alz0 made by fEroentation by the microbes. “Toddy, & traditional
cirinike of somme parts of soitthern cia is made by fermenting sap fiom
palms. Microbes are alzo zed to ferment fish, sopabean and bamboo-
shoots to make foods. Chesse, is one of the oldest food itermns in which
rmicrobes were wsed Different warieties of cheese are known by their
characteristic teature, flavour and taste, the specifidty conmng from the
rmicrobes wsec For example, the large holes it *Swiss chee =" am due to
production of a large amount of CO_ by a bacterium named
Fropionibacterivmm shuarmani.. The Rogquefort cheese” are ripened by
growitg & spe cific fungion thern, which Gvwes thema particular flasour

10.2 hiopoess m lepuUsTRIA. PRODITCTS

Esen it industry, oicrobe s ae wsed to synthe size a number of products
waluable to hurmen beings. Beverage s and antibiotics are somne examples.
Froduction an anindustrial scale, requires growing microbe 5 in very langes
wessels called fermentors (Figire 10.4).
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Figure 10.4 Fermentors

Figure 10.5 Fermentation Plant

BOLOGY

10.2.1 Fermentied Beverages

Microbes especially yeasts have been used from
time immemorial for the production of beverages
like wine, beer, whisky, brandy or rum. For this
purpose the same ycast Saccharomyces
cerevisiae used for bread-making and
commonly called brewer’s veast, is used for
fermenting malted cereals and fruit juices. to
produce ethanol. Do you recollect the metabolic
reactions, which result in the production of
ethanol by yeast? Depending on the type of the
raw material used for fermentation and the type
of processing (with or without distillation)
i different types of alcoholic drinks are obtained.

' Wine and beer are produced without distillation
whereas whisky, brandy and rum are produced
by distillation of the fermented broth. The
photograph of a fermentation plant is shown in
Figure 10.5.

16.2.2 Antibiotics

Antibiotics produced by microbes are regarded
as one of the most significant discoveries of the
twentieth century and have greatly contributed
towards the welfare of the human society. Anttis

a Greek word that means ‘against’, and biomeans
life’, together they mean ‘against life’ (in the
context of disease causing organisms); whereas with reference to human
beings, they are ‘pro life’ and not against. Antibiotics are chemical
substances, which are produced by some microbes and can kill or retard
the growth of other (disease-causing) microbes.

You are familiar with the commonly used antibiotic Penicillin, Do you
know that Penicillin was the first antibiotic to be discovered, and itwas a
chance discovery? Alexander Fleming while working on Staphylococct
bacteria, once observed amould growing in one of his unwashed culture
plates around which Staphylococet could not grow. He found out that it
was due to a chemical produced by the mould and he named it Penicillin
after the mould Penicillium notatum. However, its full potential as an
effective antibiotic was established much later by Ernest Chain and
Howard Florey. This antibiotic was extensively used to treat American
soldiers wounded in World War II. Fleming, Chain and Florey were awarded
the Nobel Prize in 1945, for this discovery.
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After Penicillin, other antibiotics were also purified from other
mhcrobes. Can ot ndfee ot ofher antlbiotics and find oul thed
sources Antibiotics have greatly impmoted our capacity to treat deadly
cizases such as plague, whooping cough [(kal khuansd], diphtheria [ ged
ghot and leprosy (kushd rogl, which wsed to kil oollions all over the
globe, Today, we cathot imagine a world without antibiotics.

10.2.3 Chemicals, Enzymes and other Bicactive Molerules

Mlicrobes are also used for commrercial and industnial proocduction of
certaity chernicals like organic acds, aloohols and encpmes. Exarmples of
acid producers are Aspergiives niger [a fungas) of citric acid, Acetobacter
et [A b cterium) of acetic add, Clostriditm butylicun: 2 bacteriuom] of
Butyric acid and Lactobaciives (4 bacteriun) of lactic acid.

Tea st [ Saccharonces celenisids) 15 Used for corninercial prociucticdn
of ethanol. Mictobes are alzoised for prociuction of encyme s, Lipa s s are
uzerd in detergent formmulations and ae helpful in refoovin g iy stains
fromm the laundry. Yo moist hase noticed that bottled foait juices bought
from the market are cdearer as compared tothoss made at home. This is
becaze the bottled juices are clarified by the ws of pectinases and
protesses. Streplokinag s2 prociiced by the bacteriumm Streplocecois atd
rodified by getetic enginesring is Wsed az a ‘clot buster for eoowing
clots fromn the blood wessel s of patients who have undergone ogocancdial
infracticn leadin g to heart attacle

Another bioactive molecule, cyclosparin A, that is used as an
inrrmnosuppressive agent in organ-transplant patients, is produced by
the fungus Trichodsersnd polysporugyn. Satins produced by the east
Monascis purplreis have best commercialised az blood-cholesterol
loweering agents. It acts by competitively inhibiting the ensjmne re spornsble
for spnthe s s of cholesternl.

10,3 Micrones m Bnwach TREATVENT

WiE enione that large quantitie s of waste water are generated everjcay in
cities anctowns, Amnajor corrpotiett of this wa ste water is humen esoeta.
Thiz rounicipal waste-water iz also called sewage. It containg large
arnmants of orgatic matter and miembes. Many of which are pathogetic.
Hawe pou ever woncered where thiz huge quantity of sswage or urban
waste water iz disposed off daily? This cannot be discharg@d intonatural
water bociies like rivers and streams directly — o can underst anc whis
Before disposal, hence, sewage is treated in sewage treattrent plants [STF3)
to make it less polluting. Treatment of waste water is done by the

-



Figure 10.6 Secondary treatment
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heterotrophic microbes naturally present in
the sewage. This treatment is carried out in
two stages:

Primary treatment : These treatment
steps basically involve physical removal of
particles — large and small — from the sewage
through filtration and sedimentation. These
are removed in stages; initially, floating debris
is removed by sequential filtration. Then the
grit (soil and small pebbles) are removed by
sedimentation. All solids that settle form the
primary sludge, and the supernatant forms

the effluent. The effluent from the primary
settling tank is taken for secondary treatment.

Secondary treatment or Biological treatment : The primary
effluent is passed into large aeration tanks (Figure 10.6) where it is
constantly agitated mechanically and air is pumnped into it. This allows
vigorous growth of useful aerobic microbes into floes (masses of
bacteria associated with fungal filaments to 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]) of the effluent. BOD refers to
the amount of the oxygen that would be consumed if all the organic
matter in one liter of water were oxidised by bacteria. The sewage
walter is treated till the BOD is reduced. The BOD test measures the
rate of uptake of oxygen by micro-organisms in a sample of water
and thus, indirectly, BOD is a measure of the organic matter present
in the water. The greater the BOD of waste water, more is its polluting
potential.

Once the BOD of sewage or waste water is reduced significantly, the
effluent 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 the 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, other kinds
of bacteria, which grow anaerobically, digest the bacteria and the fungi
in the sludge. During this digestion, bacteria produce a mixture of gases
such as methane, hydrogen sulphide and carbon dioxide. These gases
form biogas and can be used as source of energy as it is inflammable.

The effluent from the secondary treatment plant is generally released
into natural water bodies like rivers and streams. An aerial view of such
a plant is shown in Figure 10.7.
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Tom can appreciate how rmicrcbes plag a major
mle in treating millicns of gallon s of waste water
everyday acros s the globe, This methodology has
been practiced for nome than a entury now, in
alrnost all parts of the world, Till dete, ro man-
made technology has been able to rival the
ricmobial treatroent of sewage,

Tou are aware that due to increasing
urbanisation, sswage is being produced in moach
larger quantitie s than ewer before, Howeser the
number of sewage treatrent plants has not Flgure 10.7 fn aefial view of 2 sevage plant
inereased enoagh to treat such large quantities,

Sothe untreated sewage is often discharged directly intorivers leading to
their polluticn sndincreass in water -borne diseases,

The Ministry of Environrrent and Forests has inftiated Ganga fetion
Plan and Yamuna Action Plan to save the s major rivers of our country
fromn polluticn, Under the se plans, it is proposed to build alargs nurmber
of sewage treattrent plants so that orly treated sewagde ey be discharged
inn the n+wers, 4 visit 1o a sewage teatoent plant situated in any place
tear won would be a very intere sting and educating experience,

14 pMopoers v Pronpuemon o Biocss

Bingas is a mizxture of gass s [containing predorminamntly methane) prochuced
bryr the microbial activity snd which mey be vsed as fusl, o haee learnt
that mmicrobes produce ditferent types of gassous end-products during
grmoweth and reetaboliso The type of the gas produced depends upon the
ricobes and the organic substrate s they utilise, In the exanples cited in
melation to fermentation of dough, cheese making and production of
beverages. the main gas produced was CO_ . However, certain bacteria.
which grow anserobically on cellulosic material, produce large atnouant
of methane along with C0_and H_. These bacteria are colle ctively called
methanogens, andone such comrmon bacterium is Methonobacteries,
These bacteria are commnonly found in the anaerobic sludge during
swag treatmrent, These bacteria are alzo present in the marmen [ part of
stomach) of cattle, Alot of cellulosic material pressnt in the food of cattle
iz also present in the ramen. In rumen, these bactera help in the
brealodown of ellulose and play an important role in the nuatrition of
cattle, Do you think we, horean Befngs, are able to digest the cellliose
present ino oy frodsPThu s, the excreta (duang] of cattle, commmonly called
gobar, iz richin these bactera, Dhang can be nsed for genemtion of biogas,
cormrectly called gobar gas,

The biogas plant consists of a concete tand (10-15 feet deep) inwhich
bic-wastes are collected and a slurmy of dung is fed A floating cover is
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{ Y =——Gas DPlaced over the slurry. which
Ny

keeps on rising as the gas is
produced in the tank dueto the
microbial activity. The blogas
plant has an outlet., which is
connected to a plpe to supply
blogas to nearby houses. The
spent slurry 1s removed through
another outlet and may be used
as fertiliser. Cattle dung is
avallable in large quantities in
rural areas where cattle are used
for a varlety of purposes. So
blogas plants are more after
bulld in rural areas. The blogas
thus produced is used for
cooking and lighting. The
plcture of a blogas plant is
shown in Figure 10.8. The

Gas-holder

Sludge

Figure 10.8 A typical biogas plant technology of blogas production

was developed in India mainly
due to the efforts of Indian Agricultural Research Institute (IARI) and
Khadi and Wllage Industries Commission (KVIC). If your school 1s situated
in avillage or near a village, it would be very interesting to enquire if there
are any blogas plants nearby. Visit the blogas plant and learn more about
it from the people who are actually managing it.

10.5 Microses as BrocontroL AGENTS

Blocontrol refers to the use of blological methods for controlling plant
diseases and pests. In modern soclety, these problems have been tackled
increasingly by the use of chemicals— by use of iInsecticides and pesticides.
These chemlicals are toxic and extremely harmful, to human belngs and
animals allke, and have been polluting our environment (soll, ground
water), frults, vegetables and crop plants. Our soll is also polluted through
our use of weedlcides to remove weeds.

Biological control of pests and diseases: In agriculture, thereisa
method of controlling pests that relles on natural predation rather than
introduced chemicals. A key helief of the organic farmer 1s that blodiversity
furthers health. The more variety a landscape has, the more sustainable
it is. The organic farmer. therefore, works to create a system where the
Insects that are sometimes called pests are not eradicated, but instead
are kept at manageable levels by a complex system of checks and balances
within a living and vibrant ecosystem. Contrary to the ‘conventional’
farming practices which often use chemical methods to kill both useful
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and harmfial life formes indiscrinmn ately, this is a haolistic appmach that
seels to cevelop anunderstanding of the webs of interactioh between the
rrgrriacl of ongari sms that constitute the fisld fauna and flora. The organic
farmrer hold s the wew that the eradication of the creatumes that are ofteh
cescribed as pests is not only pos sible, but alsouwncdesirable, for withoat
them the beneficial predatory and parasitic insscts which depend upot
them as food of hosts would not be able to survive. Thus, the use of
biocontrol measures will greatly eciice our dependence on tosic cherricals
and pesticces. Ah important par of the biological faromng approach is
to becorme farmliar with the variows life forms that inhabit the field,
predators as well as pests, and alsotheir life cycles, patterns of feeding
andd the habitats that they prefer. Thiz will help develop appropriate means
of biooofitrol.

The weryfamiliar beetle with red and black markings —the Ladjbird,
and Dragonflies are usefil to get rid of aphids and mosquitoes,
mspectitely. An exammple of microbial biocofitro]l agents that can be
intmchiced in orcer to control buttedly caterpillarsis the bacteria Saciivs
thoornagliensis [oftetn written as Bt]. These are available it sachets as dried
spores which are mized with water and sprajed onto wilnerable plants
siuch as brassicas and frait trees, where these are eatetl by the itsect
larwvae. In the gut of the larvae, the toxin iz released and the larwae get
killedd Thebacterial dissass will kill the caterpillars, but lease other insect s
unharined. Becaltse of the dewsloprment of methods of genetic engitesring
in the last decacde or 50, the scientists hawe introchicecl . thonngiensis
toEin getiesinto plants Such plants ame resistant toattack by inzect pests.
Bi-cotton isone such exarple, which is being cultivated in some states
of car cotntey. Yo will learn foode about this in chapter 12,

Abiological control being developed for use in the treatent of plant
diszase iz the fungus Trichedertng, Trichodermd species are free-living
fungi that are wery conmon in the root ecosystems. They are effective
bHiocontrol agents of seweral plant pathogens.

Baculorinizes are pathogens that attaclinssets and other arthropoc .
The majority of bacalodng s2s wsed as biclog cal control agents are in the
getnls Nusleopolyhedroeirus These wirises am excellent candiclates for
species-specific, namow specirum insecticdal application s, They have
Eeen shuown to have no negative itnpact 5 on plants, manamal s, birds, fish
or even ot non-target insects. Thiz iz espedally desirable whet beneficial
insects are being conserved to aid in an owerall integrated pest
rmanagernent [[FM) programire, of wheh anecologically setstive area is
being treated.

10,6 Mionoses a5 BIOPTIITTLISERS

With our present day life styles envirotmental pollution is & oejor cause
of coticerty. The s of the chermical fertilizers to meet the ever -in creasing
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demand of agricultural produce has contributed significantly o
this pollatiot. Of corse, we hate now ealised that there ame pmotlems
associated with the oweruse of cherical ferfilisers and there is a
large pressure to switch to organic farming — 10 1ze of Mofertilisers.
Bicfertilizers are organizmns that enrich the nutrient quality of the soil.
The main sources of biofertilisers ame bacteria, fung and cyatnobacteria.
Fiou hawve studied aboat the nodules on the roots of leguminoma s plants
formred by the spmbiotic azsocation of Bhizobion These bacteria fix
atmospheri c nitrogen into organic forms, which is wsed by the plant as
tuatrient. Cther bacteria can = atrnospheric nitmogen while free-living it
the soil [examples Asospiriiin and Asotobader], thus enrching the
titmgn conitetit of the soil.

Fungdi are also known to form symbictic associatiotns with plaats
[(mycorthiza). Many members of the genus Homus form oopeorrhiza.
The fungal syprobicht in these associations absorbs phosphorus from
soil and passes it tothe plant. Flantz having such associations show
other betiefits also, such as resstance toroot-borne pathogens, toleratice
to salinity and drought, and an overall ineas in plant growth and
dewvelopment. Can gou teil il adeantage the Jungous denoes JTom
this association?

Ciratiobacteria are autotrophic fricmbe s widel ol stributed it aquatic
and ermestrial environments mangy of which can fix attnospheric nitrogen,
g4 Anabaeng, Nostos, OQsdlatoria, ete I paddy fields, cpanobacteria
sECVE A3 an important bidfertilizer. Bluie green algae alsoadc ofgathe matter
to the sl and increase its fertility, Currently, it our countey, a number
of biofertilizers ame available cofrrercially in the market and farmers 1se
these regularly it their fields to replenish sod nutnents ancd 1o recuce
depeticlenice of chermcal Eridizers.

Microbes are a wery important component of life on earth. Wot all
microbes are pathogenic. Many mictobes are werp ussful o human
beings. TWe use microbes ard microbially derved products almost ewery
dap. Bacteria called lactic acid becteria [LAE] grow o mille to cormert it
imtn curd. The douagh, which i= used o make bread, is fermented by
peast called Smecharomyces cerevisine. Certain dishes such a= (il 2nd
dosa, are made from dough fermented by microbes. Bacteria and fang
are used to impart perticular texturs, taste and flasor to cheese. Microbes
are wsed to produce industrial products lile lachc acid, acetic 2cid
ard aloohol, which are used in a verety of processes in the ndustry.
Antibiotics ke penicilins produced by wusefil microbes ane used to Iall
dizeass-casing harmfal microbes, Artibiotics have plaped a major role
in cortrolling infectious diseases like diphtheria, whooping cough and
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preumonia. For more than a hurndred pesrs, microbes are being wased
| to treat sewage [waste water) by the process of activated shudge formation -

and this helps in recpcling of water in nature. Methanogens produacs
. methene [biogss] while degrading plant waste. Biogas produced by

- microbes is used a5 2 source of energy in riral areas. Microbes can al=o :

© be used to kil harmful pests. & process called as biocontrol. The
- biccortrol measures help us to awoid heawy use of towic pesticides for
controlling pests. There is a head need these dayps to push for use of
. biofertilizers in place of chemical fertitizers. It i= clear from the diverss

uses humaen beings heve put microbes to thet they play 2n important

. role in the welfare of laman society.

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

EAERCIHES

Eacteria carpot be ssen with the neled spes, but thess can be seen
with the help of 2 mictoscope. I pow hawe o carry 2 sampls from pour
horme to pour biology laboratory to demonstrate the pressrce of microbes

imder & microscops, which sample would pou carry and wheye

Ciiwe examples to prove that microbes releass gasss durnng metabolism.
In which food wouwld pou find lactic acid bacteria? Mention some of

their usefal applications.

Harme some traditionsl Indisn foods made of wheat, rice snd Bengsl

grarn [or their products] which ineolve vse of microbes.

I which wap hawe microbes plaped 2 major mole in controlling dissaeses

canEed by hamfal bacteria?

Harme any two species of fungus, which are wsed in the production of

the antibiotics.
What is sewage? In which way cen sewage be harmfil o ws?

That iz the kep difference between primary and secondary sewags

treatrnemnt?
1,

Three water samples namely mver water, wmtreated s=wage water and
secordary effluent discharged from a sewage treatment plant were
subjected to BOD test. The samples were labelled &, B arnd < ot the
laboratory sttendart did not note which wes which, The BOD veluss
of the three samples 4 B and 2 were recorded as 20mngi L, Smg /L and
40 gL, respectively. Which sample of the water is most polluted?
Can pou essign the comect labsl to sach assuming the rver water is

relatively clean?

Lo pon think microbes can al=so be used 2= source of anergy? I pes, how?
Microbes can be used to decresse the use of chemical fertilisers amnd
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14.

15,

EIQLOGY

Find out the name of the microbes from which Cpdosporin & (an
immunosuppressive drugl and Statins (blood cholesterol lowering
agants] are obtained.

Fird ot the role of microbes n the Dllowing and discuss it with pour teacher.
[2) fSingle call protein [(&CF]

(B Sai

Arrangs the following in the decreasing order [ost important fiest] of
their importancs, for the welfare of nmnan socisty. Give ressons for

FOUT SXLSTRET.
Binga=s, Citric acid, Penicillin azad Card
Homw do bicfertilisers arrich the fartdity of the soil?




Chapter 11
Biotechnology : Principles and
Processes

Chapter 12
Biotechnology and Its
Applications

Eversince the days of Rene Descartes, the French philosopher,
mathematican and biologist of seventeenth century, allhuman
knowledge especially naturalscienceswere directed to develop
technologies which add to the creature comforts of human
lives, as also value to human life. The whole approach to
understanding natural phenomena became anthropocentric.
Physics and chemistry gave rise o engineering. technologies
and industries which allworked for human comfort and welfare.
The major utility of the biological world is as a scurce of food.
Biotechnology, the twenftieeth century off-shoot of modern
biology, changed our daily life as its products brought
qgualitative improvement in health and food production. The
basic principles underlying biotechnologicalprocesses andsome
applications are highlighted and discussed in this unit.




Herert Bover wos born in 1934 and brought up in o cormer of western
Pennsylvanic where railroads and mines were the destiny of most young
men. He completed graduate work at the University of Pittsburgh, in
1763, followed by three years of post-groduate studies at Y ale.

In 1944, Boyer took ower assistant professorship at the Univesity of
Coalifornia at San Francisco. By 1949, he performed studies on a couple
of restriction enzymes of the £, coll bacterium with especially useful
properties. Boyer observed that these enrymes hawe the capability of
cutting DM A strands in a particular fashion, which left what has became
knowwn as ‘sticky ends’ on the strands. These clipped ends made pasting
togetherpisces of DNA a precise exercise.

This discowery, in turn, led to a rich and rewarding conwversation in
Haowaii with a Stanford scientist named Stanley Cohen. Cohen had
been studying smoall ringlets of DNA called plasmids and which float
about freely in the cytoplasm of certain bacterial cells and replicate
HERBERT BOVER independently from the coding strand of DNA. Cohen hod dewveloped

(1936 ] a method ofremoving these plasmids from the cell and then reinserting
them in other cells. Combining this process with that of DHNA splicing
enabled Boyer and Cohen to recombing segments of DNA In desired
configurations and insert the DMNA In bactedal cells, which could then
act as manufacturing plants forspecific proteins. This breakthrough was
the basis upon which the descipline of bictechnology was founded.




CHAPFTER 11

BIOTECHNOLOGY : PRINCIPLES
AND PROCESSES

I11.1 Principles af Biatechnology

11.2 Touls of Recombinant IHA
Technalagy

11.2 Frocesses ofRecomb muamt
Dnla Technologn

Blotechnology deals with techniques of using live
Offatiss Of eTpres o organisis to prochice procliict s
atidld processes Weehid 1o humans. In this shse, making
curd, bread or wine, which are all microbe-rediatec
processes, could also be thought as a form of
bictechhology. Howeer, it iz wsed in a restricted sense
todlay, 1o mfer to such of those processes which use
getietically moodified onfati sins o achiews the sane oh a
larger scale. Purther, mahy other processes MAechiiques are
also inclucked under bictechnology. For example, i oo
fertilization leading to a %est-tube’ baby, spnthesisng a
giete anc usitgit, developitg a DA waccine of cormecting
adefective gete, are all part of bicte chiology.

The European Federation of Bicte chinclogy [EFE has
e a cefinition of bictechnology that encormpasses bath
traditicnal wew and modern molecular biote chinology.
The definition Fiven by EFE is as follows:

“The integration of natural science anc organisms,
cells, parts therenf, and mole ol ar analogie s for procucts
and servine s

11,3 Pupoeiss OF DR Tnciy e gy

Arnon g maty, the two ook techiigues that enabled birth
af mocern bictechiolody ame

il Geneticengineering @ Techiiques toalter the

chermistry of genetic material (DHA and RI9A].
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to introduce these into host organisms and thus changs the
phenotipe of the host orgdat sm.

[ Maintetatce of sterile [fnicrobial contamitiation-fres) ambietice
it1 chemical engiteering processes toenable growth of ofly the
desired oncrobe feukaryotic cell in large quantities for the
manufacture of biotechnological products like antibiotics,
VACCiNE s, ENTVITE S, el

Let us now underst ancd the conceptinal development of the principles
of getietic engditesring.

Tona probably appredate the adwvant ages of seaal reprociuction over
aseyal reprociiction. The forrer provide s opportunities for wariatict s
and forrrlation of unique combinations of genetic sstup, some of which
may be beneficial o the organism as well as the population. AssEieal
reprodiuiction pre serves the gehetic inforrration, while seaal epnochl chicn
permmits wariation . Traditional hybridisation procedires wsed in plant and
animmal breedifyg, wery ofien lead o incusion and oodtiplication of
unckesirable genes along with the desired genes. The technique s of genstic
engineering which inclide creationn of recombinant DNA, uwse of
gene cloning ancd gene transfer, owercomre this lirmtation and allows s
to isolate and introduce only one or a set of desirable genes withont
introducing uhdesrable geties itto the target ofganizom

Do poia kenoew the likely fate of 2 piece of DA, which is somehomw
transfemed into an alien orgatiso? Most likely, this piece of DA would
not be able to mdtiply itself in the progeny cells of the orfanism Buat,
whet it gets integrated into the genorme of the recipient, it may omltiply
and be inherited along with the host DA, This is becanse the alien piece
of DA has become part of a chiomosone, which has the ability o
replicate. In a chromosome thereis a specific DNA sequence called the
origin of replcation, which is responsible for initiating replication.
Themiore, fof the ool tiplication of any alien fiece of DINAIND af OCEatisin
it needls 1o be a part of a chromosomre (5] which has a specific sequence
kenowt as origin of replication”. Thits, ah alisn DA iz linked with the
origdin of replication, sothat, this alien piece of DA can meplicate ancd
rraltiply itself in the host organi sm This can als0 be called as cloning or
rralitg ool tiple identi cal oopies of any ternplate DNA

Let ws now focus an the first instance of the constnaction of an artificial
remmbitnant DMA molecils. The construction of the first recombinat
DA emrerged from the possibility of linking a dene enoodingg antibiotic
resistanice with a native plasmid [autotomously replicating circalar
gatra-chromoeomal DFNA| of Salmensgic iyphorcricg Stanley Gohen and
Herbert Boyer acconuplished this in 1972 by isclating the antibiotic
resstance gene by cutting ot a piece of DA frofn a plasoac which was
responsble for conferning antibiotic resistance. The cutting of DA at
specific locatiotis becamme possible with the discowvery of the so-called
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roolecilar soiss0rs— restrlctlon engymes. The cut piece of DMNA was
then linted with the plasomd DA The s plasmid DIMA act as weetors to
transfer the piece of DMNAatta ched toit. You probably kiow that mosguito
arts az aninsect vector totransfer the malarial parasite into hoiman bocy.
In the same way, a plasmid can be wsed as vechor todeliver an alien pigce
of DA into the host organi sm. The linking of antibioti ¢ res statce gehe
with the plasmud wector becarmne possble with the enspme DHA Lgase,
which acts oty cut DNAmMOolecules and joitis their encls. This makes a few
cornbination of circular autonormously replicating DMNA areated nodre
atd iz known a5 recofnbitiant DA When this DNA is transferred itnfo
Escherichid. coll, a bacterium closely related to Salmensila, it could
meplicate wsing the new host's DA polinerass ensiire and make ooaltiple
copies. The ability to ooultiply copies of antibictic resistanice gene in
E. coliwas called clondng of antibiotic resiztance gene in E ool
Tou can hence infer that there are three basic steps in genetically
rrodif it an Of@arism —
i identification of DMA with desirable getes.
[{ intmoductionof the identified DNA intothe host;
] roaintenatce of intmoduced DINA i the host and tran sfer of the DA

toits progeny.
11.2 Teoorsn or Beoopaimany DA TeoEHoO1o5Y

Mo we know from the foregoin g discussion that genstic enginsening or
mecombinant DA technology can be accomplizhed only if we hatwe the

keytools, ie., restrichion ensymes, pOlyErase encpe &, ligase s, vectors
and the host organism Let us tritounderstand some of the se in detadl.

11.2.1 Hestricdon Enzymes

Inn the jear 1963, the twoencymes msponsible for restrcting the gromwth
of bactericphage in Eschericua collwere isolated. One of these adced
methyl groups to DA, while the other cut DNA The later was called
restriction endonuclease.

The first restriction endonuclease-Hind IT, whose functicning
depenced on a specific DA nuclectide sequence was izolated and
characterssd five years later. It was found that Hind I always cut DA
roleciles at a particular point by eeognising a specific sequence of
iz base pairs. This specific base sequence is known as the
recogniilon sequence for Hind X Besides Hind [T, toclay we lnow nore
than S 00 restriction encpmes that have been i solated fmomoser 230 strains
of bacteria eachof which ecognize different re cognition sequences.

The cotvention for naning these encpmes is the first letter of the nate
corre 5 o the genes and the ssoond twoletters come from the species of
the proleariotic cell fromn which they were isolated, &g, EcoRI comes from
Eschenchit coll BT 13, In EcoR, the letter B iz derived from the name of

-
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strain . Fomen numbers following the name s indicate the orderin which
the enojpre s were isolated from that strain of bacteria.

Restriction encjmes belong to a larger class of enzymes called
nucleases These are of two kinds; exonucleases and endonucleases.
Exonucleases remonwe taclectices from the ends of the DA whereas,
enconiclease s make cuts at specific positions within the DITA

Each mstriction endonuclea s functions by ‘inspecting the length of
a DHA sequence. Once it finds its specific recognition sequence, it
will bind to the DMA and cut each of the two strands of the double
helixz at specific points in their sugdar-phosphate backbones
[Figure 11.1]. Each restriction endotiiclease recognizes a specific
palindromic nucleotlde sequences ity the DA,

Antten of Rewtririen snrymms
Tiw sxxyma cuts hath DA EcoRl cuts the N belveen o
sirancly gt the samn s G s A anly when the saquenon
QARTTC Is present in the DNA
Vooior DNA Foreigin THA
8
I l
P Biiclgr ool
ke ",
% "”IMW?K
R
Stirky end e
THA regfrraris oo i siinky owis

Figure 11.1 Steps in formation of recombinent DHA by action of restriction endonucleass

1%4

erzprne - ookl

Do pou kenow what palindromes are? These are gooups of letters
that form the same words when read both forward and backward,
g. g, "MALATATAN. A5 against a word-palindrome where the same
wiord is read in both directions, the palindrome in DIALS a sequetice
of base pairs that reads same o the two strands when orientation of
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reading iz kept the same. For example, the following sequences reacs
the same on the two strands in 5 = 3 direction. This is also toue if
readin the 3 = & direction.

B —— GAATTC — 3

3 — OTTAAG — &

Festrictioh eniepnes ot the strand of DA alitle away ffomthe centre
of the palindmire sites, but between the same twobases on the opposite
stranclz. This leaves single stranded portions at the ends. There are
crverhanging stretches called sticky ends on each strand [Figure 11.1).
Thesz= are hamed s0 becaus they form hjcnogen boncs with their
cornplerrentary cut counterparts. This stickine s of the ends facilitates
the acticn of the ensime DA liga s,

Restriction endoticleases are wsed in genetic engineering to form
Tecombinant’ moleciles of DMA, which are conmposed of DA fiomm
cifferent souree s/ FEnomes.

Wihet ot by the samne wstriction ensime, the meadtant DMAfragoents
hawe the same kind of “stickp-ends and, these can be joined together
[erucl-to-end) wsing DA ligases [Figure 11.2).

Figure 11.2 Diagrammatic representation of recormbinent DA techrnlogy

-
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1o may have realised that normally, unless one cuts the vector and
the souree DA With the same restriction enzime, the e oombitant wector
molecule cannot be createc.

Separation and isolation of DNA fragments : The cutting of DINA by
restriction endonuicleases results in the fragmentes of DA, These
fragments can be ssparated by atechhique o a5 gel electno phoresis.
Since DNA fragments are negatively charged nolecules they can be
separated by forcing therm to mowe towards the anode whder an electric
field through a medium fMmmatris. Nowadays the most comrmonly usecl
rmatrix is aganos which is a natural polymer extracted from sea weedls.
The DNA fragment s ssparate [mesolve] according o their size throagh
siewing effect protwiced by the agaross gel. Hence, the smaller the fragment
gize, the farther it mowes. Look af the Flgure 113 and quess af wohich
end, of the gel the sarmple was lodded,

The separated DA fragrent s catibe
W sualisedl only after staining the DA
with a corrpoad enow A s ethiclium
brorride followed by esrposune to 1T
raciation [pou cathct see pure DMA

fragnents it the wizible light and
withionat staiting] . Yo can ses bright
cratge coloiired bancs of DA it a
ethidium bromide stained gel

Figure 11.3 4 typical agarose gl

exposed oIV light [Figae 11.35). The
separated bandsof DNA are cut ot
fmommn the agarose gel and estracted

slectrophoresis showing fromm the gel piece. Thiz step is lonown
migration of undigested az elution. The DNA fragments

lare 1] and digested s=t of
DA fragments lare 2 to 4)

purified in thiz way are used in
cotistructing recornbitiant DA by
joititng thern with clohitg wectors.

11.2.2 Cloning Yectors

Fiou know that plasmids and bacteriophages have the ability to replicate
withit bacterial cells independent of the control of chromosomal DA,
Bacteriophages because of their high number per cell, have wery high
copinumbers of their gehorne within the bacterial cells. Sorne plasmnids
may have only one or two copies per cell whereas others may hawe
16-100 copies per cell. Their tirmbers can foevet higher, If we are atle
to link an alien piece of DA with bactedophage or plasnud DA, we can
roultiply its numbers equal to the copy number of the plasmoid or
bactericphage. Vectors used at present, are engineersd in such way that
they help easy linking of foreign DA and selection of recornbinat ts fiorm
fion -2 cormbitatt s
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The following are the features that are required to facilitate cloning
itito a wector

i

(i)

i

Origin of replication f{ori} : This is a sequence from where
replicatic starts and aty piece of DMNA whet linked tothiz sequetce
cat be macle to mplicate within the host cells. This sequenc is also
respotisible for controlling the copy famber of the lindeed DA, S0,
if onE wants to recover many opies of the target DA it shouwld be
clotied it a vector whose ofigitn support high copy number.
Selectable marker | In addition to ‘ori’, the wector requires a
selectable maner, which help s in identifiing and elitmn ating fo-
transformants and selectively permitting the growth of the
transformant ;. Transformation is a proceciure thmugh which a
piece of DMA s intmodhiced in a host bacteriam (o will study the
process it subsequent sction). Normally, the genes encoditg
resistance to antibiotics such as ampicillin, chloraniphetd col,
tetracpolite of Kananigecitn, ete., are cotwsidered wseful selectable
matkers for E. coll The normal E. ool cells do not carry resi stance
against anyof these antibiotics.
Cloning sites: In order to link the
alien DMA, the vector needs to have
very few, preferably  single,
recogmition sites for the comrronly
used restriction encymes. Fressnce of
e that ohe recognition stes within
the vector will generate seweral
fragments, which will complicate the
gene cloning (Figure 11.4). The
ligatiotn of aliet DIMA is carmied out at
arestriction site present in one of the
twoantiblotic reslstance geties. For

exarmple, you can ligate a foreign DA

| ) Figure 11.4 E. coff cloning wector pER322
at T.hE! Batn H I ste of tetracycline showing restriction sites
resistanice gene in the vector pERI22. (Eimd OL Encl L BapH L Sal L
The recombinatt plastics will lose Fou II, Pst L Cla I, on and
tetracycline msistance due toinsertion antibiotic resistance genes

of foredgitn DA Bt can still be selected

[arop® and tetf]. Rop codes for
the proteins involved in the

it from non-recombinant ones by replication of the plasmid.

Platitng the transformants on arnpicillit

cofitaining mediumm. The transformant s gmowing oh ampicillin
cotitainitgd meditim are then transferred on A mechium cotrba it §
tetracycling. The recombinants will grow in ampicillin coftainin g
meditm but not on that containing tetracycline. But, fon-
recombinants will grow on the medinm containing both the
antibictics. I this casse, ohe antibiotic resistance gete helps in
slecting the transformants, whereas the other antibiotic resistance

-
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gene gets Snactivated dus to inssrtion’ of alien DA, and helps in
selectict of recormbitiatits.

Belection of recombitants due toinactivation of antibicticsis a
clmbersone procecire becatize it requires simmiiltanemy s platitag
ot two plates having different antibictics. Therefore, alternative
selectable markers hawve been developed which differentiate
recormnbitatnts from non-recombinants o the ba s s of their ability
toproduce colour in the presence of a chromogetic substrate. In
this, a recombitant DA i s inserted within the coding sequetnce of
an ensye, d-galactosidaze. This results into inactivation of the
encyme, which is refermed to as nsertlonal inactivation. The
presence of a chiomogenic substrate gives blue coloured molonie s if
the plasmid in the bacteria does hot hawve an insert. Presence of
ingert maults into inssrional inactivation of the s-galactoscdase ancd
the colonies do hot pociice any colour, these are identified as
recrmnbinant colomnies.

[iv] Vectors for cloning genes in plants and animals @ Tou may be
surprised tolmom that we have leamit the les son of transfermming gene s
itito plants ancdanitnal s fiomm bacteria and s s which have o
this for ages — how todeliver gnes to transformenlcariotic cells and
foree them to do what the bacteria of viruses want. For example,
Agrobacteriousy Lrifitoens, a pathogen of several dicot plants is
able todeliver a pie e of DA known as T -DHA" totran sfomn normal
plant cells into atumor and direct the se tunor cells to prodhuce the
chermnicals required by the pathogen Sirmilarly, retronirse s in anitnels
have the ability to transformnormal els into cancerous =lls. A
better understanding of the art of celivering genes by pathodens in
their sularpotic hosts ha s generated knowledge to transformithe se
tool s of pathiogen s intowsefal wectors for delivering gene s of intere st
to humans. The tumor inducing [Ti) plasmid of Agrobacterivon
trorrfociens has now besn modified inta a claning wector which is no
more pathogenic tothe plants butis still able towse the mechanisms
to deliver genes of our interest into a variety of plants. Similarly,
retmoviriiEes have also been disarmed and are nowe wsed 1o deliver
desirable genes into animmal ells. S0, ofhes a gene or a DA fragment
has besn Ligated into a suitable wector it is transfermed into s bacterial,
plant or anirmal host where it ooadtiplies).

11.2.3 Conipetent Host (For Transforniation with
Hecon binant DINA]

Since DHA is a hydrophilic maleculs, it cannot pass through cell
mrembranes. Why? In ofder to foroe bacteria totalee up the plasoud, the
bacterial cells oot first be made ‘oompetent” to take up DNA This is
dlotie by treating them with a specific concentration of a divalent cation,
sich as caldumn, which increases the efficiency with which DA enters
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the bacterium through pores in its cell wall. Recombinant DNA can then
be forced into such cells by incubating the cells with recombinant DNA
on ice, followed by placing them briefly at 42°C (heat shock), and then
putting them back on ice. This enables the bacteria to take up the
recombinant DNA.

This is not the only way to introduce alien DNA into host cells. In a
method known as micro-injection, recombinant DNA is directly injected
into the nucleus of an animal cell. In another method. suitable for plants,
cells are bombarded with high velocity micro-particles of gold or tungsten
coated with DNA in a method known asbiolistics or gene gun. And the
last method uses ‘disarmed pathogen’ vectors, which when allowed to
infect the cell, transfer the recombinant DNA into the host.

Now that we have learnt about the tools for constructing recombinant
DNA, let us discuss the processes facilitating recombinant DNA technolagy.

11.53 Processes or Becowmmiant DBINA Teomwouooy

Recombinant DNA technology involves several steps in specific
sequence such as isolation of DNA, fragmentation of DNA by
restriction endonucleases, isolation of a desired DNA fragment,
ligation of the DNA fragment into a vector, transferring the
recombinant DNA into the host, culturing the host cells in a
medium at large scale and extraction of the desired product.
Let us examine each of these steps in some details.

11.5.1 Isolation of the Genetic Material (DNA)

Recall that nucleic acid is the genetic material of all organisms
without exception. In majority of organisms this is
deoxyribonucleic acid or DNA. In order to cut the DNA with
restriction enzymes, it needs to be in pure form, free from other
macro-molecules, Since the DNA is enclosed within the
membranes, we have to break the cell open torelease DNA along
with other macromolecules such as RNA. proteins,

polysaccharides and also lipids. This can be achieved by treating

the bacterial cells/plant or animal tissue with enzymes such as Figure 11.5 DNA that

lysozyme (bacteria), cellulase (plant cells), chitinase (fungus).
You know that genes are located on long molecules of DNA
interwined with proteins such as histones. The RNA can be removed by
treatment with ribonuclease whereas proteins can be removed hy
treatment with protease. Other molecules can be removed by appropriate
treatments and purified DNA ultimately precipitates out after the addition
of chilled ethanol. This can be seen as collection of fine threads in the
suspension (Figure 11.5).

separates out can be
removed by spooling
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11.3.2 Cntting of DNA at Specific Locations

Restriction encimre dige stions are perfonned by incubating punfied DA
rrolecidles with the restriction enspme, at the optimal cotditions for that
specific encpme. Agarose gel electrophoresis is ernplogyed to check the
progression of a e striction encyme dige stion. TINA iz 2 nedativel i chargec
molecile, hence it moves towards the positive electrode [anode)
[Figure 11.35]. The process is repeated with the wector DA also.

The joiting of DA inwolwes several processes. After having cut the
source DA as well as the vector DA with a specific restriction encyone,
the cutoutgene of intere st fiom the souroe DA and the ot vector with
space are ruEed and ligase iz added. This results in the preparation of
reornbinant DA

11.3.2 Amplification of Gene of Interest using PCR

PCE stancs for Polymerase Chain Reaction. In thiz reacticn, oroaltiple
copies of the gene [or DNA) of interest is spnthesised inodre Wasitg two

Fgion o be acoplified

Anaplifed
I |

Figure 11.6 Folymerase chain reaction [FCF) : Each cpole has three steps: [] Denaturation
lii] Primer snrealing arnd (G Externsion of primers
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sets of primers (small chemdcally synthesized oligomu cleotides that are
corrplementary to the regions of DA and the ensime DA polyerase.
The enzyne extends the primers wasng the nucleotice s provided in the
reaction and the genormic DA as template. If the process of meplication
of DA iz repeated many times, the segment of DNA can be amplified
to approzirnately billion tires, ie. 1 billiof copies are mads. Such
mpeated amplification is achiewed by the e of a thermostable DA
polymerase [isolated from a badterium, Thermus aguidbicnes], which
mermain active during the high temperature induced denaturation of
couble stranded DA The amplified fagmett if desred cat now be
wsed to ligate with a vector for further cloning (Figurse11. 6.

11.2.4 Insertion of Recombinant DNAinto the Host
Cell / Organism

There are sveral methods of intmochicng the igated DNA into recipisnt
cells. Redpient cells after making them ‘cormpetent’ to receive, tale wp
DA presentin its surmunding. 30, if a recommbitiant DNA bearing gete
for resistance toan antibictic 2.4, ampicillin] is transfermed into E ool
c2lls, the host cell s becorme tran sfommed into ampicillin-resistant cells If
we spreacd the transformmed cells o agar plates contaiting ampicillit, cnly
tran sforrant s will grow, untransiommed recipient cells will die. Sinee, cdue
to arrpicillin resi stance gene, one is able to select atransformed cellin the
presetyce of amnpicllin. The ampicillin /e sistance gene in this case is called
aselectable marker.

11.8.5 Obtaining the Foreign Gene Product

Wihen pou insert a piece of alien DA into a doning wector and transferit
into a bacterial, plant or animal cell, the alien DA gets mualtiplied. In
Almost all eoominant technologies, the wltimate aim iz to procduc a
cesirable pmtein. Hence, there is a need for the recombinant DA to be
expressecl The foreign dene gets expressecl under appropriate concition s,
The expressonof foreign gnes in host ells imolwe understanding magy
technical cetails.

After havitg cloned the gene of interest and having optimised the
coticition s o induce the expression of the target protein, one has to
cotiscEr prociicityg it of a large scale. Can gols think of ang redson
rohyy there 0 a need, Jor orge-soale production? If any pmotein en ooding
gehe iz expressed in a heterologoiz host, is called 2 recombinant
protein. The cells harbouring cloned gnes of interest may be grown
o & smell scale in the laboratory. The cudtures may be wsed for
extractityg the desired protein and then purifiying it by using diferent
separaticn techiiques.

The rells cat also be modtiplied it a coftitots calbare spetern wherein
the used medium is drained out fiom one side while ffesh medium is
aclded from the other to maittain the ells it their physiolog cally most

1
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active log/exponential phase. This type of culturing method produces a
larger biomassleading to higher yields of desired protein.

Small volume cultures cannot yield appreciable quantities of products.
To produce in large quantities, the development of bioreactors, where
large volumes (100-1000 litres) of culture can be processed, was required.
Thus, bioreactors can be thought of as vessels in which raw materials are
biologically converted into specific products, individual enzymes, etc.,
using microbial plant. animal or human cells. A bioreactor provides the
optimal conditions for achieving the desired product by providing
optimum growth conditions (temperature, pH, substrate, salts, vitamins,
oxygen).

The most commonly used bioreacters are of stirring type, which are
shown in Figure 11.7.

- A
surfa.ceed 4>

area for
g‘:ylg:fl':r\ *EP!J&J’*U\ Jlr’\@ /Gas

entrainment

Bubbles\ | *°_ " .

Figure 11.7

dramatically |
increase the E::_ﬁ_::,‘? 2 s
OXygen {1
\\tranafer area /
(b)

(2) Simple stirred-tank bioreactor: (b) Sparged stirred-tank bioreactor through which
sterile air bubbles are sparged

A stirred-tank reactor is usually cylindrical or with a curved base to
facilitate the mixing of the reactor contents. The stirrer facilitates even
mixing and oxygen availahility throughout the bioreactor. Alternatively
air can be hubbled through the reactor. If you lock at the figure closely
vou will see that the bioreactor has an agitator system. an oxygen delivery
system and a foam control system. a temperature control system, pH
control system and sampling ports so that small volumes of the culture
can be withdrawn periodically.

11.3.8 Downstream Processing

After completion of the biosynthetic stage, the product has to be subjected
through a series of processes before it is ready for marketing as a finished
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prochact, The processzes include separation ard purification, which are
collectively referred to as downstream processing, The product has tobe
forrrndated with suitable preserwmtives, Such formrmlation has to undergo
thorongh clinical trial s as in case of drags, Strictquality corntrol testing
for each prochict is also required. The dowmnstreatnproce ssing arid quality
comtrol te sting wary from proch ot to prochact,

SUMMARY

Biotechmology deals with large acale production and marketing of
products and processes using live orfanisms, cells of etirpmes.
IModern biotechmology wusityd genetically modified organisms was
made poesible only when man leamnt to alter the chemiztry of DITA
and conztruct recombinant DNA Thiz key procezz iz called
recombinatt DA technology of genstic enginesring. This process
inwolves the use of restriction endotmacleases, DA ligase,
appropriate plasmid or wiral vectors to isolate and ferry the foreign
DA into host, orgati=mes, expression of the foreigi gete, purification
af the gne product, ie., the fimctiotal protedt and finelly making a
zuitable formudation for marketing. Large scale production imoles
1= of bioreactors.

EAERCISES

1. Can ypou list 10 recombinant proteins which are vused in medical
practice? Find ot where they are uzed as therapeutics (e the internet).

2. Make a chart [with diagrammatic repressntation) showing a restriction
erngpme, the zubsetrate DA on which it acts, the site at which it cuts
DHA ard the product it prodiuces,

3. From what pou hase learnt, can pou tell whether enopmes are bigder or
DHA i= higger it molecular siee? How did pou ko

4. What wowld be the molar concentration of human DA in 2 human
cell? Corult pour teacher

5. Do sakaryotic cells have restriction endormaicleasss? Justify poar atiswier.

6. Besidez better seration and mixing properties, what other advantages
do stirred tank bicresctors have over shake flasks?

T Colledt bexamples of paliterornis DA sequetices by corsutting poar teacher.
Better tryp to create a palitdromic sequetice by following base- pair riles.

8. Can yout recall meiosi= and idcate at what stage a recombitiatnt DA
iz made?

S, Cady pout thinde and atuswer how a reporter etirpme can be wsed to mosmtor
trareformation of host cells by foreign DA in addition to a 2electable
maf ket
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12, Descobe briedy the followings:

11.

12,

(2] Crigin of replication

(b) Bioreaciors

[z] Dowrstream processing

Explain brefly

=) FCR

(bl Festriction ensymes and DA

[z Chitinass

Discuss with pour tescher ard fird out bow to distinguish betussern
(2] Flasmid DA ard Chromeosomal THA
(Bl FIA =and DINA

=] Exormclesse and Erndonacleass




CHAPTER 12

BIOTECHNOLOGY AND ITS
APPLICATIONS

121 Eiatechnologoal

Applications in
Agrictdture Biotechnology, as jou would have learnt from the
previous chapter, essentially deals with industrial scale
1232 Biatechnalagical prociuction of biopharma ceuticals and biologicals using
Applications in genetically modified rricmbe s, fungi, plants and anirmal s.
Medicine The applications of biotechnology include therapeutics,
12,2 Transgenic Arimals diagnostics, genetically modified crops for agncultume,

procesgecd oo, bioremediation, waste reatment, and
energy procditction. Three critical research areas of
biote chitology are:
[l Frosicingthe best catalyst in the form of imprmssed
Or At s Wsially a micmbe of pufe EnIfe.
[ii] Creatingoptimal conditicns through enginesring for
a catalyst toact, and
[iii] Do strearmn processing technologie s to purify the
protein forgatic corpoiiic.
Let us now learn how human beings hawe used
biotechtiology to irprove the gquality of human life,
especially in the field of food procduction and health.

124 Efical [ssues

P, BroTRommGl oo to sl ADPLIOATYGNS A
SomlciToRn

Letus tale alook at the three options that can be thought
for increasing food prochcticn
[l agro-cherdical based agnoltime;
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[ii] ordatnicagriculbure; and
(iii] geneticallyenginesrec cmop-ba secl agnciltume.

The Green Revolutlon succesded in tripling the food supply bt et
it was not enogh tofeed the growing hurman popidlation. I oreased jields
haie partly been cue to the use of improved] crop varneties, but mainly
clue tothe wse of better management practices andyse of agmchemical s
[fertilisers and pesticices]. Howesver, for farmers in the developing world,
agrochermicals ae often tooeEpensive, and further increass in JHeld with
exiszting varieties am not possible using consentional breeding. Is there
any alternative path that o understanding of geteti cs can show o that
farmrers may obtain mesinam yield from their figlds? Is there a way to
rminifrise the 1 s of fertili sers and chermnicals sothat their hammmfil effects
atn the environment are redieed? Use of genetically moodified crops is a
possible solutict.

Flants, bacteria, fungdi and animals whoss genes have been altered by
matipitlation are called Genetically Modified Organisms [GRIO). i
plants hawe been useful in many ways. Genetic modifi cation has:

[i] made cmops more tolerant to abiotic stresses (cold, drouwght, salt,
heat).
i recduced meliance onchemical pesticide s [pest-rezistant orops].
[ii] helpedtoredice post harvest losses.
iYW iticreased efficdency of mineraldzage by plants [this prevents early
exhaustion of fertility of soil).
W etthatced futritional walue of food, e g, Vitamn 8 enriched rice.

It additioty to these ses, G has beet wsed to create taior -made
plants to supply altemative resources toindustries, in the foronof starches,
fuels and pharmaceuticals.

Sorre of the appli cations of biotechnolog in agricultare that jon will
study in detail are the production of pest resistant plants, which cowlad
cdecrease the amount of pesticdcde used. Bt tomin is prochaced by a
bacterium called Baoiivs homngiensis [Bt for short]. Bt tomin gene has
been cloned from the bacteria and been eapressed in plants to provicde
resistance toinsscts without the need forinse cticides; in effect areated a
bio-pesticide. Examples are Bt cotton, Bt com, rice, tomato, potato and
soyabeanete.

Bt Cotton: Sorre strains of Saciles (horingiensis prochice proteins that
kill certaininzects such as lepidopterans (foba coo budworn, arnywor),
colecpteran s (bestle s) and dipterans (flies, nosquitoss). 3. thorngiensis
formms protein crystals during a particilar phase of their gmowth, These
crystals contain a toaic Insecticidal protedn. Why does this toain ot el
the Bacillus? Actitally, the Bt tosin proteit exizt as itactive protaons bt
atce at insect ingest the inactive toein, it is comverted into an active form
of ozt chie to the alkaline pH of the fut which solubilise the crystals.
The activated tosin binds to the surface of midgut epithelial cells and
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create pores that cause cell swelling and lysis and eventually cause death
of the insect.

Specific Bt toxin genes were isolated from Bacillus thuringiensis and
incorporated into the several crop plants such as cotton (Figure 12.1).
The choice of genes depends upon the crop and the targeted pest, as
most Bt toxins are insect-group specific. The toxin is coded by a gene
named ery. There are a number of them, for example, the proteins encoded
by the genes crylAc and crgilAb control the cotton bollworms, that of
crylAb controls corn borer.

it

Figure 12.1 Cotton boll: (a) destroyed by bollworms: (b) a fully mature
cotton bholl

Pest Resistant Plants: Several nematodes parasitise a wide variety of
plants and animals including human beings. A nematode Meloidegyne
tncognitia infects the roots of tobacco plants and causes a great reduction
in yield. A novel strategy was adopted to prevent this infestation which
was based on the process of RNA interference (RNAi). RNAi takes place
in all eukaryotic organisms as a method of cellular defense. This method
involves silencing of a specific mRNA due to a complementary dsRNA
molecule that binds to and prevents translation of the mRNA (silencing).
The source of this complementary RNA could be from an infection by
viruses having RNA genomes or mobile genetic elements (transposons)
that replicate via an RNA intermediate.

Using Agrobacterium vectors, nematode-specific genes were
introduced into the host plant (Figure 12.2). The introduction of DNA
was such that it produced both sense and anti-sense RNA in the host
cells. These two RNA's being complementary to each other formed a double
stranded (dsRNA) that initiated RNAi and thus, silenced the specific mRNA
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of the nematode. The consequence was that the parasite could not survive
in a transgenic host expressing specific interfering RNA. The transgenic
plant therefore got itself protected from the parasite (Figure 12.2).

Figure 12.2 THost plant-generated dsRNA triggers protection against nematode infestation:
(a) Roots of a typical control plants; (b) transgenic plant roots 5 days after deliberate
infection of nematode but protected through novel mechanism.

2.2 Brorecumonoaical Arpuications e Mepicie

The recombinant DNA technological processes have made immense impact
in the area of healthcare by enabling mass production of safe and more
effective therapeutic drugs. Further, the recombinant therapeutics do not
induce unwanted immunological responses as is common in case of
similar products isolated from non-human sources. At present, about
30 recombinant therapeutics have been approved for human-use the
world over. In India, 12 of these are presently being marketed.

12.2.1 Genetically Engineered Insulin

Management of adult-onset diabetes is possible by taking insulin at
regular time intervals. What would a diabetic patient do if enough
human-insulin was not available? If you discuss this, you would soon
realise that one would have to isolate and use insulin from other animals.
Would the insulin isolated from other animals be just as effective as
that secreted by the human hody itself and would it not elicit an immune
response in the human body? Now, imagine if bacterium were available
that could make human insulin. Suddenly the whole process becomes
so simple. You can easily grow a large quantity of the bacteria and make
as much insulin as you need.

Think about whether insulin can be orally administered to diabetic
peaple or not. Why?
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Insulin wsed for diabetes was earlier extra ched from
paticreas of slavghtered cattle and pigs. Insulin from
an animal source, though caused some patients o
cevelop allergy of other tipe s of reactions to the fors g
protein. Insulin consists of two short polypepticde
chains: chaith & and chain B, that are linked together
by disulphide bridges [(Figure 12.3). In mammals,
including human s, insilin is synthesized as a pro-
hormone (like a pro-encyme, the pro-hormone also
tieerls tobe proce szed before it become s a fully mature
atid funictictial horooote] which cottains an estra streteh Figure 12.3Maturation of

callecl the C peptlde. Thiz C peptide iz not preseat in pro-insaling into iteulin
the mature insulin and is removed durin g maturation after rernowal of C-
intoinsulin The main challenges for production of insulin peptide [to be simplified)

wang tOMA echniques was gettitg it sulin s sembled into a mature foro
In 19583, Eli Lily an American company prepamed two DA sequences
correspoticlitng to A and B, chaitis of huaman insulin and introduced thermn
in plasmics of E. coll to procluce insulin chaing, Chains & anc B were
prociuced separatel ¥, extracted and comnbified by creatitng cisudficdle botds
to formn huarman insulin,

12.2.2 Gene Therapy

If a persof is born with a hereditary dizeas, can a corrective therapy
be taken for such a disease? Gene therapy is an attempt todo this.
Genie therapy iz a mollection of methods that allows orrection of a
gene defect that has been diagnosed in a child /embryo. Here genes
are ingerted into a persoi’s cells and tissuwes to treat a disease.
Correction of a genstic defect involies delivery of a normmal gene into
the individital of embryo to take over the function of and compensate
for the non -functional gene.

The first clinical gene therapy was given in 19590 to 2 d-jear old girl
with adenosineg deamina s (ADA] deficiency. This eneyme is crucial for
the irmmine systern to function. The disomler iz can sed che to the deletion
of the dens for adenosine deanmnase. In some children ADA deficiency
can be cured by bone marmow transplantation ; inothers it can be treatec
by enzyine replacerrent therapy, inwhich functional ADA iz given tothe
patient by inje ction. Eat the problem with bothof these approaches that
they am not completely curative. As a first step towards gene therapy,
Iirmphocytes fiom the blood of the patient are grown in a cultume outside
the body. A functional ADA cDMA [Using a retrowiral wector] is then
introduced into these lymphocytes, which are subsequently eturnsd to
the patient. Howeter, as these cells are not innmnortal, the patient equires
periodh ¢ infu sichn of such geneti cally engineered Iymphocytes. Howesver, if
the gete i solate fiommmmarmow cell 5 prochucitg AT iz intmoduced intocells
at early embryonic stages, it cowld be a permanent cure.

-
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L2.2.3 Molecular Diagnosis

To know that for effective treatment of a disease, eady diagnosis and
uncerstanding its pathophy=ology iz wery inportatt. Tsitg corventional
methods of diagnosis (serum and urine analysis, etc)] eady detection is
not pozsible. Reoombinant DA techhology, Folymerass Chait Beaction
[FCR] and Encpme Linked Inmmano-sorbent Assay (ELISA] are some of
the techniques that serve the purpose of eadydiagnoss.

Pesenceof a pathogen (bacteria, Winisss, eto.]is normally suspected
atly when the pathogen has pmodiiced a dizea se symptomn By this time
the mnentration of pathogen is already wery high in the body Howeser,
wery low corucetitraticd of & bacteria of Wiris [at a timme whet the sfpmptoins
of the chi sase are not et visible] can be detected by ammplification oftheir
nucleic acid by PCE. Can gou explan o POR oon detect oeny oo
armounts of DNASPCE is now routinely wnsed to detect HIV in suspected
ADE patients. It is beityg 1sed todetect foat ations i @genes in suspected
catwcer patients too. It is a powerfil techgnique toidentify many other
genetic cisomlers.

& single stranded DA of BEIA, tagged with a racicaclite molecule
[probe] iz allowed to hibridize o its complementary DA it a clone of
cells followed by detection using autoradiography. The clote havingthe
rriatated gene will hence not appear on the photographic film, because
the probe will not have complinen tarity with the moutated gene.

ELIZA is baszed on the princple of antigen-antibody interaction.
Infectiots by pathogen cah be detected by the presence of antigens
[proteins, gycoproteins, ete.) or by detecting the antibodie s spnthesised
against the pathogdets.

12,3 TrRasceMic AMRALS

Animals that have had their DMNA manipalated to possess and express an
extra [foreign) gene are known as transgenic animals. Transgenic rats,
rabbits, pigs, sheep, mows and fish have been prochiced, although over
95 per ent of all exizting transgenic animals ame mhee. Why ane these
anirls being produceds How can mean benefit frone suoh. rodifoations?
L&t us try and explore sofne of the cofninon fedsots:

il Nermal physiology and devel opmend: Transgenic anifnals can
be specifically desighed to allow the study of how gdetes are
regulated, and how they affect the nomnal functions of the body
ardits ceweloprrent, e g, study of comples factors involwved in growth
s1ch as insulin-like growth factor. By introducdng getie s from other
spedes that alter the formation of this factor and stucing the
biclogical effects that msult, information is obtaited about the
biclogical role of the factor in the body.

i) Study of disease: Many transgenic anifnals e designed to indease
our unckerstancing of how geres oontrbute 1o the deselopment of
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diseass. These are specially made 10 serve as models for human
cli seass a0 that investigation of new treatrents ior diseases is made
possible. Today tran sgenic models e st 107 man huinen disea &= s
sich as caticer ofsticfibrosis, theurmatoid arthritiz and Alrheitner s,
[ii] Bielogical produects: Medicines required to treat certain human
diseasss can cohtain biological prochicts, bt such products are
aften expensive o make. Trahsgenic animals that produce seful
biclogcal prochicts can be created by the introchction of the portictd
of DA [or geties] which codes for a particular procluct such as
hurman protein [o- 1-antittipsin) wsed to treat enphysema. Similar
attempts are being made for teatment of phetylletonunia [FEO)
and cystic ibmsiz In 1897, the first transdenic cow, Fose, prochacec
human pmotein-enriched mille [2.4 grams per litre]. The mmilk
cofitained the hiimen alpha-lactalbumin and was futritionally a
roore balan ced produ et for hurman babie s than natural cow il

[i* Vaececine sqfety: Transgenic mice are being developed for use in
testing the safety of waccnes before they are used on humans.
Transgdetic rice are being 11sed totest the safety of the poliowaccite.
If sucecessiul and found tobe reliable, they could replace the use of
motikeys o test the safety of batches of the vacdne.

M Chemical sqfely testing: This is known as tosicity fsafety testing,
The pmcechire is the same as that wsed for testing tosicity of drugs.
Tratisgdetiic atimmals are mace that camy getes which make e more
sensitive o toic substance sthan non-transgenic anirnals. They are
thet exposed tothetoeic sibstances and theeffects studied. Toedcity
testing i s1ch anirrals will allow 1s toobtain results in less time.

12,4 Ermon, fesines

The manipidation of living ofdati sms by the humen face canhot Go o
any further, withoit regulation. Some ethical standamls are required to
evaluate the morality of all huarman a ctivities that foight help o ham living
O At 51T,

Croirg bejond the morality of such issuwes, the biological significance
of such things iz alsoimportant. Genetic modificatich of organisms can
hawe unpredicatable results when such organisms are introchaced into
the ecosystern

Therefors, the Indiath Governirent has set up orfanizaticns sich as
GEAC [Genstic Engineering Approwval Comnmittes], which will malke
dedsions regarding the walidity of GL ressarch and the safety of
introdacing Ghi-organisms for public services.

The modificatiot A1 sage of iving ofgatisms for public serdces (a5 foocd
atd redicite soirce s, o exarple) has also created problems with patents
granted for the same.

-



B LDy

Ther is growing public anger that certain compainies are being
granted patents for products and technologies that make uwse of the
genetic materials, plants ancd other biological resourmces that hasve long
been identified, developed and wsed by farmers and indigenoi s people
aof a specific fredior f colt oy,

Rice is an imnportant food grain, the presence of which goes back
thouzands of years it Asia’s agicdtural history. There ae an estimated
200,000 varieties of rice in India alone. The diversity of rice in India is
atie of the richest it the world. Basmati rice iz distinct for its unique
armma ancd favour and 27 dooumented varieties of Basmat ame gmown
inn India. There is mferetice to Basmati in ancient texts, folklore and
poetry, as it has been grown for centuries In 1997, an American
corrpany got patent rights on Basmati rice throgh the TS Patent and
Trademark Cffice. Thizs allowed the cormpaty to zell a ‘new’ varety of
Basmati, it the TS and abroad. This ‘tew’ vanety of Basmati had actually
been derived from Indian farmer s varisties. Indiah Basmati was cmossd
with sermi-dwarf varieties and claimed as an inwention or a noeelty. The
patent extends to functiohal equivalents implying that other people
selling Basmati rice could be restrictec] by the patent. Several attempts
hawe alsobeen made to patent wses, products and processes based of
Indian traditional herbal medicines, e.d., turmeric neem If we ame not
wvigilant and we do not imoediately counter thess patent applications,
ather couhtrie s findiviciials may encash on our rich legacy ancd we may
not be able to do anything about it

Blopiracy is the termm used to refer to the wse of bio-resourees by
multinaticnal companies and other organisations withowt proper
authorisation from the ountries atnd people cotwcerted without
cofnpen satory pajrnett.

Mozt of the incdustrialised nations are fich finatdally but poor in
biodliversity and traditional mowledge. In contrast the developing and
the underdewveloped world iz rich i biodiversity and traditicnal
knowlecge related to bio-resources. Traditional knowledde relatec 1o
bio-meaourees cat be exploited to develop modem application s and can
also be wsed to sawe time, effort and expenditure during their
cofrrreTciali satic.

There has been growing malization of the injustice, inacdequate
cofnpensation and benefit sharng between deweloped ancd developin g
countries. Therefore, some nations are developing laws to prevent sach
unauthorised exploitation of their bio-resources and traditional
kol ecige.

The Indian Parliament has recently deared the seoond amendoent
of the Indian Fatents Bill, that takes such issues into consicderation,
including patent terms emergency prowisions and research and
cleweloproent it tiative.
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1.

SUMMARY

Biotechtology hee given to humars ssveral usefil products by using :
microbes, plant, animals and their metabolic mackitery. Fecom bitant |
DHA teckmology haz made it pozzible to enginesr microbes, plantz |
and animals such that they have nowel capabilities, Genetically |
Modified Orgatiizms hove been crested by using methods other than
fisbural methods to trasfer one of more genes fiom ore ofganism to |
another, generally using techniques such as recombinant DNA
technlogy.

G plaits home besn usefd it itcreseitg orop pelds, reduce post |
harvest loeses arnd male crope more tolerart of stresses. There are ;
several G crop plads with anproved roddritions] welue of foods aed
reduced the reliarce on chemical pesticides (pest-resistant crops].

Feocombitant DA techhnologfical processes have made immetse |
irnpact ity the area of hesltheare by etwbling mass production of safe |
ard more effective therapeitics. Since the recombinent therapeitics
are idertical to human proteins they do not induce urmvanted
imroinologcsl respormes and are free from sk of infection as weas
obeerved in caze of similar products isolated from rorehoman sources.
Human in=ulin iz made in bacteria pet itz stoucture iz abeolutely :
idetitical to that of the natural moleculs.

Transgenic animals are also wsed to widerstand how genes
cottribge to the dewelopment of a dizease by semving as models for ;
human disesses, such az carcer cystic fibrosis, rheumatoid arthmitis
and slrheimerss,

dene therapy iz the insertion of genes into an individualz cells |
ard tissues to trest dizesses especislly hereditary diseases. I does
20 by replacityd a defective mutant allele with 2 fgctions]l one o §
gere targeting which wmolwes gene amplification Viruses that attack |
their hostz and introduce their geretic material indo the host o= as
part of their replication cpcle are used a2 wectors to transfer healthy !
getes of more fecently portions of genes.

The current irderest in the manipidation of mictobes, plants, add |
anifnalz has raised serioE ethical questions.

EAERCEES

Crpstalz of Bt towxin produced by zome bacteria do not kll the bacteria
themaelves becalse -

[&) bacteria are resistant to the toxin

(b towxin iz iroroabice;

[ toxin iz iactive

[d) bacteria encloees foxin it a special zac.

What are transgenic bacteria? Mustrate using sy one example.
Compare atd cortrast the advwartages ard dizadwantages of production
of genetically modified crops.
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WWheat are Cry proteins? Hame an orgenistn that produce it How has
man exploited this protein to his berefit?

What iz gene therapy? Ilustrate using the example of adenosire
deaminase [AD4] deficisncy.

Digrammatically represent the expeanmental steps in cloning arnd
expressing an human gre [sap the gene for grovth hormons] indo 2
bacterivmn lilke B coli?

Car pou suggest a method to remove oil (hpdrocarbon) from seeds based
on pour understarding of DA technology and chermistry of odl?

Fird ot from internet what is golden rics.
Doss our blood have protesses snd miclesses?

Consult internet and find out how to malke orally active protein
pharmaceitical. What is the major problem to be encoantered?
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Civersity B not only a characteretic of lving organisms bot
ako of contentin biology textbooks. Biology is presented either
as botany, zoology and microbiclogy or as classical and
modern. The later is a euphemism for molecular aspects of
biclogy. Luckily we have many threads which weave the
different areas of biological informotion into o unifying
principle. Ecology is one such thread which gives us o holetic
paspeciive tobiclogy. The essence of biclogicalunderstanding
is to know how organisms, while remaining an individual,
interactwith other organisms and physical habitats as o group
and hence behave lke organised wholes, i.e., population,
community, ecosystem or even a8 the whole biosphers.
Ecology explains to us allthie. A particular aspect of this B the
study of anthropogenic environmental degradation and the
socio-polticalissues it has raised. Thie unit describes aswell as
takes a crifical view of the above aspects.




Ramde o bdisrd b revered as the Father of Ecology in India. Born on 26 August
1208, Ramdeo Miera obtaine d Ph.Din Ec ology [1937] under Prof.w. H.Pearsal,
% FRS, from Leeds University in UK. He establehed teaching and research in
“ecology at the Department of Botany of the Banaras Hindu University,
waranasi. His research laid the foundations for understanding of tropical
communitias and their succession, environmeantal responses of plant
populations and productivity and nutrient cyvcling in tropical forest and
arassland ecosystens. Misra formulated the fist postgraduate course in
cacology inIndig. Swersl scholars obtaine d Ph. D dagree under bk supernskion
i ond moved on fo otheruniversities and rese arch institutes to initiate scology
teaching and research acroes the country.
He was honoured with the Fellowships of the Indian Mational Ecience
R’E*]“;E;f"] ;‘2;;"’* Academy and Wodld Acade my of Ars andScience, and the prestigious Sanjoy
Sandhi Award in Environment and Ecology. Due to his efforts, the
Sovernment of India established the Mational Committes for Environme nital
Planning and Coordination [1972] which, in later vears, paved the woy
for the establishment of the Ministry of Environment and Forests [1754).




CHAPTER 13

ORGANISMS AND POPULATIONS

131 Organize andts
Erotronmnent

13.2 Populations

Cuir living world is fascinatingly diverse and afnazingly
cormplex. We can iy to understand its complesity by
ive stigating processes at warious levels of biological
organization—maciomoleciles, cells, tizsues, organs,
incivicual organisms, population, commminities ancd
ecosystems and biomes. At any level of biological
Orgatization we can ask two types of questiohs — for
exarmple, when we hear the bulbul singing eary moornin g
it1 the gamlen, we may ask — How does the bird sing'
O, Why does the bird sing ¥ The how-tiype” question s
el the mechanish: behind the process whils the wiy-
type questions sesk the significanoe of the process. For
the first question in our exarmple, the answer rmight be in
termns of the operaticg of the woice box and the wibrating
bone in the bird, whereas for the second question the
answer maylie in the bird's need to cormrrani cate with its
rmate during bresding sea somn. Whetl 17013 obsene nature
arounc o with a scientific fame of mind jou will
certaitly comne 1up with meny interesting questiots of both
types - Wy are night-Boeotinng foloers genenoiy unite?
Howr does the bee know ohich, flover fuas nectar? W
does eddies haee 30 mwang thorns? How does the duck
recognise her oon fether?, anc so o
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You have already learnt in previous classes that Ecology 1s a subject
which studies the interactlons among organisms and between the
organism and its physical (ablotic) environment.

Ecology is basically concerned with four levels of biological
organisation —organisms, populations, communities and blomes. In this
chapter we explore ecology at organisimic and population levels.

13,1 Oncaniey anD Irs BovimonumENT

Ecology at the organismic level is essentially physlological ecology which
trles to understand how different organisims are adapted to their
environments In terms of not only survival but also reproduction. You
may havelearnt in earlier classes how the rotation of our planet around
the Sun and the tilt of its axls cause annual variations in the intensity
and duration of temperature, resulting in distinct seasons. These
variations together with annual varlation in precipitation (remember
precipitation includes both rain and snow) account for the formation of
major blomes such as desert, rain forest and tundra (Figure 13.1).

Mean annual temperature {°C)

Tropical forest

Temperate forest

Conliferous forest

Arctic and Alpine tundra

-15 T T T T T T T T T
50 100 150 200 250 300 350 400 450

Mean anmual precipitation {cm)

Figure 13.1 Biome distribution with respect to annual temperature and precipitation

Regional and local varlations within each biome lead to the formation of a
wide variety of habitats. Major blomes of India are shown in Figure 13.2.
On planet Earth, life exists not just in a few favourable habitats but even
1n extreme and harsh habitats — scorching Rajasthan desert. perpetually
rain-soaked Meghalaya forests, deep ocean trenches, torrential streams,
permafrost polar reglons, high mountain tops, bolling thermal springs,
and stinking compost pits, to name a few. Even our intestine is a unique
habitat for hundreds of specles of microbes.
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Figure 13.2 Major biomes of India : (a) Tropical rain forest; (b) Deciduous forest;

(c) Desert; (d) Sea coast

What are the key elements that lead to so much variation in the
physical and chemical conditions of different habitats? The most
important ones are temperature, water, light and soil. We must remember
that the physico-chemical (abiotic) components alone do not characterise
the habitat of an organism completely: the habitat includes hiotic
components also— pathogens, parasites, predators and competitors— of
the organism with which they interacts constantly. We assume that over
a period of time, the organism had through natural selection, evolved
adaptations to optimise its survival and reproduction in its habitat.

18.1.1 Major Abiotic Factors

Temperature: Temperature is the most ecologically relevant
environmental factor. You are aware that the average temperature on
land varies seasonally, decreases progressively from the equator towards
the poles and from plains to the mountain tops. It ranges from subzero
levels in polar areas and high altitudes to »50°C in tropical deserts in
summer. There are, however, unique habitats such as thermal springs
and deep-sea hydrothermal vents where average temperatures exceed
100°C. Ttis general knowledge that mango trees do not and cannot grow
in temperate countries like Canada and Germany, snow leopards are not
found in Kerala forests and tuna fish are rarely caught beyond tropical
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latitude s in the ocean. Yo can madily appreciate the significance of
termperature o living organisins when jou ealize that it affects the kinetics
of enspmes and through it the basal oetabolism, activity and other
physiclogical functions of the organism. A few organisms can tolerate and
thrive ity awick ranyge of temperatires [they are called evrythersnal] but, a
wast majority of thern are mstricted to anarmmw range of termperatums [such
orgatizmns are called stenothersmal). The lewels of thermel tolerance of
different species determrine 10 a large extent their gengraphical ci stribiatiod.
Can ot thunk of a fewr ewrythertral and stenothersnal anoials and
plants?

Inrecent years, there has been a growing concern abonat the grachaally
increasing average global femmperatures [Chapter 16). [F this trend
conbinues, told gou expect e distrifationa range of sorme species o
be qieded?

Water: Mezt totemrmperatiure, water is the moat inmportant fa ctor influsncng
the life of organisms. In fact, life on earth originated in water and is
unsistainable withodut water. s avaiabilityis 0 limnted indeserts that
oty special adaptations make it possble to live them. The productivity
and distribution of plants is alsoheavily depencdent on water. Yoo moigdht
think that ofganizms living it oceans, lakes and rivers should not face
aty water -mlated problems, butitis nottrue. For aquati c ongand sms the
quality [chemical composition, pH] of water becomre s irnportant. The salt
coticentration [freasured as salinity in parts perthousand) , iz less than
& per cent in inland waters, 30-35 per cent the sea and = 100 per cent in
sofre hypersaline lagoons. Sofne ordat srs are tolerant of & wide rangs
of salinities [euryhaline] but others ame restricted 10 a naroow range
[stetiohaling]. Many feshwater animals canhot live forlongin sea water
andwice versa because of the osmotic pmoblems, they would face.

Light: Since plants produce food throagh photosinthesis, a pmooess which
iz ol possible when sunlight is awailable as a source of e gy, We can
quickly understand the importance of light for iwving organismms,
particitlarly autotmophs. Dangy species of srall plants fherbs and shruabs)
gromwing it forests ame adapted to photospnthesise optine ly wnder very
low light condition s becauss they are monstantly overshacdowed by tall,
catnopied tree s Many plants amre also depenicent on sunlight to meet their
photoperiodic requirernent for flowering, For many animal s too, light is
imnportant it that they 1z the diumeal and seasonal variations it light
intensty and duration [photoperiod] as cues for tinnng their foragng,
reprochuctive and i gratory activities. The availability of ight on landis
closely linked with that of temmperatuume since the sun is the souree for
both. But, desp (=500 in the oceans, the environment iz perpetually
dark ancdits inhabitant s ame not aware of the existence of a celestial souiree
of energy called Sun. Wil then is thelr souirce of energy?). The spectral
gqualityof solar radiation iz alsoimportant forlife. The TV comnpotiett of
the spectrum is harmful to many organismns while not 2l the colouar
conrpotients of the visible spectrumm are available for marite plants living
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at different depths of the ocean. Arong the red, green and Browon qigas
ot (nfuhll the sed, wiuch s Wely o be found (n e deepest oalerss
Wiy #

Soll: The nature and properties of soil in different places wary; it is
depeticent on the climate, the weathering process, whether soil is
transported of sdirentary andhow soil developrrent occurmed. Various
characteristics of the soi such as soil composition, grain size and
aggregation deterrmine the peroolation and water holding capacity of the
s0ils. These characteristics along with parameters such as pH, mineral
corrposition and topography determmine o alarge esfent the wegdetation in
atyy area. This iz it turn dictate s the type of atimals that can be supportec
Sirtrilarly, in the aquatic environmrent, the seditrent -characteristics often
ceterrmitie the tipe of benthic animals that can thrive there.

13.1.2 Responses to Ahiotic Factors

Hawing realised that the abiotic condition s of mang habitats magy vary
craztically i titme, we now ask-how do the organisis Weing o such
fwrbibal s cope of muanage withy stressful condiion s Buat before attempting
to answer this question, we shouild perhaps ask first why a highly wariable
gaternal environment should bother organismes after all. One wodd expect
that during the courss of million s of pears O their existernce, many speces
would have evolved a relatively cotistant internal (within the bocdy)
enyimnirent that permits all biocherrical reactions and physolog cal
functions to proceed with mazimal
efficiency and thus, enhance the owerall
fithess of the species. This constancy, for
gxample, coild be it terms of optirnal -
temperatiure ahd osmootic ootcetn tratice of
body fluics. Ideally then, the organism
shonld try to maintain the constancyof its

horreostasis) despite warping external
environmental conditions that tencd to
upset its homeostasis. Let ws take an

internal enwronment [a process called E -

analogy to clarify this important concept. ket

Exirenal Level—-

Suppose a persot is able to pefform bisf
her best when the ternperature is 26% and Figure 13.3 Diagrammatic representation of
wizhes to maintain it so, evetl whet it iz OTFaTisTnic Iespoise

soorchingly hot or freezingly cold cutsice.

It ooiald be achieved at home, it the car while travelling, atc at worlopla e
by wsityd an air conditioher it sumiiner and heater in winter. Thet his/f
her performance would be always maximal mgardless of the weather
arouicl himy/her. Here the person’ s homeostasis is accomplished, not
throwgh physiological, but artificial means. How do other oing
Organistng oope wth e sitation? Let 1s look at wariow s possibilitie s
[Figure 13.3).

1
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Regulate: Sore organiss are able to maittain homeostass by
physiclogical [sometitres behavioural alzo) mean s which ensures
cotistant body temperature, constant osootic concentration, ete.
All birds and marmals, and a wery few lower vertebrate and
invertebrate species are indeed capable of such regulaticon
[thermorefulation and osmnoregulation].  Esclutionary biclogdists
believe thatthe success” of manmmals is largely due to their ability
tomaintain a constant body temperature and thrive whether they
live ity Antarctica or in the Sahara desert.

The e choani sms used by most marmnmals oregulate their bocky

temperatie ame sflar tothe ore s that we hirmen s wse. We madittain
a onstant body termperature of — 37C. In sunmrer, when outside
temperature is moore that olir body temperature, we sweal profilsely.
The rezulting evaporative coolitng, sifrdlar to what happens with a
desert cooler in operation, rings down the body termperature. In
wititer whetn the tefrperatire iz oo ch lower than 37C, we stal to
shiver, a kind of exercise which prodiices heat and raises the body
temmperatuure.  Flants, on the other hand, do not have such
mechani sms tomaintain internal temmperature .
Conform : An overwhelrmn @ majority (B9 per cent] of animel s ancd
nearly ol plants cantot maintain a constant internal environment.
Their body tenperature changes with the ambient ternperature. In
aguatic animels, the osmotic coticentration of the body fuids
change with that of the ambient water osmotic concentration. These
anifnals and plants are sAmmply conformoers. Consicering the benefits
of a constant intemal environmment 1o the ordanism, we omist ask
why these cotformrers had nof evolved to become egulators. Fecall
the hman analogy we used above; miuch as they ike, how many
people can really afford an air conditicner? Many soply sweat it
out’ and resign themselves to suboptimal performance it hot
surmrer nmonth s Themoregulation iz eneqieti cally expen sive for
matly orgatisms. This is particilarly true for smell animals lile
shrews and hunmmin g birds. Heat loss or heat gain is a function of
surface area. Sitce small animals have alarger surface area melative
totheir volume, they tend tolose body heat very fast whet itis cold
outside; then they have to expend mach energy to generate body
heat throgh metabolismm Thisis the main masot why ey small
animals ame raely found in polar refions. During the course of
evalutiot, the costs and benefits of maintaining a cofistant internal
ervdrorent are taken into consideration. 3omre species hatve evolvecd
the ability torefdate, but only over a imited rangs of envincnrmental
cotiditior s, beyond which they simply cotiform

If the stressful extemal conditions are locali sed or remnain only
for a short duration, the organism has twoother alternatives.
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[iii] Migrate: The crganism can mowve away temporacily from the
stres sfidl habitat toa more hospitable amrea and return when stres sfiil
period iz over. In human analogy, this strategy is like a person
moving from Delhi to Shimla for the duration of sumimer. Mangy
animeals, particulady birds, chring winter undertalee o g-chi starn ce
mogrations o mmore hospitable areas. Esery winter the famons
Eeolado Matiotal Farke [Bhartpur] in Rajasthan host thou sands of
migratory birds coming fnom Siberia and other eatremely colcd
northern regots.

[+ Suspend:Inbacteria, fung ancd lower plants, wanoas inds of thicke-
walled spores are formed which help themn to sursive unfavourable
coudlition s —the s gertrinate on awailability of suitable endronment.
It1 higher plantz, seeds and some other vegdetative meprochictive
stractums serve as foeans totide over periods of stre ss besices helping
ity disperszal —they germinate o form new plants uncer favourable
rooisture and termperatiue conditions. They do o by educing their
metabolic activity and going intoa date of ‘cormancy?

In anirmals, the organism, if unable to oo grate, might avoid the
stress by escaping in tire. The famniliar cas of bears going into
fuberrtion during witter is an example of escape in titme. Some
snails and fish go into aestication 10 avoid sunmmer—-relatecd
problerms-heat and desiccation. Tnder unfarourable conditions
many rooplankton species in lakes and poncds are known o enter
digparize, a stage of suspended developient.

13.1.93 Adaptations

Wihile considering the warnious alternatives awaiable to organisms for
copityd with exfremes i their enwronment, we have seen that sone are
able to espond thrmagh certain physiological adjustmments while others
co =0 behaviourally [mograting termporanily to a less stessful habitat].
The & responses are also actually, their adaptations. So, we can say that
ada ptatiom iz any attribute of the organism [orphological, phpsdogical,
behavionaral] that enables the organism to survive and reprochice in its
habitat. Many adaptationn s have ewlved oner a lotyg evoluticnary timne
and are gnetically fized In the absnce of an eaternal source of water,
the kangaroo rat in North Amrerican deserts is capable of meetitg all its
water requirerments thimagh its internal fat ceidation (in which water is
a by pmocluct]. It alzo has the ability to concentrate itz wrine so that
rrinifnal wolume of water is used to remmove excretory proclucts.

Ilatiy desert plants have a thick cuticle on their leaf surfaces and
hamwe their stommata arranged it deep pits 1o minindse waterloss throwgh
transpiratiots. They also have a special photosythetic pathway [(CAM)
that enables their stommata toremein clossd cunng day tine, Bone cesert
plants lilke Cpuntia, have no leaves — they are recluced to spine s—and the
photosinthetic function is taken over by the flattened stems.

-
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Mlarrmmals fmorm colder ditmate s generally have shorter ears and limbs
to mitirmise heat 1oz [This is callecl the Allen's Rule] Inthe polar seas
aquatic marnmals like s=als have athick lager of fat (blubbern) below their
skl that acts as an insilator and redices 1oss of body heat.

Some orfanizimns possess adaptations that are phuysiologicdl which
allow thern to respond quickly toa stressfidl stuation. I pou had ever
beety to aty high altitude place (=3.500m FEohtang Fass near Manali and
Mansanowar, it Chita occipied Tibet)] 1o must have experienced what
iz called alfituds sickness. s spmptoms incdude nadsea, fatigne and
heart palpitatictis. Thiz iz because in the low attnospheric pressure of
high altitudes, the bodydoes not get enoigh oxpgen. Bat, gradaally jou
get acclitnatized and stop experiencing altitude siclness. Haoo did gour
Body soloe fhis profend? The body compensates low capgen availability
by incmreasing red blood cell procii ctiot, decreasityg the binding capacity
of henog@obin and by increasing breathing rate. Mangy tribes lice 0 the
fugh altitude of Hirvalayas, Find ol § they norneailly hoaee o b her red
Blood cell cound for tobal hermoglobing fhean people Woing o the @ains,

In nost animals, the metabolic reactions and hence all the
physiological functicts proceed optimelly it 4 narmow terperature mange
[it1 humans, it is — 37C). But there are micmbes [archasbacteria) that
flourizh in hot springs and deep sea hidrothermal vents where
ternperature s far excesd 100%C, How is this possible?

Mty fish thrive ity Antarctic waters where the temperature is always
below zero. Howe do they suandge to beep theld body Fitids frosn Jreesing?

Alarge variety of marine inwertebrate s and fish live at great depths in
the omzan wherethe pressire could be =1 00 fifnes the normal atioospheric
pressume that we experienice. Howr do theg e wnder suo orushing
pressures and do fheq fulte ang specldl NSy fmes? Orfatisms living in
such extrerre enwironments show a fascinating array of biochernical
aclaptatiotiz.

Bofre orgatisins show behawoural mspotess 1o oope with wariation s
ifn their envimnirent. Deszert lizards lack the physcological ability that
rmarmals have todeal with the high ternperatumes of their habitat, but
rmanage tokeep their body temperature fairly constant by behasioural
means. They bask in the sun and absorb heat when their body
temperatiie drops below the comfort zohe, but moee into shace when
the ambient ternperatue starts indreasing Some spedes are capable of
burrowing ittto the soil to hide and escape from the above-ground heat

132 Pomnsmons

13.2.1 Population Attributes

11 tratiure, we rarely find isolated, sngle indiviciials of any specie s, ajority
of thern live it dronaps it a well defined geographical amea, share or cormpete
for similar resouroes, potentially intertresd and thus constitute a
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population. Although the term interbreeding implies sexual reproduction,
a group of individuals resulting from even asexual reproduction is also
generally consldered a population for the purpose of ecologlcal studies.
All the cormnorants in a wetland, rats in an abandoned dwelling, teakwood
trees In a forest tract, bacterla in a culture plate and lotus plants in a
pond, are some examples of a population. In earlier chapters you have
learnt that although an individual organism is the one that has to cope
with a changed environment. it 1s at the population level that natural
selectlon operates to evolve the desired tralts. Population ecology is,
therefore, an important area of ecology because it links ecology to
population genetics and evolution.

A population has certain attributes that an individual organism does
not. An individual may have births and deaths, but a population has birth
rates and death rates. In a population these rates refer to per capita births
and deaths, respectively. Therates, hence, are expressed 1s change in numbers
fincrease or decrease) with respect to members of the population. Hereis an
example. If in a pond there are 20 lotus plants last year and through
reproduction 8 new plants are added, taking the current population to 28,
we calculate the birth rate as 8 /20 = 0.4 offspring per lotus per vyear. If 4
Individualsin a laboratory population of 40 fruitflies died during a specified
time interval, say a week, the death ratein the population during that period
1s 4/40 = 0.1 individuals per fruitfly per week.

Another attribute characteristic of a population 1s sex ratic. An
individual is either a male or a female but a population has a sex ratio
(e.g., 60 per cent of the population arefemales and 40 per cent males).

A population at any glven time 1s composed of individuals of different
ages. If the age distribution (per cent individuals of a glven age or age
group) is plotted for the population, the resulting structure is called an
age pyramid (Figure 13.4). For human population, the age pyramids
generally show age distribution of males and females in a combined
diagram. The shape of the pyramids reflects the growth status of the
population - (a) whether it 1s growing, (b) stable or (c) declining.

Post-reproductive L 1
Reproductive r‘é%“—\

Pre-reproductive [

Figure 13.4 Representation of age pyramids for human population

The size of the population tells us a lot about its status in the habitat.
Whatever ecological processes we wish to investigatein a population, be
it the outcome of competition with another specles. the impact of a
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predatorar the effectof & pesticice application, we always evaluate thern
ity termms of any change in the population size. The size, in nature, could
be aslow as <10 [SBiberian cranes at Bharatpur wetlands in any year) or
go ittto millions [Chilamgdetronas in a pond]. PFopulation sige, more
technically called population density [designated as M), nesd not
tiecessarily be measured in numbers only. Although total number is
generally the most appropriate measure of population density, it is in
sOnE cases either reaningless of difficult to determine. Inoan area, if
thers are 200 Partheniorn plants bt only a single hige banjan tree with
a langde canopy, statitg that the popidation dersity of banarn i slow relative
to that of Parftheniumamoints to underestitnating the enormoon s rols of
thie Barfraty it that commmanity. In such cases, the per ent coneror biomnass
iz a more meaningfial measure of the population sze. Total numberis
again not an easily adoptable measare if the population is hige and
counting is impossible or very tire-consurming. I goo fuiee o dense
taboratory cudtre of bacterix o pebnl dish, wohutt s the best medsre o
repert ibs densily 7 Sometimmes, for certait ecological investigatiohs, thers
is 1o need to know the absolute population densties, relative densities
serve the purpose equally well. For instance, the number of fish caught
per trap iz good encagh measure of its total popud ation density in thelake.
We are mostly obliged to estitnate population sizes indirectly, without
actually counting thermn or seing therm. The tiger census in oar national
parks and tiger reserves is often basedon pug marks and fecal pellets.

13.2. 7 Population Growth

The size of a population for any species is not a static parameter. Ithesps
changitug it tine, depetding on warions factors incdwcding food availability,
precdlation pressure and recluce weather. In fact, it is these changes in
population density that gvwe ws some idea of what is happening to the
popidations — whether it iz flourizhing of declining, Whatewer mght be
the ultimate rea sons, the densityof a population in a given habitat charing
a given period, ductuates due to changes in four basc processes, two of
which matality and irm@gration] contaibate an increa s in population
detizity and two fortality and e gratioh) 1o a decrease.
il Natalifymfers tothe number of births during a given perod inthe
popitlatiog that ame acdded to the initial density.
[i] Mertalify isthe number of deaths in the popllation during a given
period.

[i] Frundgrationis the number of indivickals of the same species that
hawe corme into the habitat friom elsewhers durning the tire period
tinder con sideratiot.

[i¥] Emigration is the mumber of individuals of the population who
left the habitat and gone elsewhers during the tirne period uncder
cofEiceration.
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8o, if M is the population dehizty attime t, thenits densityattimet +1is

N,,=N, +[B+] -0 +El

Toid can zee Imm the abowve equation that population density will
increase if the number of births plus the number of irmgrants B + 1) is
roore that the nurmber of deaths plus the number of emigrants (D + E).
otherwize it will decreas. Uhder normal conditions, births and deaths
are the most important factors influen cing population density, the other
two factors assuming inportance ofly uncder special conditions. For
instance, if a new habitat is just being colonised, immigration majy
cotitribute oore significant]ly o population growt b than birth rates.
Growih Models | Does the growth of a population with tirme show ang
specific and predictable pattern? We have beet cotueemed abot unbricled
hurman population groweth and problemns created by it it our country
and it is therefore natural for ws to be curiows if different aninal
populatiofs in nature behatwe the same way of show some restraints on
gmowth. Ferthaps we can learn a lesson of two fom nature on how to
cofitrol popalation growtt.

il Exponential groudh: Resource [food and space] awailability is
obwiously essential for the unimpeded goowth of a popualation.
Ideally. when resources it the habitat are unlimited, each species
has the ability torealize fullyits innate potertial to goomw it namber,
as Darwin ob served while developing his theory of natural selection.
Then the popilatich gromws in an expotential of gecmetric fashion.
If itn a population of sze M, the birth rates [not total number buat

-
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per capia births) ae represented as band death rates [again, per
copita ceath rates] as d. then the inorea s of decreas in M cuning a
1init tirme period t(AN/ct) will be

AN/t =[b —d) = I

Let [b—) =1, then

aM ot =11
The rinthis equatiotis called the ‘intrinsic rate ofnatural increass’
andis aeryimportant parameter chogen for assessing impact s of
any biotic or abiotic factor o population gromth.

To give you sone idea about the magnitude of © walues, for the
Momeay rat the riz 0.015, and for the flour bestle it is 012 In
1931, the r value for human population it cia was 00206, Flnd
aut Lotual the currendt ©ooditee (50 For coioudabing o, gots need b
knoo the Bt rates and death rates.

The abowe equation describes the expotietitial of geametric growthy
pattem of a popidation (Figume 135 andmesults ina J-shaped oune
when we plot W in relation to tiree. If ou are farmiliac with basic
calodis, ol can defive the integral form of the
exponen tial gromth equation as

M, =N, e
where
I, = Fopulation density after time t

denaity (N)—s

M, = Fopulatioh den sty at tire zero

r =intrinsic rate of tatural inerease

& =the bas of naturallogarthms (2. T1528)
Any specie s growitg expotiettialliy uncer unlitoitec

Ny

mEsorce corciticts catn freach efnofmnous popitlation
cenzities it a short time. Darwin showed hioow eve

Tleows () —n-

L 13.5 Fopulation growth curwe a slow growitid anitnal like elephant could reach
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a when responses are not  epormoous numbers in the absence of checks. The
limiting the growth. plot &5 pjoeeing i3 an anecdote populardy narrated to

Eﬁﬁ?‘iﬂ rses are limiting demonstrate dramatically how fast a huge

the growth phbt is logistic, population cowld build up when growing

K iz cammying capacity expotettially.
The king and the minlster sat for @ duess gane, Thee king, confident
af inning the garne, s Fedod) to docepl angy bet proposed by the
fnister The tnister hoombly said that oF foe won, he wanted only
sotvee Lohedt grains, thue guenbiy of vehich st be calordabed, by placing
an the chess board one grain i 2guare 1, then @oo o Sguare 2,
fhuen four in Squicre 3, ancd eght nSquare 4 and sooon, doubling edd
ftire e pretioles quezniity oF wofuedt on the e sguare onid afl the G4
squicies were filled  The king adoepled the seermngly sty bal and stanted
e garme, bt univickly for e, the sencster won, The kng fed thet aiiing
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the reinister's bel wds so easy. He started wibh o single gron on
the first square and proceeded bo il the offuer sguanes Jolouoing
tinster's suggested procedure, ok by the tire he covered, folf the
chess board, fhe kng realized to iz dismay oot all the wieat
produced. (N hus entire kingodom pooled togethuer would stil be
(Aadeguimte Lo coter @il the 84 sguares. Now think gf o ting
Pararmeciioe staming v just one ndicidud, and, throogh, iy
Jission, daubling n noebers etery o), and nagine Lotual O find-
bogagling popodaiion s@e o woudd reach in &4 day s fprosided, food
and space Fenwin wnitnbed)

[ii] Legistic grewdth: Mo population of ang species in nature has its
clispozal unlirmited resources to peroiit exponential growth, This
leadls to competitiots between individuals for Loited msources.
Esentually, the Tittest” indivichial will sundse and meproduce. The
govertniments of many countries have also realised this fact and
introchaced varions restraints with a siew tolitoit humean population
gmwth. In natue, a gwenhabitat ha s encough resources to support
A mazinmn pos sible mirnber, bejond which no further gmowth iz
possible. Let s call this indt as nature’s carrying aapacity [E) for
that species it that habitat.

& popralation growing in a habitat with lingited resources shom
itnitially a lag phase, followed by phaszes of acceleration atcd
deceleration and finally an asymptote, when the population density
reaches the carrjng capacity A plot of W in relation o tine (i)
results in a sigroid cure . This type of popud ation growthiis called
Verhudst-Fear, Logistic Growoth (Figume 13.8] and is described by
the followitg equation:

L (E-N

il St = 1 [T]

Where M =Fopulation density at time t
r=Intrinzic rate of natural iterea ==

K= Carrying capacity

Sitvee resmarces for growth for most anitnae] popudations are finite
and become limiting sooter or later, the logistic gowth mode] is
cotisicered a more realistic one.

Gather fromn Gooerniment Censtis daba the popodation figures
Jor Indid for thee last 100 gears, plot thes and, dheck which groeth
pattem s ecident.

12.2.3 Life History Variation

Fopulatiotiz evolse to et s their reproductie fithess, also called
Darwinian fitness (high rwalue), in the habitat in which theylive. Under
aparticular set of selection pres s s, ordanisins evd e towarls the oot
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efficient reprochuctive stratedy. Some organisms breed only ofce it their
lifetitne [Facific salmnon fish, bamboo] while others beed many timnes
during their lifetime [fnost birds and manrnals). Some prochice a large
titmber of small-sized of spring [(Oysters, pelagic fishes while others
procluce a sall number of lange -sived offspring (binds, manmmals]. So,
which iz desirable fof meEinizing fithess? Eoologsts sugiest that life
history traits of orgatisms have evolved in relation to the constraint s
imnposed by the abiotic and biotic commponents of the habitat in which
they live. Esvolution oflife hi story trait 5 it different species is currently an
itnport ant area of research being cotwchucted by ecolog s,

13.2.4 Population Intera ctions

Can o thinkt of any natural habitat on eafdhthat is inhabited just by a
single species? There iz no such habitat and such a situation iz ewen
inmnozivable. For any species, the minimwel requitement is ohe more
species o whichit can feed. Even aplant spedes, which make s its own
oo, catitt sarve alohe it needs sodl i cobe s to brealk down the crgatic
rmatter in soil and return the inorganic nutrients for absorption. And thern,
how will the plant manage pollinatics without an animal ageat? Itis
obvicias that in nature, anitmals, plant s and ienobe s do oot and cannot
live it izolaticn but interact in warious ways 1o form a biological
corrmnunity. Esven in minimal corrmmunitie s, many interactive linkages
eaist, althoigh all may not be readily apparent.

Interspecific interactions arise from the interaction of populations of
two different species. They could be benefical, detritnental or newtral
[tieither harm nor benefit] to one of the species or both. Assigning a *+"
sign for benefidal interaction, *-" sgh fof detrimental and O for neutral
interactionn, et ws loolk at all the possible outcones of interspecific
ittteractions [Tatleld. 1)

Table 13.1 : Population Interactions

Species A Species B Name of Intermction
+ + T b iz v
- — Catnpetian
+ - Fredation
+° - Farasitizie
+ Q Clarnrrens alizrn

- 0 Arrems aiise

Baoth the species berefit in mutaalism and both 1oee in eempetition in
their interactions with each other, In both parasitism and Predation only
otie specie s benefits [parasite andpredator, mspectivel}] and the mteraction
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is detrimental to the other species (host and prey, respectively].
The interaction where ohe species is benefitted and the cther is neither
benefitted nor hammed i5 called commensalism. In amensallsm on
the other hand one szpecies is harmed whereas the other is
unaffected. Fredation, parasitismand comamen salisms share a cofrron
characteristic—the interacting spedes live closely together.

il Predation: What would happen to all the energy fved by
autotrophis organistns F the conmrinity huas ne anomals et the
Ponts? Yo can think of preclation as nature’s way of transerning
1o higher trophic levels the energy fised by plants. When we thitl
of predlator and prey, most probabli it is the tiger and the deer that
reaclily corme to o mand, Bt a sparnow eating any seed is noless
a predator.  Although animals eating plants are categorizec
separately as herbirores, they are, in a broad ecological contest,
tiof, wery differet t fromn precators.

Besides acting as ‘conchiits” for enerdy transfer acmss trophic
Ievels, predators play other important roles. They keep prey
populatiohs thder cotitrol. Bt for predators, prey spedes could
achieve very high population densities and cause ecosystem
itistability. When certain esotic species are introcduced into a
geographical area, they becone invasve and start spreacing fast
becaze the inwvacked land dioe s not hate its natural predators. The
prickly pear cactus intmoduced into Australia in the early 1920%
catsed hawoo by spreacitg rapicdly into oillions of hectares of
rangeland. Finally, the invasive cactis was browght uder oottml
arly after a cacti s-feeding precator (a moth)] from its nataral habitat
was intmocuced itto the ooty Sieloguedl control methods acdoptecd
ity agrictdtaral pest control are based on the ability of the predator
o mgulate prey popldation. Predators alzo help it maittadtisg
species diversity in a commmmunity, by rechucing the intensity of
corrpetition ammohd competing prey species. Inthe mocloy interticlal
corrrrnanities of the Arrerican Facific Coast the starfish Plsasteris
at important predator. In a field experiment, when all the starfish
we e rerronec fiom an enclosed itnterticlal area, oo that 10 species
of invertebrates became eatinct within a jear, because of inter-
specific cornpetiticd.

If a preclator is too efficient and overeaploits its prey, then the
prey might become extinct and following it, the predator will also
become extitict for lack of foocl. This is the reason why predators in
nature are ‘prudent’. Prey species have evolved varion s cefenses to
lezs=n the itnpact of predatioh. Some spedes of insects and fogds
are crypptically-cdoured [comogfiaged) to avoid being dete cted easily
by the predator. Bofre are pod sohioiis and therefore awoicked by the
predators. TheMonarch butterd i ishighly distastefil toits precator

-
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[bird] because of a special chemical present in its body.
Interestingly, the butterfly acguires thiz chemical during its
caterpillar stage by feeding on a poisoromi s weedl.

For plants, herbivore s are the predators. Meady 26 per cent of
all inzects am known to be phytophageus [feeding on plant sap
anc ather parts of plants). The pmoblem is particularly severs for
plants because, unlike animals, they cannot man away from their
predators. Flants therefom hatwe evolwed an astohishing variety of
morphological and chemical defences against herbivoms. Thoms
[Acgcig, Cactis] are the most oo morphological means of
defenice. Many plants prociuice and store chermicals that malkee the
herbivore sck when they are eaten, inhibit feeding or digestict.,
disrupt its reprochiction or even kill it. Yo ooast have seen the
weed Calotropls growitn g in abandoned fields. The plant procduces
highly poisotous cardiac glycosides and that is why 10w nesver see
any cattle o goats brow sitg ot this plant. A wice variety of chefrdcal
substances that we extract from plants on a conmmercial scale
[nicotiteg, caffeite, quinite, strpchiine, opium, ete. ] am procuced
by thern actually as defences against grarers and browsers.
Competition When Darwin spobe of the struggle for existenoe and
survival of the fitte st in nature, he was convineed that interspecific
competition iz a potent force in ofganic evolution. It is generally
believed that conmpetition ocours when closly related species
cornpete for the same resourees that are linmting, but this is not
entirelytrue. Firstly, totally unrelated species ooild also conopets
for the same resource. For instance, in some shallow South
Arrerican lake s wisiting flarningoss and re sdent fishes compete for
their common food, the sooplankton in the lake. Beconcly,
resources need not be limiting for competition o occur, in
itnterference corrpetition, the feeding efficisnc of one spedes moght
be reduced due to the interfering and inhibitory presence of the
ather species, even if resourees [food and space) are abuncant.
Therefore, competition is best defined as a pmoess in which the
fithess of e spedes [measuredin terms of it 3 T the intrinsic rate
of it crease) is signifi cantly lower in the pre sscee of another speciss.
It is relativel ¥ easy to dernonstrate in laboratory experiment s, a8
Gaitse ancd other experimental ecolodists did, whenresources are
lirrited the competitively s1perior species will eventually elirminate
the other species, but evidence for such competitive eaclusion
QCHATing it fatire is ot always coficlisve. Strohg atc persiasive
circumestantial evidence does eaist however in some cases. The
Abingdon tortoize it Galapagos Islands became extit ot within a
decade after goat s were introduced on the island, apparently due
tothe greater browsing effi dency of the goats. Another eviderice for
the occurrence of competition in nature come s from what is called
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‘corrpetitive release’. A species whose distribiution is restricted toa
srall geographical area becatize of the presstce of a competitively
superior species, is found to expand its distributional range
ciratnatically when the corrmpetitng species iz experimentally reroonecl
Connells elegant field experimments showed that on the mcloy sea
coasts of Bcotland, the larger and connpetitively superior barnacle
Balanus domitiates the intertidal area, and excludes the smaller
barnacle Chathermralus fiom that zone. In general, herbivores ancd
platits appear to be more adversely affected by competition than
CATTIWOIE &,

CGanse s ‘Torpetitioe Birdusion Frinciple' states that two closely
related species competing for the same fesoUroe s catnot oo-eEist
indefinitely and the competitively inferior one will be elininatec
eventually. This may be true if resources are limiting, but not
atherwize. More recent studies do not support such gross
generalisation s about competition . While they donot faile ot the
acourrence of interspecific cormpetition in nature, they point out
that species facngd competitioh moght ewolwe mechanisms that
promcte co-exi stenice rather than exclusEion. One such mechanism
iz ‘resouroe partitioning . I two spedes compete for the same
resoirce, they conald atoid cornpetition by choogitg, for instance,
cifferent tirres for feeding or different foragng pattems. MacArthur
showed that five closely related spedes of warblers living on the
same tree were able to awoid cormpetition and co-exist due to
behavioural differen ces in their forading activities.

Parasitisin: Conscering that the parasitic mode of life ensumes
free lIodging and meals, it iz not surpizng that parasitism has
evolved it 50 many tazonomic groups fom plants to higher
vertebrates. Iany parasites hawe evolved to be host-spedfic [they
can parasitize only a single speces of host) in such a way that both
host and the paraste tend to co-ewolve, that iz, if the host ewolvwes
special mechanisms fof rejectitg of msisting the parasite, the
parazite has to ewolie mechanisms 1o counteract and newtralise
them, in arder to be successful with the same host species. In
accordance with their life styles, parasites evolwved special
adaptation s such as the loss of unne ce ssary sEnsse ordans, pressnee
of aclhe sive organs Or s ckeers 1o clitg o to the host, 1o s of digestive
systern and high reprodiuctive capacity. The life opcles of parasites
are dften cormples, involving one or two intemediate hosts or wectors
tofacilitate parastisation ofits prifmary host. The huoen liver e
[2 trermatode parasite] depends on two infermediate hosts [a snail
and a fizh) to complete its life cycle. The malarial parasite needs a
wector [mosquito) to spread to other hosts, Dajorityof the parasites

-
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harm the host; they may recuce the sarvival, growth and
reprochicticty of the host and reduce its population density. They
might ender the host ore wilnerable to precation by moadoing it
physically weak. Do gous Peligoe that an ideal parasite shoudd be
able to thriee codtihun e foest wodheut horrng ©F Then cohy didn't
nortLiral selection lead to the ecolution oF sudh otally uarndess
porasite 57

Parasites that feed on the external surface of the host organisrm
are called edoparasites. The most famdliar examples of this group
are the lice on human s and ticks on dogs. Many manne fish are
infested with ectoparasitic copepods. Cusoida, a parasitic plant that
i corrrronly found growing on hedge plants, haslost its chlorophyll
and leaves in the course of evolution. It derives its nutnition fom
the host plant which it parasitises. The female mosquito is not
cotisidered a parasite, although it needs o blood for reprodacticon.
Can, Yot @xglain tohg s

In cottrast, endoparaszites are those that live insicde the host
body at different sites [liver, kidney, langs, red blood ells, ete].
The life cycles of endoparasites am more cormplex becau se of their
exteme specialization. Their rorphological and anatoimcal fratimes
are greatly sirnplified while etnpha ssng their reprochictive potential.

Brood parasiisnein birds is a fascinating exarnple of para sitism
it which the parasitic bird laysits egds in the nest of its host and
let s the host inciibate them. During the course of esolution, the
egdsof the parastic bird have evolwed to resemble the host's egg in
size and colour torechi ce the chances of the host bird dete cting the
foreign egds and gecting them from the nest. Toy o follow the
movernents of the cuckoo (oel] and the coow it pour neighbort ooc
park during the bresding season [5pring to sunmmer] and watch
brood parasitismn it action.
Comimnensalisin: Thisis the inferaction in which one spe e s benefits
and the other iz neither harmed nor benefited. An orchid gowing
asan epphygte on a mango branch, and barnacles growing on the
bach of & whale benefit while heither the mangotree nor the whale
clerives any apparent benefit.  The cattle eget and grazing cattle in
close association, a sight o are most likelyto cat ch if o live in
farmred rural areas, is a classic egample of commmen zalistn The
edrets always forage close to where the cattle are grazing because
the cattle, as they mone, stic up and flush out form the wegetation
insects that otherwise might be difficult for the egrets o find and
catch. Another exatmpleof coirren salismis the intera chiot betwesen
sea anernone that has stinging tentacles and the cdown fish that
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Figure 13.6 Mutual relationship between fig tree and wasp: (a) Fig flower is pollinated

)

a] (b)

by wasp; (b) Wasp laying eggs in a fig fruit

lives among them. The fish gets protection from predators which
stay away from the stinging tentacles. The anemone does not appear
to derive any benefit by hosting the clown fish.

Mutualism: This interaction confers benefits on both the interacting
species. Lichens represent an intimate mutualistic relationship
between a fungus and photosynthesising algae or cyanobacteria.
Similarly, the mycorrhizae are associations between fungi and the
roots of higher plants. The fungi help the plant in the absorption of
essential nutrients from the soil while the plant in turn provides the
fungi with energy-yielding carbohydrates.

The most spectacular and evolutionarily fascinating examples
of mutualism are found in plant-animal relationships. Plants need
the help of animals for pollinating their flowers and dispersing their
seeds. Animals obviously have to be paid fees’ for the services that
plants expect from them. Plants offer rewards or fees in the form of
pollen and nectar for pollinators and juicy and nutritious fruits for
seed dispersers. But the mutually beneficial systemn should also
be safeguarded against ‘cheaters’, for example, animals that try to
steal nectar without aiding in pollination. Now you can see why
plant-animal interactions often involve co-evolution of the
mutualists, that is. the evolutions of the flower and its pollinator
species are tightly linked with one another. In many species of fig
trees, there is a tight one-to-one relationship with the pollinator
species of wasp (Figure 13.8). [t means that a given fig species can
be pollinated only by its ‘partner’ wasp species and no other species.
The female wasp uses the fruit not only as an oviposition (egg-laying)
site but uses the developing seeds within the fruit for nourishing
its larvae. The wasp pollinates the fig inflorescence while searching
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for sultable egg-laying sites. In return for the favour of
pollination the fig offers the wasp some of its developing
seeds, as food for the developing wasp larvae.

Orchids show a bewlldering diversity of floral
patterns many of which have evolved to attract the right
pollinator insect (bees and bumblebees) and ensure
guaranteed pollination by it (Figure 13.7). Not all
orchids offer rewards. The Mediterranean orchid Ophrys
employs ‘sexual decelt’ to get polllnation done by a
specles of bee. One petal of its flower bears an uncanny
resemblance to the female of the bee In size, colour and
markings. The male bee Is attracted to what it percelves
as a female, ‘pseudocopulates’ with the flower, and
during that process 1s dusted with pollen from the
flower. When this same bee ‘pseudocopulates’ with

Figure 18.7 Showing bee a pollinator another flower, it transfers pollen to it and thus,

on orchid flower

pollinates the flower. Hereyou can see how co-evolution
operates. If the female bee’s colour patterns change even

slightly for any reason during evolution, pollination success will be reduced

unless

the orchid flower co-evolves to maintain the resemblance of its

petal to the female bee.

SUMMARY

As a branch of bioclogy, Ecology is the study of the relationships of
living organisms with the abiotic (physico-chemical factors) and biotic
components (other species) of their environment. It is concerned
with four levels of hiological organisation-organisms, populations,
communities and biomes.

Temperature, light, water and soil are the most important
physical factors of the environment to which the organisms are
adapted in various ways. Maintenance of a constant internal
environment (homeostasis) by the organisms contributes to optimal
performance, but only some organisms (regulators) are capable of
homeostasis in the face of changing external environment. Others
either partially regulate their internal environment or simply
conform. A few other species have evolved adaptations to avoid
unfavourable conditions in space (migration) or in time (aestivation,
hibernation, and diapause).

Evolutionary changes through natural selection take place at
the population level and hence, population ecology is an important
area of ecology. A population is a group of individuals of a given
species sharing or competing for similar resources in a defined
geographical area. Populations have attributes that individual
organisms do not- birth rates and death rates, sex ratio and age
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distribution. The proportion of different age groups of males and
fernales i a popualation is often preserted graphically 2= age pyramid:
its shape indicates whether 2 population is stationsry, growing or
declining.

Eoological effects of sny factors on a population are generally
reflected in s size (population dersityl, which may be expressed in
differert waps koarnbers, biomass, per cent cover, etc,] depending
on the species.

Fopulations grow through births snd immigration and decline
through deaths and emigration. TWhen resources are unlimited, the
growth iz usaally exponential but when resources become
progressivaly limiting the growth pattern turns logistic. In either
case, growth iz ultimately lirmited by the carmying cepacity of the
ermironment The idrinsic rate of natural ncresse (1 is 2 measuns
of the inherent potential of a popralation to grow.

In rnature populations of diffserert species in a habitat do not live
itx isolation gt interact in many waps. Depending on the outcorme
these interactions between two species are classified as competition
(both species suffer], predation and parasitismo [one benefits and the
ather suffers), commensalism [one benefits and the other is
unaffected), amensalisn lone is harmed, other unaffected] and
mutualisn [both species berefit]. Fredation is a wery importamt
process through which frophic ener gy transfer is faciitated ard somme
predators kelp in controlling their prey populations. Flants hawe
evolwed diverss morphological and chemical defenses against
herbivory. In competition, # is presumed that the superior competitor
eliminates the inferior one fthe Competitive Exclusion Principls), bt
maty closely related species have evolved varows mechanismns which
faciitate their co-existerce. Some of the most fascinating cases of
muhaalism in nature are seen in plant-pollinstor interactions.

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

EXERCISES

1. Howizdiapause different from hibemation?

2. I a marine fizsh is placed in a fresh water agquariun, will the fish b=
able o survive? W or why not?

3. Define phenotypic ad aptation. Give one example.

4. Moo=t living organdism s cannot survive at tem perature above 46%C. How ot g
are some microbes able to live in habitats with tem peratures soceeding

b, List the attributes that popualations bt not individuals possess.

6. If a population growing exponentially double in size in 3 pears, whatis
the intrinsic rate of increase (1) of the population?

7. HMame important defence mechanizms in plants against herbivory.

1
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An orchid plant is growing on the branch of mango tree. How do pou
describe thi s interaction betweeen the orchid and the mang tres?
What iz the ecological principle behind the biologicel control method of
managing with pest inssct=?

Distinguizh betusen the following:

(2] Hiberration and Asstivation

(b] Ectotherm s and Exndotherm s

Write a short note on

(2] Adaptations of desert plants and animals

(b] Adaptations of plants to water scancity

(=] Behavioural adaptations in animals

[d] Importance of light to plants

(=) Effect of temn per ature or water scarcity and the adaptations of andmals.
Li=t the vadous abiotic environmental factors.

(rive an exarnple for:

[zl An endothermic animal

(b] an ectothermmic aiimal

(=] An orgamnism of benthic sone

Define population and com ity

Define the following term s and give one sxample for sach:

(2] Commenzalisn

(b] Parasiti=m

(=] Camaouflags

] Mutialism

[=] Irter specific compeatition

With the help of suitable diagram describe the logistic population
groweth curve.

Balect the staternent which explains best parasitism.

(2] Ore organism is benefited .

(b] Both the or gaxi st = are banefited .

(=] Crue organdsm is benefited, other iz mot affected.

] Cme organism iz benefited, other is affected.

Li=t any three important characteristics of a population and explain.
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A ecosystemm can be Wistalisd as a functiohal unit of
nature, whers living orgatd sms interact among themsele s
atid slz0 with the surmounding phisical envmnment.
Erosystem varies greatly in size fnom a small pond to a
large forest or a sea. Many ecologists regard the entire
biosphere as a global emafpstem, as a composite of all
local ecosystems on Earth. Since this systernis toonmich
big and cormplex tobe studied at one time, it is convenisnt
o diwide it into two basic categdories, namely the
terresirial and the aguatle. Forest, grassland and desert
are sofre examples of temestrial ecosystems, pond, lake,
wetland, river and estilary are some exarnples of aguatic
ecosystems. Crop fields ancd an agquariam may also be
oot HECETEC A5 Mat-made ecosy st erns.

e will first ook at the structure of the ecosystem, it
orcer to appredate the input (prochactivity], transfer of
enerdy [food chain /web, nutrient cpcling] and the cutput
[Cegradation and energy loss). We will also look at the
relatiotiships — cieles, chains, webs —that are created as
a msult of these enerdy Iows within the sfstem and their
ititer- rel atiotizhip.
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14,1 Boosysien — BTRISTIRE ann FUmes Tion

It chapter 13, you hawe locked at the warnious components of the
etnvirorrmett - abiotic and biotic, Tou studied how the indivichaal biotic
and abictic factors affected each other and their surmiancing, Let 1z ook
at thess commponent s in a mom integrated manner and ses how the flow of
enenfy take s place withit the s commpohents of the ecosjstem.

Interaction of biotic and abiotic components result in a physical
structure that is characteristic foreach type of ecosysten Identifi cation
and enureration of plant and anitnal species of ah ecosystemn fives its
species cormposition, Vertical distribution of different species ocoupiing
differenit levels iz called stratification. For exanople, tees oocupy top
wertical strataorlajer of a forest, shnabs the sseond and herbs and grasses
o capy the bottorn layers.

The mormponents of the ecosystermn are seen tofunction as a unit when
¥ou cotisicler the following aspects:

[i] Frochictivity;

[ii] Decornposition;

[iii] Etergy Qo atucd
i HMutrient cpcling.

Tounderstand the ethos of an aguiatic ecospstemlet s take a small
potcl 2z an ezarnple. This iz fairly a self-sustainable unit and rather sitople
eaatrple that explait even the cormnplex interaction s that ezt in an agquatic
goosystern A pond is a shallow water body in which all the abowe
rmentiotied foir basic compotient s of an ecosystem am well exhibited.
The abiotic component is the water with all the dissalved inorganic and
organic substances and the rich sod deposit at the bottomoof the pond.
The solar inpuat, the cycle of termperature, day-length and other climatic
coruchition s regulate the rate of function of the entire poncd. The aatobrophic
cormpotent 5 include the phitoplankton, some algae and the floating,
submerged and margdinal plants fand at the edges. The consuamers are
repre sshited by the zooplaniton, the free switnniin g atd botiorn dwellitng
formmns. The decomposers are the fungi, bacteria and flagellates espedally
abundanit it the bottormnof the potid This spstemperforms all the functionhs
of any erospstem and of the biosphere as a whole, ie., onwersion of
inorgatic itnto orgatic material with the help of the radiant energy of the
suty by the autotrophs, consamption of the autotrophs by heterctrophs;
decorrposition atd roiteralization of the dead matter torelease thembacle
for reuse by the autotrophs, these event are repeated owver and over agait.
There is unidirectional ooverrent of energy towarcs the higher trophic
level s and its dissipation and 1055 as heat to the enwvironment.

14,2, PRODUCTIVITY

& cotystant inpuat of solar enengy is the basic requirernent for any e cosystern
1o fut ctiot atd sustaitn, Pdmary productlon iz defined as the aroount of
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biomass of onganic matter produced per unit area over a time period by
plants during photosynthesis. It is expressed in termes of weight (g or
energy oal nr?). The rate of biormess prochichionis called productivity.
It iz expressed in terms of §—2 30! or (keal ¥ vt to compare the
procdluctivity of different ewosystems. It can be divided into gross primary
prociu ctisity [(FF and net primary proda ctivity [MTFR . Gross primary
productivty of an ecosystemis the rate of procuction of organic matter
curing photosptithesiz. A considerable amount of GFFis utilized by plants
i respiration. Gross primary proch ctivity minus mspitation losses (R,
iz the net primary productiviiy [HEF.
SFF -F = NFF

Met primary prochuctivity is the asailable biommass for the cotsurnpticd
to hetemtroph s herbiviom s and decomposers). Secondary produc sty
is defined as the rate of formwation of new organic mmatter by
CONE AT 5.

Frimary pmoductivity depends on the plant species inhabititg a
particular area. It also depends on a vanety of environmrental factors,
availability of nuatrients and photostnthetic capacityof plants. Therefore,
it waries in different types of ecosystems. The annual net primary
procductivity of the whole biosphere iz approsimately 170 billion tons
[y weight] of organic matter. Of this, despite occupying about 7o per
cent of the surface, the prodh ctivity of the oceans are anly 55 billion tons.
Fest of course, is on land. Discuss the man reason for the Low
productioiy of ecedn wbh gour teacher

14,5 DECORMPOSEVION

Tt may have heard of the eatthworm being refermed to a5 the farmer's
Triend’. Thizis sobecanse they help in the brealedown of coniples orgatic
rmatter az well 4z in loosening of the soil. Sindlarly, decomposers brealc
down complex onfanic matter into inorganic substances like carbon
cioeicle, water and nutrient z and the process is called decomposition.
Deadd plant refnains sach as leaves, bark, flowers and dead remains of
animals, including fecal matter, constitute detritus, which is the famw
material for decorposition. The important steps in the process of
Cecommpositich A fragmentation, leaching, catabolism, bunsfication aticd
rritneralisatiot.

Detrittvores [z 4. earthworm) break down detritis into smoalierparticles.
Thiz process iz called fragmentation. B the proeess of leaching, water-
soluble torgatiic tiatrietts godow intothe sod horison atd get precpitatec
as unavailable salts. Bacterial and fungal ensymes degdrace cetritus into
sirrpler inorganic substances. This proce 55 is called ascatabolism.

It iz important tonote that all the abose steps it decomposition operate
sitnultanecusly on the detritus [Figure 14 1) Humification and
rritieralization ocoi L charitd decornpostiod it the w0, Bumification leacs

-
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A tree grows in the soil

Some are eaten
by insects and other
animals. Nutrients and
energy enter food web.

Leaves partially consurned
by decomposers such as fungi
and bacteria. They begin to
lose form and become litter.

Some nuirients leach
inte soil by
chemical action

Further
decomposition by
earthworms, bacteria,
soil, mites,fungi,etc.

==

Figure 14.1 Diagrammatic representation of decomposition cycle in a terrestrial ecosystem

to accumulation of a dark coloured amorphous substance called humus
that is highly resistant to microbial action and undergoes decomposition
at an extremely slow rate. Being colloidal in nature it serves as a reservoir
of nutrients. The humus is funrther degraded by some microbes and release
of inorganic nutrients occur by the process known as mineralisation.
Decomposition is largely an oxygen-requiring process. The rate of
decomposition is controlled by chemical composition of detritus and
climatic factors. In a particular climatic condition, decomposition rate

is slower if detritus isrich in lignin and chitin, and quicker, if detritus is
rich in nitrogen and water -soluble substances like sugars. Temperature
and soil moisture are the most important climatic factors that regulate

decomposition through their effects on the activities of soil microbes.
Warm and moist environment favour decomposition whereas low
temperature and anaerobiosis inhibit decomposition resulting in build

up of organic materials.
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R A Bnerey FLow

Earrept for the deep s2a hjcho-thermal emsystern, sun is the only soure
of energy for all ecosystems on Earth. Of the incdcent solar raciation 1ess
than &0 per cent of it is photosynthetiically acilve radiatlon [FAE). W
know that plants and photospnthetic and chemosinthetic bacteria
[autctrophs), fix suns radiant energy tomalce foocd fom sitnple inordanic
mmaterials. Flants capture only 2-10 per cent of the PAR and this smell
arnont of energy sustain s the entime living world S0, it is wery important
to ketuoow hionw thie solar enengy captured by plants fows thooagh different
organisms of an ecspstern Al organi sms are dependent for their food
oty procid cers, either directly or itdirectly. So ol Snd unidire cticdal o
of energy from the sun to producers and then to consumers. s fhis in
Feeping toih the first low qf ther moedynamicss

Further, ecosystems are not exermnpt from the Second Law of
thermodynancs. They need a constant supply of energy to spnthesize
the rmolecules they requine, to counteract the universal tetcency towarnd
increasing disomlerline ss.

The green plant in the ecosystem-Aermnologfy are called producers.
Inn a terrestrial ecospsten, major prochicers are herbacemas and woocy
plants. Likewize, prifnaly procilcers it an aquatic e mosyat e are Variols
spedes like phytoplanition, algae and higher plants.

T have read about the food chains and webs that exit in nature.
Starting from the plants (or prochicers] food chains or rather webs are
formmed sich that at animel feeds ot a plant or oh another animael andin
turn is food for ancother The chain or web is formed because of this
interdependency. Hoenergy that is trapped itito an orfanisin refnains in
it for ever. The energy trapped by the prochucer, hencs, is either passed on
to a oot sumer of the offanizmdies. Death of organizmis the begithing
of the detritis food chaity fweb.

A anirtrnals depend ot platts [dire ofly of inditectly) for their ood needs.
They are henice called consumers atd alzo heterotrophs. If they feed on
the prociicers, the plants, they are called prifmary consUrners, and if the
anitnals eat other atitnals which in turn eat the plants [or their prodace)
they are called secondary consuers. Likewize, oo could have tertiary
Cotl HUMET S 10D, Ohwoisly the primary consrers will be herblvores.
Sore cofnion herbivore s are insscts, birds and manmmals in terrestrial
ecosystem and mollyscs in aquatic ecosystern

The consurmers that feed on the se herbivores are cartivore s, of more
correctly primary carmivores [though seconcdary cotsuners]. Those
animals that depend on the primary carnivores for food are labelled
secondary carnlvores. A sitple grazing food chain (GFC) is depicted

below:
G55 m mm e e 00 - Iat) = o
[Frochicer] [Frifary Cotizimes]  [Secotclary cofsimer)

-
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The detrlius food chain [DFC) begits with dead organic matter. tis
made wup of decomposers which are heterctrophic organisms, mainly
fuhgi ahd bacteria. They meet their etergy and nuthent requirernetts by
degrading dead organic matter or detritus. These are also known as
saprotrophs [sdpro; to decomposs]. Decoinposers secrete digestive
enryes that brealodown dead ancd waste materials into simnple, inorganic
rmaterials, which are subsequently absorbed by them

In an aquatic ecosystenn, GFCis the major conchuit for energdy flow.
Az against this, it a terrestrial ecosystem, a nuuch larger fraction of enerdy
flows thooagh the detritus food chain than throagh the GREC. Detritus
food chaih may be cotmected with the grazing food chain at some lewsls:
sore of the ondanisins of DFC are prey tothe GEC animals, anclin a natural
grospsten, some animals like cockroaches, crows, ete., are onmiweEs.
The se natural interconnection of food chaing make it 2 food web. How
Loondld Yo dassi lsnan being s

Organisms occupy a place in the natural sumoundings or in a
conrinity aceorcing to their feeding rel atichiship with other organisms.
Baszed on the source of their ratrition or $000, organisms oo cupy & spe cfic
place it the food chain that is knowh as their trophic lewel. Froduoers
belotg to the first tophic lewel, herbivomes [primary oonsumer to the
se ool ancl cartivore s (32 ooncdary cofisumer)] o the thind (Figare 144,

Exxraplen

Tertiary Fourth Trophic Ll M,
Consmmmer (Top Carrdwore]
Sexemlary T toahte Birds, Sahea
Consamer 1mml wolt

l
Primary Berond trophde Zooplvnkion, grasshopper
Carmmner Towrnl aaia] o

1
Pricmry Fhrwl Trophic Jovel Phioplnkicn, grasa, trooa
Prodncer Py

Figure 14.2 Diagrammatic repressntation of trophic lewels in an ecospstem
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The important point to note is that the arnount of enendy decreases at
suiccessve trophic levels. When any organism dies it is cotiverted o
cetriti s or dead binrmes s that seres a6 an energy oo for decorposer s,
Crganizms at each trophic level depend o those at the lower trophic lesel
for their energy dernarncls.

Each trophic levelha s a certain mmass of living material at a pacti cular
tirre called as the standing crop. The stancing crop is mea sured as the
mmass of iving orfanisms [(Momass) or the fnumber it a unit area. The
biomass of a species is expressd in terms of fresh or dry weight
Mlea surement of biomass in terms of dry weight is more accurate. Whyty

The number of trophic lewels in the grazing food chain is restricted as
the transfer of energy follows 10 per cent law —ondy 10 per cett of the
enerdy is tran sferred toeach trophic level from the lower trophic lesvel. In
trature, it is possible tohave s0 mady levels — producer, herbivors, pritary
carnivore, seconcdary carnivore in the grazing food chain (Figare 14.3) .
Do gou, think fhere s ang such, diation o detnilus food, dhuain

lovel prochaoery  Poimery comsumers, el ancoodazy el tartlary
fpinmbe) e,

Figure 14.3 Energy flowe through different frophic levels

145 Booaonsic sl Fraaams

Fiona o st be farmiliar with the shape of a prramid. The base of 2 piTanmd
is broad and it namows down at the apex. One gets a similar shape,
whether o express the food or enendy rel ation ship between offatisins

1
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at different trophic lesel. Thus, relationship is expressed in terms of
tiimber, biomass of energy. The base of each pyramd represeits the
proclucers or the first trophic lewel while the apes represents tertiany or
top level consumer. The thres ecological piramocs that am usually stuclied
am [a) pyramdd of nnber; [B) pyrannd of biomnass atd [ pracid of
energdy. bor detail (see Figare 144 a4, b, ¢ and d).

‘Tewphis lersl Number of individnals
T [Tex ity txuovoneser] a

B¢ Aecondery compunm) 3,564,000

FC (Primary conmamesr T08, D00

PP (Primary prochacer) B.5432,000

Figure 14.4 {a) Fyramid of numbers in a grasslamd ecosystem. Only three top-camivwres are
supported in an ecospstemn besed on production of nearly 6 milliors plant=

Trephls level Dry waight (kg m™)
L 1.4
- 11
PC ar
PP BOG

Figure 14.4 (b} Fyramid of biomass shows a sherp decrease in biomass at higher trophic levels

N

Figure 14.4 ic) Inverted pyramid of biomass-smnall standing crop of phytoplaniton supports largs
starding crop of sooplanithon
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FLH 10J

ac 10GJ

PC 1003 oJ

PP L6000 J
1,000,000 J +f Boulight

Figure 14.4 {d) fn idesl prramid of energy. Observe that primary producers convert ordy 19 of

the energy in the sumlight avadable to thern into MFF

any caloulatiotiz: of ehergy cotitent, biofmass of fumbers has to
inchuce all organisms at that trophic level. Mo generalisations we malee
will be trie if we take only a few individials at any trophic level into
account. Al s0 a given orgatd st ey occupy more than one trophic lesel
sinrltanecsly Chne st remmernber that the trophic 1evel epresents a
funectional level, not a species as such. A given species may oo U py more
than otwe trophic lewvel it the same ecosystern at the sarne tine, for exarmple,
2 Fparmow iz 3 prirmary consumer when it eats seedls, fouits, peas, anda
secotclary oot sAmer When it eats insects and wormms. Can Qo Loerk o
Moo fany Fophic lecels hoomsan beings Junciion af oo feod ghoun?

In most ecosystermns, all the pyranuds, of tmber, of energdy atcd
biomass are upright, ie., prochicers are more in maumber and biomass
than the herbivomes, and herbivome s are more in number and bomass
than the carnivomes. Also energy at a lower trophic leel is always nore
than at a higher lewel.

There are exceptions o this generalisation: If o were to count the
tmber of inscts feeding on a big tree what kind of pjranmid worald jaon
gEt? Mow add an estitmate of the number of sroall bird s depencing on the
insects, as also the number of larnder birds eating the sowller. Draw the
shape pou would get.

The pyramund of biomass in sea is also generally inverted becau s the
biorrass of fishes far excesds that of phytoplanddor. fsn't fhoat a porados?
Hour wootid, gou, explan this?

Pyramicd of energyis always upright, can never be inverted, becaltse
when energdy flows froma particular trophic 1evel tothe neat trophic lewel,
soMne enerdy iz always lost as heat at each #ep. Each bar it the energy
pyramic indicates the amount of energy pressnt at each trophic lewel ina
givet time or attially per whit area.

1
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Howeewer, there are certain limitations of ecological pyramids such as
it coes ot take into acooint the samre species belotygng 1o two of more
trophic lewvels. It assumes a sinple food chain, something that aloost
newver exists in naturne; it does not. accommodate a food web, Moreowver,
saprophytes are ot givety any place it ecological pyranmds even though
they play a wital role it the ecosystem

14,8 Booncastoal. BicoessioN

Tou hawe learnt in Chapter 13, the characteristics of population and
commnmanity and also their response o environment and how such
resporse s vary fmorman indivichial mapohise. Let wsexanine anotheraspect
of corrmitit f respotise 1o envinon et over time.

An important characteristic of all commrinities is that ompostion
and structure constantly change in response to the changing
ervimernental cotnditicns. This change is omleny and sequential, parallel
with the changes in the physicalenvimonment. These changes lead finally
to a comonity that iz in near equilibriam with the enwmonment and
thatis called a cimax community. The graciial and fairly preclictable
chatge it the spedes composition of a given area iz called ecologleal
suceession. During sucoesson s0me species mlonize an area and their
popllaticdis beoomre moE numeroils, whereas popialations of other species
declitie and even disappear,

The entire sequetice of cofrmmithities that successzively change in a
giver area are called sere(s]. The inciwdual tran stional commmunitie s are
termmed seral stages of seral comiminities. Ih the successive sral stages
thereis a change in the diversity of spedes of organisms, icease it the
turnber of species andorganizms aswell az an increasein the total biomass.

The present day commmnities in the warld have comes 1o be because
of stceession that ha s occurred over mllions of pears st e life startecl on
garth. Actually succession and evolution would have been parallel
processs at that timre.

Siiceession is hence a process that starts where no living orgatd sins
am thers — these could be area s where 1o Ivng organisms ever existed,
say bare rock; orin areas that somehow, 1ost 21l the Livin g ordanismes that
gaizted there. The fommner is called primary suceesson, whils the latteris
termed seooticlary sucoes sEot.

Ezxammple s of areas whets Drifnaly SUCCes 00 0CCUTE A ewly coolec
lawa, bare mock, newly created pond of e servoir. The establishmentof a
new bictic cofmmranity is generally slow. Before a biotic community of
cliverss orgatisns cat beoome establishecd, there mist be soil. Depencling
rrostly on the clitnate, it take s natural proces &5 several hunced to ssveral
thoasand jears to produce fertile s0il on bare rocl
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Secondary succession begdins in areas where natural biotic
cornrratitie s hae beet destroped such as in abancdoned farm lands,
burned of cut forests, lands that have been flooced. Since some soi or
seclitrent is present, succession is faster than prifmery suc e s sion.

Descriptiot of ecological siccessHo usnally focuses o chatges in
wegetatict. Howeter, these wegetatiotal changesin turn affect food and
shielter for variou s tipes of animals. Thus, as succession proceecds, the
tmbers and types of animals and decorposers also chatge.

At any time during primary of sEcohcdaly suceession, natural or
human incdueced disturbances [fire, deforestation, ete], can comvert a
particilar seral stage of succession to an earlier stage. Also such
disturbances create new conditioniz that ehoourage some spedies and
chi seourage or elininate other spedes.

14.6.1 Succession of Plants

Based on the nature of the habitat — whether it is water [or wery wet areas)
oritis oty very diy areas— silccession of plants is called hidrach or Rerarch,
mespectively. Hydrarch successlon takes place in wetter areas ancdthe
sUC oes sintal serie s proge ss fiom hydne tothe mesic conditions. As against
thiz, xerarch succession talies place it cry areas and the sefies progress
from zeric to mesic conditions. Hence, both hydrarch anc aerach
successons lead 1o medium water condition s [fesic] — neither too dry
[EEric] o too wet [hicdnic).

The species that invace a bame area are called ploneer species. In
Frifnary successiot of rocks thess are waially lichens which are able to
secrete acids todissolve rock, helping it weathering ad s0i formatice.
These later pase way to some very small plants like brpophytes, which
are able to talke hold in the small anonant of s0id. They are, with time,
suceceeckd by bigger plants, and after several more stages, wltimately a
stable clitnas forest comrmmanity is formmec The clitnes cotmrunity refnein s
stable as long as the environment wrains anchanged With time the
eropluytic habitat gets conertedintos mesophytic ote.

In primary succession in water, the pioneers are the small
phytoplantdons, they am replaced with tirre by free-floatitng angdios permns,
then by rooted hjdrophytes, seddes, grasses and finally the trees. The
clirmaz agaity wolld be a forest. With time the water body is comerted
it Land (Figure 14.5].

In secondary succession the species that inwvade depenc on the
cotichition of the soil, availability of water, the enwvironment as also the
geedls or other propagutles present. Since s0d iz already there, the rate of
sucession iz mach faster and hence, cirmes is also eached more quickly.

What iz important to understand iz that suceesson, particulady
Prifnaly sUcoessioh, is a very slow process, taliing maybe thousands of

251
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Submerged free floating
plant stage

Forest

Figure 14.5 Diagramatic representation of primary succession

years for the climax to be reached. Another important fact is to understand
that all succession whether taking place in water or on land, proceeds to
a similar climax community — the mesic.
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1477 Mummnr Cyoimo

You have studied in Class XI that organisms need a constant supply of
nutrients to grow, reproduce and regulate various body functions. The
amount of nutrients, such as carbon, nitrogen, phosphorus, calcium, etc.,
present in the soil at any given time, is referred to as the standing state. It
varies in different kinds of ecosystems and also on a seasonal basis.
What is important is to appreciate that nutrients which are never lost
from the ecosystems, they are recycled time and again indefinitely. The
movement of nutrient elements through the various components of an
ecosystem is called nutrient cycling. Another name of nutrient cycling
is biogeochemical cycles (bio: living organism, geo: rocks, air, water).
Nutrient cycles are of two types: (a) gaseous and (b) sedimentary. The

CO, in atmosphere

N\

gl

Photosynthesis
(terrestrial food chains) Burniiag of oreats
organic debris

Respiration and
decompositon

Photosynthesis -
(aquatic food n

Combustion of fossil
fuels for vehicels,
electricity and heat

Figure 14.6 Simplified model of carbon cycle in the biosphere

reservoir for gaseous type of nutrient cycle (e.g.. nitrogen, carbon cycle)
exists in the atmosphere and for the sedimentary cycle (e.g., sulphur and
phosphorus cycle), thereservair islocated in Earth’s crust. Environmental
factors, e.g., soil, moisture, pH. temperaturer etc., regulate the rate of
release of nutrients into the atmosphere. The function of the reservoir is
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to mreet with the deficit which ocours cue toirnbalance in the rate of influs
andeffluz.

Tiona have made a detailed study of nitrogen cicle it class 30, Here we
disciss carbon and phosphorus cycles.

14.7.1 Ecosystern — Canbon Cycle

Whet ot stady the compostion of iving offanisins, carbon oofstitutes
45 per cent of dry weight of organismes and is neat only to water, If we
ook at the total quantity of global carbod, we find that 71 per cent carbon
im fiound dis solved in oceans. This ooeatic fe ssrvoil refilates the amoint
of carbon dinaide in the atrmosphere [Figume 146). Do gou ke thoat e
attresphers only conbans about Iper cent of total global corbon?

Fossil filel alsorepresent a reservoir of carbof. Carbot cfclityd ocoirs
thmugh atmmosphere, ocean and through living and cdeac organisms.
According to one estitnate 4 102 kgof carbonis fizedin the biosphers
thmugh photospnthesis annually,. A ootsderable amount of carbon
returns to the atroosphere as GO through respiratory actisities of the
prociucers and consumers. Deoomposers als0 contribute substantially
to GO, ponl by their proce ssitg of waste materials and dead organic matter
of landor oceans. Some amnoant of the fized carbon is 1ost to sediments
atd rerroved fromm circulation. Buming of wood, forest fire and cormbiastion
of organic matter, fossil fiel, woloanic activity are additional sources for
releasing GO, inthe atrmosphere.

Hurman activities hate significantly influsnced the carbon opcle. Rapic
defore station and masswe buming of fos &l fugl for energy and transport
hawe &5 gnifi cantly increa sed the rate of release of carbon diceide intothe
atmosphere [zee geenhoi s effect in Chapter 16).

14.7.2 Ecosystem —Phosphorus Cycle

Fhosphioraz is a major constituent of biological membranes, nacleic acicds
and elldar ehergy transfer systems Many animwels also need large
gquantities of thiz elerrent to make shells, bones and teeth. The natural
resrvoir Oof phosphora s is nocle, which cotitaitis phosphor s it the form
of phosphates. When mois are weathemed, minuate amounts of thess
phosphates dissolve it s0il solution and ame absorbed by the roots of the
plants Figure 14 7). Herbitomes and other animal s obtain this elenent
fromn plants. The waste procdiicts and the deacd ofganisms ae deconiposed
by phosphate-solubili sing bacteria releazing phosphorus. Tnlike carbon
cyole. them is hortespiratory release of phosphond s into attmosphers. Can
you differentiote Petioeen the carbon and the phosphories oy ode?

The other two major and itnportant diffeence s between carbon atcd
phosphony s cycle are irstly, atmmospheric inputs of phosphor s through
rainfall are ooach smaller than carbon inputs, and, secondly, gasouis
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Figure 14.7 A simplified model of phosplonas opcling in a terrestrial
ecospstern

exchanges of phosphoris between organism and environment are

neglighle.
14 8 PoosysTay BnrRuces

Healthy ecosystems are the base for a wide range of economic,
enwvironmental and aesthetic goods and services. The products of
emdsystemn proces s e naned 45 ecosystem services, for exanple,
healthy forest ecosystems purify air and water, mitigate drought z and
floods, cycle nutrients, generate fertile soils, provide wildlife habitat,
rmaintain biodiversity, pollinate crops, prowice storage site fof carbon
and also provide assthetic, cultural and spiritnal values. Though value
of suich serwices of biodiversity is difficult to determine, it seems
reasoniable to think that biodiver sity showld carry a hefty price tag

Fobert Constanza and his colleaguues have very recently tried to
put price tags on nature’s life-support services. Ressarchers have put
at average price tagof US $ 33 trillich & year oh these fundamental
gcosystems services, which are largely taken for granted because they
are free. This iz nearly twice the walue of the global gross national
product GNP whichis (U3 3 18 trillica).

Cut of the total cost of wariows ecosystem services, the soil
formation accouants for about 50 per ent, and contributions of other
serwices lie recreaticn and nuatrient cicling, are less than 10 per
cent each. The cost of clitnate regulation and habitat for wildlife are
abouit & per cent each.

-
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SUMMARY

: An ecospstern is o farctional wret of nature ard comprises shiotic ad
! biotic components. Abiotic components are inorgenic materials- air
I weater ard sod whersss biotic components are producers, consummers
! and decomposers. Each ecospstem hes cheracteristic physicel stractuare
I resulting from interaction amongst abiotic and bictic comporents.
! Epecies composition and stratification are the two main stnactural
teatares of a1 ecospstemn . Based on source of roatrition every orgstism
: ocoupies & place in an ecosystern.

: Froductivity, decomposition, energy flow and matnent opcling ars
¢ the four impertardt comporents of an ecosystemn. Primary productivity
¢ is the rate of cepture of solar energy or biomass production of the
¢ producers. It is divided into two tppes: gross primary productivity [(GFF)
: and net grimar_r,' ligmduc’r_wit}' [MFF|. Fate of caphure of solar energy or
¢ total production of organic matter i= called 2= GFF. NFF is the remaing
! biomass or the energy left after whilisation of producers. Secondary
i productivity is the rate of assimilation of food ensrgy by the consumers.
! In decomposition, commple: orgamis compounds of detritus are converted
! o corbon dimride, weter ard inorganic roatrents by the decompoesrs.
! Decomposition inwolves three processes, namely fragmentation of
! detrtus, lesching and catabolismo.

! Erergy flow is unidirectional. First, plamts capture solar energy
: and then food is transferred from the producers to decomposers.
I orgerisms of different trophic levels in natuare are conrected o sach
¢ other for food or erergy relationship forming 2 food chain The storage
! and movemernt of matrient elements through the various components
! of the ecosystem is called nutrient cpcling: nuttients are repestedly
i used through this process. Hutrient cwling is of o types. gaseous
: and sedimentary. Atmosphere or hpdrosphere is the reservoir for the
! gaseos tppe of cpcle [carbon), whereas Eartlis crust is the reserwoir
! for sedimentary type (phosphorus). Products of ecospsten processes
I are nemed as ecospsten services, e g, purification of adir weater by
I forests

I The bictic comrmanity is dynemic 2od undergoss changes with the
1 passage of time. These changes are sequentially ordered and constitute
I ecologice]l supcession. Succession begins with inmesion of 2 bare lifeless
I area by pioreers which lster pate wayp for successors and ultimately a
I stable climax comrunity is formed. The climax community remains
I stable as long a= the envirormaent rermains unchangsd.

....................................................................................................................................................................................

EXERCIBES

1. Fill in the blandes.

(2] Flants zre called as because they fir carbon dioxide.
bl In an ecospstern domineted by trees, the ppramid (of numbers)
= _itvpe.

(el In aquatic ecosystems, the limiting factor for the produactivity
is
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[d] Common detritivores in our ecospstem are .

2] The major reservoir of carbon on earth is .

tWhich one of the following has the largest population in a food chain®?
2] FProducers

(bl Primnary consurmers

¢ Zecordary corsumers

[d] Decomposers

The second frophic level in 2 lake is-

3 Fhytoplanicton

(bl Zooplankton

=] Benthos

[dl Fishes

fecordary producers are

(2] Herbivores

(bl Producers

=] Carnivores

[d] Mone of the abowe

What is the percentage of photosprthetically active radiztion [PAR], in
the incident solar radiztion.

(2l 1009%

bl 50 %

=) 1-5%

[l 2-100%%

Distinguish betvsesn

[2) Grazing food chain and detritus food chain

(b Production and decomposition

= Upright and irwerted pprarmid

[d] Food chain axd Food web

] Litter and detritus

] Prmary st secordary productizity

Describe the components of an ecospstermn.

Define ecological pyramids and describe with examples, pyramids of
tuarnber ard biomnass.

tthat i= primary productivity? Give brief description of factors that affect
prirnary prodiuctivity.

Define decomposition and describe the processes and products of
decom position.

Crive ah accouatt of exergy flow in an ecoepstern.
lite important features of 2 sedimentary cpcle in an ecosypstem.
Ctlivee saliert features of carbon cpcling in an ecospstem.

1



CHAPTER 15

BIODIVERSITY AND
CONSERVATION

151 Biadiversin

152 Biodiversity Cons erzation

If an alien fiomm a distant galazy weme Lo visit oar planet
Earth, the first thing that would amerze and baffle him
wolld most probably be the enoroou s diversity of life
that he wouldencounter. Exen for et s, the rich varniety
of livitif orgatisins with which they shame thiz planet never
ceases to astonish and fascinate ws. The oo man
wolld find it haml to believe that there are mome than
20,000 species of ants, 3,000,000 spedesof bestles, 28,000
speces of fishes and nearly 20,000 species of orchics.
Ecclogsts and ewolutionary biologists have been trying
tounderstand the sighificatice of such civersity by aslttg
important questicons— Why are there 50 many species?
Dridh srech, great digersity esst froughout eani)s histon®
Hoe did this dicersification comme about? oo and o
L3 this digersity onportant to the biosphere? Wold o
Junction any differently o the diver sty was much, lessy
Howy do hoohans bengfit frone the dicersity af et

1%, 1 BrooivmRsry

In our biosphere itmmense diversity (or heterogeneity]
exizts not only at the species lewel but at all lesels of
biological organisation ranging from e ooomole cules
withity cells 1o biorme s, Biodiversity is the term popularised
by the sociobiclogizt Edward Wilson to describe the
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cormnbined diver ity at all the lewels of biologi cal organisationm.
The nost irmportant of themare—

il Genetic diversity: & single species might show high diversity at
the getetic lewel over its distributional range. The getetic variation
shown by the medicinal plant Hauteolfio comiona growing in
different Himalayan ranges mght be in terms of the poten oy and
coficetitrationn of the active chemical [fessrpite] that the plant
procluce s India has more than 50,000 genetically different strains
of fice, anc 1,000 warietie s of mango.

[ii] Speciesdiversity: The diversityat the species level. For exarmgple,
the Western Ghats have a greater amnphibian species diversity than
the Easterty Ghats.

lii] Eecological disersitir: At the ecosystemn lesel, India, for instance,
with itz ceserts, rain forests, mangroves, coral reefs, wetlands,
estitaries, and alping meadows has a greater ecosystem diversity
than a Scanditnavian ooty lie Morway.

It has taken millions of years of esolution, to accunmdate this rich
civersity it tiature, but we ooild lose all that wealth it less than two
centuries if the presentrates of species loss s continue. Biociversity ancd
its conservation ame now wtal envimonioettal is e s of intematiofal concert
as mome and more pecple aroind the world begin to realise the critical
irnpartatice of biodiversity for our survival and well- being ot this planet.

15.1.1 How Many Species are there on Earth and How Many
in India?

Sitvee them are piblished reoords of all the species discovered and namned,
we ko how many species in all have been moorded so far, but it is not
ga sy to atswer the guestion of how many species there are on earth.
Accomling tothe ITTCH [2004], the total number of plant and anirnael species
cescribed sofar is alightly more than 1.5 mdllion, But we hawe no clear
icea of how fmahy species ae yet tobe disoonemed and des oribedl. Estimates
vary wicely and many of them are only eclucated fuesses. For many
taxotioiric groups, species inventories are more cofnplete in temmperats
than in tmopical countries. Considering that an overwhelmingly large
proporticn of the spedes waiting to be discovered are in the tropics,
biolog sts make a statistical comparnison of the teniperate-tropical spedes
richness of an exhau stively studied group of insects and estrapolate this
ratio to other grouips of ahimwels and plants to come up with a goss
estimate of the total fumber of species otnearth. Some extene estitna tes
range fmom 20 to 50 millicn, but a more conservative and scientifically
soland estifnate made by Robert Lay places the global species diversty
at about 7 romllicm.

259
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Let us lod at some interesting aspects about earth’s biocliver sity basedd
a1 the currently available species inventories. More than 70 per cent of
all the species recorced are aninel 5 while plants [inchacing algae, fungdi.
bryophytes, Snhosperins and ang@osperins] oomipi s nomore than 23
per cent of the total. Armong anirnals, insects are the most species-rich
taamnonnc group, making up more than 70 per cent of the total That
means, outof every 10 animals on this planet, 7 are inscts Again, how
co we explain this enormous diversification of insects? The number of
fungdi species it the world is more than the combined total of the spedes
of fishes, arnphibians, eptiles and manmals. In Figue 16,1, bodiversity
is depicted showitg species mamber of fagjor tasa.

/m m\

Figure 15.1 Representing global biodiversity: proportionate mamber of
species of major taxa of plants, invertebrates ard wertebrates

It shoild be noted that these estifnates do not Jive any figures for
prokaryotes. Biolodists am not sure aboat how many prokarpotic species
there might be. The pmoblemis that conven tional taxononic methods ars
tiat suitable for identifjing roicmobial species and many specie s are simply
fot culturable under laboratory conditicns. I we accept biochenmcal or
rmolectlar criteria for delineating spe des for this groap, then their civer sity
alote mright fua it to oalliot s,
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Althongh India has ondy 2.4 per ent ofthe worlc s land area, its share
of the fobal specie s diversity iz an inpresszwe 8 1 per cent. That is what
rmalkes our country one of the 12 mega diversity countries of the world.
Mearly 45,000 species of plants and twice as mang of animal s have been
mecorced from India, How ey living species are actually there waiting
to be cliscovered and named? I we accept May s global estimmate s, only
22 per cent of the total species have been recomled so far Applying this
proportion toIndia’s diversity fgures, we estimate that there are probably
mode thary 1, 00,000 plant spece s and oo than 5,00, 000 anifmal species
et 1o be dizcovered and described. Wioudd we ewer be able to complete
the itrvetitory of the biological wealth of cur eountcy? Cohsicer the imnfren s
trained manpower [taxonomists) and the time required to complete the
job. The situation appears more hopeles s when we realize that a large
fraction of these species faces the thmeat of be corming extinct even before
we dizcover themn  Mature's biological brary is burning evet before we
catalogied the titles of all the bodks stocked therre.

15.1.2 Patterns of Biodiversity

il Latitudinal gradients: The diverzity of plants and animals is
not uniformn throughout the world but shows a rather uneven
cdistribution. For many group of animals or plants, there are
interesting patterns in diversity, the most well- known being the
latitudinal gradient in diversity. In general, species diversity
decreases as we mowve away ffomn the equator towards the poles.
With wery few exceptions, tropics [latitucinal range of 23.5% I to
23.5% 8] harbour more species than termperate or polar areas.
Colorrbia located near the equator has nearly 1,400 species of birds
while Mew York at 41% M has 105 species and Greetland at 71° H
ol 56 species. India, with much of its land area in the tropical
latitudles, has more than 1,200 speodescf birds. A forest it a tropical
region like Equador has up to 10 tirne s as many species of vasolar
Platits as a fore st of egital area in a temperate region lilee the Midwest
of the 54 The largely tropical Amasonian rain forest in South
America has the greate st biodiversity on earth- it is hotre to mmore
than 40,000 species of plants, 3,000 0f fishes, 1,300 of birds, 427
of matimals, 427 of amphibians, 378 of meptiles and of more than
1,26, 000 invertebrates. Scentists estimate that in the se rain fore sts
there oight be at least two million insect species waiting to be
cliscoverec anc narnec
Wihat iz 50 specal abolt fropics that fagihd dccotnt far fhedr greaier
Blologioal dicersity? Ecologists and ewolutionary biologi sts have
Pproposec wariois hypothess s, sofre important ones are (2) Speciaticd
is generally a function of time, unlike temperate mhichs sibjected
tofrequent glaciatiofis in the past, tropicallatitude s hase eoainecd
relatively undisturbed for oudllions of pears and thus, had a long

-



Figure 15.2 Showing species area relationship.

Hote that on log scale the relationship
becomes lirear regarlless ofthe taaonormic grop or the
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evdutionary tirre for species diversification, [b) Tropical envimonmetits,
unlike temperate ohes, ame less sasonal, relatively more codst ant
and predictable. Such constant environments promote niche
spedalization ancdlead to a greater spedes diversity and (o] There
iz more solar energy atailable in the tmopics, which cortributes to
higher procuctivity; this in turn moght contribnite indirectli o greater
cliversity.

] Species-Area relationships During his picneering and exten sive
explorations it the wildernes s of South Arrerican jungles, the great
German naturalist and geographer Alezander won Humboldt

obsered that within a medion species

richness increased with increasing
explomd area, but otl ¥ up to a limit. In

fact, the relaticn betweety species richies s

and area for a wide wariety of tasa

[angdiosperm plants, binds, bats,

freshwater fishes]) turns out to be a

mEctangular hyperbola [Figure 15.2]. On

alogarithrri c seale, the mlationship is a

straight line described by the equation
logS= 1o +Zloga
where
8= Spedesrichtiess A= ATea

£ = slope of the line [regression
coefficient]
C=T4intercept
Ecologists have disconered that the
value of £ lies in the rangeof 0.1 1o 0.2,

mEgoh [Wwhether it is the plants in Britain,
bimlzin Californiaormoolluscs n Hew York state, the slopes of the megre ssion
line are amazingdly similar]. But, if pou analyse the species-area
relaticnships aron g very large areas like the entite continents, jou will
fitud that the slope of the line 1o be moach steeper (£ walues in the range
of 0.6 1o 1.3). For example, fof frugivorous (fruit-eating) birds and
rmafrmals in the tropical fore sts of different continents, the slope is found
o be 1.15. Wheat do steeper slopes fean 0 his conbext?

15.1.3 The importance of Species Divasity to the Ecosysten

Dioes themamber of speciesin a conmrmanity really matterto the fanctiorng
of the ecosystemTThis is a question for which ecolog #ts have not been
able to give a definitive answer. For many decaces, ecologists belisved
that communities with oore species, generally, tend to be more stable
than those with less spedes. What exactly is stability for a biological
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cornrratity? A stable comomanity should not show too ooich vadation
ity productivity o pear topear; it st be either resistant of resilient to
occazEonal disturbanices [natural or men-mack], and it st also be
messtant toitvasiohs by alisn species. We dot't oo oo the s2 attribites
are linked to species richnes s in a community, but Dawd Timan's
long-tern emsystern experiments Wsitng ouwldoor plots provide sone
tentative answers. Tilman found that plots with oore species showed
less year-to-jear variation in total bicma ss. He also showed that in his
experirents, increa sed diversity contributec 1o higher prochuctivity,

Althoiagh, we may not understand completely how species richness
comitribates tothe well-being of anecosystern, we know enough torealize
that rich biodiversity is hot only essential for ecospstenn health but
irnperative for the very surdwal of the human race on this planet. At a
tirre wheh we are lositng species at an alamning pace, ohe mght ask—
Does it really matter tous if 2 few spede s beoomre eatinct? Wiould Western
Chats ecosystems be less functional if one of it 5 tree frog species is lost
forever? How is our quality of life affected if, zay, insteac of 20,000 we
have only 15,000 species of ants on earth?

There are hiodire ot atnewers 1o such ndive gue stiors bt we can develop
a proper perspective throwgh an analogy the ‘rivet popper hipothesiz)
tzerd by Stanford ecologizt Faul Ehrlich. In an airplane [ecosysten) all
parts are joined together using thousands of rivets [species). I every
passenger travelling in it starts poppitg a rivet 10 take home [causinga
specie & tobemome extinct], it maj not affe ot flight safety [proper functioning
of the e cospatem] initially, butas more and more rivets are remoed, the
plate becomre s dangerodl sl wealk over a period of time.  Furthemnore,
which rivet is refnoved may also be critical. Loss of rivets oh the wings
(e species that drive major ecosystem functions] iz obwously a more
serion s threat to flight safety than loss of a few rivets on the seats or
witickw s insice the plane.

15.1.4 Loss of Biodiversity

Withile it iz doubtfil if angy new species are being adced [umydh speciation)
itito the earth’s treasury of spedes, there is iodoubt about ther oontitiidng
losszs. The biclogical wealth of our planet has been declining rapicly
and the acousing fingder is clearly pointing to human activities. The
colotisation of tropical Pacific Islands by humans is &aid 1o have led o
the eatinction of more than 2,000 specess of native birds. The ITCH Red
Lizt [2004] documents the extinction of T84 species [inclucing 538
wertebrates, 555 invertebrate s and 87 plant 5] inthe last o0 jears. Some
exarnples of recent extinction s include the dodo (Mauritius), quagd
[Africa), thylacine [Australial, Stellers Sea Cow [Fussia) and three
subspecies [Bali, Jawvan, Caspian] of tiger, The last twenty pears alone
hase witties secd the dizappearatice of 27 species. Camefid analysisof e oords

1
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shows that estinctions acoss taxa are not random; some groups like
amrphibiats appear to be more Wilnerable o extinction.  Adding to the
grim scenario of eatinctions is the fact that more than 15,500 species
world-wicle are facing the threat of extin ctioty. Fresently, 12 per cent of
all biml species, 25 per cent of all manmmal species, 32 per cent of all
ammphibiat spedes and 3 1per cent of all gSirrhospermn species i the world
face the threat of extinction.

bFrom a studyof the history of life on earth thoogh fossl records, we
learn that large-scale loss of species like the one we are cumently
witties s g have alzo happened earlier, even before hurnans appeared on
the scene. During the long period (= 5 billion jears] since the ongn ancd
cliversification of life of earth them wem five episofe s of e 55 extin oo
of species. How is the Siath Eaxtinction” presently in progress different
from the previous episodes? The difference is i the rates, the current
species extinction rates are estimmated to be 100 to 1,000 tinnes faster
than ity the pre-human times and our activitie s are responsible for the
faster rates. Ecologists warn that if the presnt trends continoe,
nearly half of all the species oh earth rmight be wiped out within the neat
100 years.

In general, loss of biodiversity in a region may lead to (&) decline in
plant procuction, [b) lowered resistance toenvirotimental perturbations
such ascmiugght and (o] increased variability in certain ecosystem pmoe sses
sichas plant productivity, water use, and pest and disease opcles.
Causes of blodiversiiy losses: The accelerated rates of species
extincticn s that the world is facing nhow are lagiely due to human
activities. There are foar major causes [ The Bl Quartet” is the scbriquet
izediodescribe thern) .

il Habitat loss and fragmeniaiion: This is the most important
cauze driving animaels and plants toextinction. The most dramatic
examples of habitat loss comre fom tropical rain forests. Once
conering nore that 14 per cent of the earth®s land surface, these
rain forests now cover no more than & per ent. They are being
destroped fast. By the tirme o finish reading this chapter, 1000
more hectares of rain forest wolld have been lost. The Armason
rain forest [it is sohuge thatitis called the Tungs of the planet’)
harbouring probably millions of spedes is being cut ancd deamred
for cudtivating soya bednsof for cotrersiot to grasslancs for raising
beef cattle. Besides total loss, the degraclation of many habitats by
pollution al 50 threatens the sundval of meny species. When large
habitats ame broken up into small fra goents due to wanm s human
activitie s, marnrmals and birds equiringg large territories and certain
animals with migratory habits are bacly affected, leading to
populaticn declines.

[ii] Ower-exploitation Humans have always dependedon nature for
food and shelter, but when ‘need’ turns to “greed’, it leads to
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over -exploitation of natural rescurces. Many species extin ctions
it1 the last BO0 years [Steller s s2a oW, passstfer figeotl] were due
to overszploitation by humaens. Presently many marine fish
populatiohs aroind the world ae over harvested, endangering the
cottitmaedd exd stence of some comrer dally important species.

[iii] Alien spedcies indasions: When alien species are introducecd
unintentionalli or deliberately for whatever purposs, some of them
turn invasive, and cal s decline or extitictich of itdigenonis species.
The Mile perch introciced into Lale Wictoria in east Africa led
evetitially to the extincticn of an ecologdicall ¥ anique assefnblage of
more than 200 species of cichlid fish in the lake. Yo nmast be
faniliar with the emdrohmental damage cased and threat posec
1o our native species by inwvasive weed species like carrof grass
[F'artheniuy , Lantonda.atd water hijacnth (Eioduwmid). The recent
legal introcduction of the Affican catfish Clanas gariepinus for
aguacilture purpose s is posng a thieat to the indigenon s catfishes
it} CAT Tivers.

i Coextinetions When a species becones extinet, the plant and
anifnal species associatecd with it in an obligatory way also be come
extinnct. When a host fish species becomes eatinct, its unique
azzemblage of parastes alsomeets the sane fate. Another exarmnple
iz the case of a coevolved plant-pollinator mutualism where
eatinction of one invariably leads to the extinction of the other

15,8 BromveERsITY UONSERVATION

15.2.1 Why Should We Conserve Biodiversity?

There are man ¥ rea sofs, s0mne obwoll s and others not s0 obiiois, bt all
equally itnportant. They can be griouped into thee categdories: narnowly
utilitarian, broacly wtilitarian, and ethical.

The narrowly utiltarian arfamrents for conservin g biodiversity are
obwioa s humans derive countless cirect econonic benefits fiom nature-
food [cereals, pulses. fruits], firewood, fibe, constnaction material.
industrial prochacts (tannins, lnbricants, cdyes, resins, pedumes | ancl
products of medicinal importance. More than 26 per cent of the drags
currently sdd in the market worlcwice are derivec from plants and 26 000
species Of plants contribute to the tradition al medicines Weed by native
peoples arcand the world, Mobocdy knows hiow many more medi cinally
uzefidl plants there ame in tropical rain forests waiting to be explorec.
With increasing resources put intobioprospe cting [Exploring molecular,
Enetic and species-level diversity for procdicts of ecotuome importanoe],
tations endowesd with rich biodiversity can expect to reap enormois
betiefits.

The broadly wilHiarlan argument saps that biodisversity plays a
major mle i maty ecosysiem services that nature provices.  The fast-

-
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cdwindling Amazon forest is estimated to procduce, through
photospnthesis, 20 per cent of the total cefpgen in the earth’s atrosphere.
Can we pit an ecohofc walue on this service by nature? Tou can get
sorre idea by finding out how mach jour neighborhood hospital spends
oty A cylincer of carpdets. Pollination [without which platits cantot give
s fmits or seeds] is another servdce, ecosystems provicde through
pollinators layer — bees, bumblebees, bimds and bats, Wt wofl be the
cosls of aoccomplizhing pollination without help from natural
pollinatarsy Them are other intangible benefits — that we cerive fom
natue —the assthetic pleasures of walking througgh thicke woods, watchitg
spring flowers in full bloom or waking wup to a bulbul’s song in the
mnornitng. Caty we put a price tag on such things?

The ethical agfument for conserving biodiversity relates 1o what we
e to rillions of plant, animal and microbe specigs with whorm we share
thiz planet. Fhilosophically of spiritually, we need torealiss that esery
species has an intringic value, even if it may not be of curent or ang
ecofons walie o s We hawe a moral duty to care for their well -being
atd pass oo biological legacy in good omler to fiture fenerations.

15.2.2 How do we conserve Biodiversity ?

When we consere and protect the whole ecosystem, its hiodiversity at all
Ienels is protected - we save the entite forest to zavethe tiger. This appmoach
iz called (n sl [on site] cotiservatiotn. Howeser, when there are situaticns
where at anifnal or plantis endangered of threatened and neecs urgent
mreasures 1o save it fmmextitiction, e silu [off site) cotis2rwation is the
cesirable approach.

In situconservation—-Faced with the conflict betwesn developrrent ancl
oot rvation, ety hations find it unrealistic atc econond cally fok feasible
1o monssrve all their biclogical wealth. Invariably, the number of speces
waititg tobe sated from estinction far excesds the cotizervation maoures
available. O a global basi s, this problem has been acdres s2d by erminent
cotiservationists. They identified fof masimum protection cerfain
biodiversity hotspots” regions with wery high levels of spedes richness
and high degdree of endemism [that iz spedes confined to that regioh
and not found anywhere else]. Initially 25 bicciersity hot spots were
identified but subsequently fnine mom have been added 1o the list,
britigityg the total number of biodiversity hotspots it the world to 54
These hotspots are also mdion s of accelerated habitat loss, Three of
thess hotspots — Western Ghats and 2 Lanka, Indo-Burma and
Hirmalaya — cover our countrys exceptionally high biodiversity mgion .
Although all the bioditersity hotspots put together coter less than 2
percent of the earth’s land area, the number of spedes they collectively
harbour iz extenely high and strict pmotection of these hotspot s oonld
recluce the ongoing mass extinction s by aloost 30 per cent.
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In Incia, ecologically unig ue and biodiver sty-rich egdions are legally
protected as biosphere rezerves, natiohal parks and sanctianes. India
tiow has 14 biosphere reserves, 90 national parks and 443 wildlife
sanctuaries. Indiahas alsoa history of religicit s anc cualtural traclition s
that emnphasized protection of nature. In many cultures, tracts of fiorest
were =1 azce, and all the trees and wilclife within were venerated and
gven total protection. Such sacred groves ate founc in Bhasi and Jaintia
Hillz in Meghalaga, Aravalli Hills of Fajasthan, Western Ghat egion s of
Harnatala and Maharashtra and the Sarguja, Chanda and Ba star areas
of Madhta FPradesh. InMeghalapa, the saed groves are the last refiges
for a large number of rare and threatened plants.

Ex situ Conservation-In this approach, threatened animals ancd plants
are taken ot fiom ther natural habitat and placed in special stting
where they can be protected and given special came. Zoological parks,
botatical garden s and wilclife safari parks sene this purpose. There are
many animal s that have becomre extinct in the wild but continue to be
rmaintaited in oologdical parks. Inrecent Pears ex situ conservation has
actvanced bejond keeping threatened species in encloswes. HNow gametes
of threatened spedes can be preserved in wable and fertile corcitict for
lotg periods W sng cipopeservation techhiques, efds canbe fertilized in
vitro, atd plants can be propagated wsEng tissue dalture methods. Seeds
of different getietic strains of commrercially irmportant plant s can be kept
for o g periods in seed banlos.

Biodiversity khows o political boundaries and its conssrvation iz
therefome a cdlective responsibility of allnations. The historie Convention
on Biclogical Diversity [(The Earth Sunmit]) held in Rio cde Janeino in
1952, called wpon all nations to take appropriate measures for
cotiservation of biodiversity and sustainable wtili zation of its benefitz. In
afollow -uap, the Word Sunmit on Sustainable Deseloprent held in 2002
it Johattesbung, South Africa, 190 countrie s pledged their commitnet
to achiese by 201 0, a significant reduction in the curment rate of biodisersity
loss at global, regiohial andlocal 1ewels.

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;

fince life originsted on earth rearly 3.8 billion pears ago, thers had
been enormous diversificstion of life formns on earth. Biodiversity refers
to the sum total of diversity that exists at all lewels of biological
orgenisatiornn Of particulsr i portatncs is the diversity at genstic, species
ard ecospstemn levels ard corservation efforts are aimed at protecting
diversity at all these levels

More than 1.5 million species hawe besn recorded in the world, tuat
there might still be nearly 6 million species on earth waiting to be
dizscovered arnd named. Ofthe named species, » 70 per cant are animals,
of which 7O per cert are insscts. The group Pung hes more species

-
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then all the vertebrate species combined. India, with about 45000
species of plants ard twice as many species of animals, is one of the 12
mega diversity courdries of the world.

Species diversity on sarth is not uniformoly distritnrted tat shows
interesting patharns. It is gererally highest in \‘.{Jle tropics ard decresses
towards the poles. Important explanations for the species nchness of
tle tropics are: Tropics had more evwolutionsry time: thep provide a
relatively constant environment and, they recsive more solar energy
which contributes to greater productivity. Species nchness is also
furction of the area of aregon the species-srea relationship i= geverally
a rectangular hyperbolic function

It iz believed that commmunities with high diversity tend o be less
wariable, more productive and more resistant to biological invasions.
Earth's fossil history reveals incidence of mass extinctions in the past,
bt the present rates of sxtinction, largely attritnted to human activites,
are 100 to 1000 times higher Nearly 700 spacies have beoommne enrtinct
ity recent times and more than 15 500 species [of which » 650 2re from
India currently face the threat of extinction. The causes of high
extinction rates at present include habitat (particalarly forests] loss
and fragmentation, over-exploitation, biological invasions and
co-extinctions.

Earth's rich bindiﬁmit{&? wital for the werp surival of mandnd.
The ressons for corserving bindiversity are namowly utilitarizn, broadly
utilitarian and ethical. Besides the direct berefits (food, fibre, firevood,
pharmaceuticals, etz], there are many ndirect benefits we receive
through ecospstern sarvices such as pollination, pest condrol, climate
moderation and flood control. W also have a moral responsibdity to
tale good care of earth's hiodiversity and pass it onin good order o o
rext generation.

Biodiversity corservation map be in sty a2 well 22 ex st In mostu
conservation, the endangered species are protected in their natural
habitat so that the entire ecospstem iz protected. Recently, 24
‘hindiversity hotspots' in the world hase been proposed for irdensive
conservation efforts. Of these, three [Western Ghats-Sri Lanka,
Himalapa and Indo-Burma)] cover Indis's nch biodiversity regions.
coantry's st conservation efforts are reflected in its 14 biosphere
Teserves, 90 national parks, » 450 wildlife sstctneries and many sacred
groves. Ex sty conservation methods include protective madtenarce
aof threaterned species in mobgical perks ard botanical gardens, & oitm
fertilisation, tissue culture propagation and cryopreservation of

garetes

248 P
CACROISES

1. Name the threes important components of biodiversity.
2. How do ecologists estimate the total mumber of species presant in the
world?
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viiwe three hypotheses for explaining why tropics show greatest. levels
of spenies richness.

That is the significarce of the slope of regression in a species - area
relatiorship?

Tihat are the major ceaases of species losses in a geographical region?
How i= biodiversity important for ecospstern furctioning?

Tihat are sacred growes? What is theit rols in conssrvation?

Smnong the ecospstemn semices are control of floods and =0il erosion.
How is this achieved bty the biotic components of the ecospstem?

The species diversity of plants 22 per cent] is much less than thet of
animals (72 per cant]. What cowld be the explanations to how animals
achieved greater diversification?

Zar pou think of a situation where we delibsrately want to make a
spenies extitet?  How wowdd pon justifp ity

-
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Hurmen population size has grown enormo sl over the
last hundred years. This means inorease in demand for
food, water, home, electncty, roads, autonobiles and
nurrercois other conmnodities. The s demands are eaertingg
LEmenco & pressire ot ol hatural resources, anc ane
alzo cottritiating to pollutiot of air, water and soil. The
need of the hioiris to checlk the degradation and depleticn
of our preciois natural resouree s and pollution withont
halting the process of deteloprnent.

Pollutlon is any undesitable change in physical,
chermeal or biclogical characteristics of air, Land, water or
soil. Agents that bring about such an undesirable change
are called as pollwants. I order o contrd ervircaretital
pollution, the Government of India has passed the
Environment (Protection) Act, 1985 to protect
and itnprose the quality of our enwronment [(air, water
atcd zodl).

i3] AR POLIomon aND TS UonTRol.

We are dependent on air for our respiratory needs.  Sir
pollutants cauze injury to all living orgati srs. They
reduce growth and jield of crops and canse prefature
ceathof plants. fir pollitants also celeteriously affe ot the
respiratory system of human s and of anirmals. Harmful
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effects depend on the concentration of pollutants, duration of exposure
and the organism.

Smokestacks of thermal power plants, smelters and other industries
release particulate and gaseous air pollutants together with harmless
gases, such asnitrogen, oxygen, etc. These pollutants must be separated/
filtered out before releasing the harmless gases into the atmosphere.

Clean air

Discharge corena

Water line

/ Negatively charged wire

spray

T3 -

5 /
Dirtyajr—b. @/ 5 —*Cleanair
o 5

Dirty adr—p: ~
Dust
Particulate particles

matter Collection plate grounded

|Electrostatic precipitator|

Scrubber

Figure 16.1 Electrostatic precipitator

There are several ways of removing particulate matter; the most widely
used of which 1s the electrostatic precipitator (Figure 16.1), which can
remove over 99 per cent particulate matter present in the exhaust from a
thermal power plant. It has electrode wires that are maintained at several
thousand volts. which produce a corona that releases electrons. These
electrons attach to dust particles giving them a net negative charge. The
collecting plates are grounded and attract the charged dust particles.
The velocity of alr between the plates must be low enough to allow the
dust to fall. A scrubber (Figure 16.1) can remove gases like sulphur
dioxide. In a scrubber, the exhaust 1s passed through a spray of water or
lime. Recently we have realised the dangers of particulate matter that are
very very small and are not removed by these precipitators. According to
Central Pollution Control Board (CPCB), particulate size 2.5 micrometers
or less In dlameter (PM 2.5) are responsible for causing the greatest harm
to human health. These fine particulates can be inhaled deep Into the
lungs and can cause breathing and resplratory symptoms, {rritation,
Inflammations and damage to the lungs and premature deaths.
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Automobiles are a major cawse for atmmosphieric pollution atleast in
the metro cities. As the narmber of vehicles incmease oh the streets this
problem is now shifting to the other cities too, Proper maintenat oe of
autormobile s alothg with 15 of lead-free petrol of diesel can weduce the
pollutants they enit. Catalytic converters, having expensive metals namrely
platitumm-palladiim and rthodium as the catalysts, are fitted into
automobile s for rechicing enm ssion of poisonoas gases. As the eahanst
passes throigh the catalitic converter. unburnt hjdrocarbons are
cotrverted into carbon diceide and water, and carbon moohoaice and nithc
oerdle are changed to carboh ciceicke and nitrogen gas, respectively. Motor
wvehicle s equipped with catalytic converter showld wse unleadsd petrol
becatize lead in the petrol inactivate s the catalist.

15.1.1 Controlling Vehicular &ir Pollnton: A Case
Ytody of Delhi

With itz ey large popudation of wehicular traffic, Delhi leads the country
it its lewels of air-pollution — it has more cars than the states of Gujarat
and West Betigal put together, In the 1950z, Delhi ranked fourth
armong the 41 most polluted dties of the world fir pollution problerns
itn Delhi becamre &0 sefiodis that a public interest litigation [FIL] was
filed in the Supreme Court of India. After being rensured very strongly
by the Supreme Court, under its directives, the govemment was asled
to tale, within a specified titne period, appropriate measure s, inclucing
switching over the entire fleet of public transport, i.e., buses, from diesel
to com pressed natural gas [CHG). All the tuases of Delhd were coniertec]
to man o CNG by the end of 2002, Tou may ask the question as to why
CIHG is better than diesel The answeris that CHG bums most efficiently,
unlike petrol or cdiesel. in the autonobiles and wery Little of it is left
unburnt. Moreoser, CHG is cheaper than petrol or diesel, cannot be
siphoned off by thieves and acdulterated like petrol or diesel. The main
problemm with switching ower o CHG iz the difficudty of laying cdown
pipelines to deliver CHG through distribution points fpamps and
ensuring uhitnterrupted supply. Sitmaltaneoisly parallel steps talen
itn Delhi for reciicing vehicular pollution include phasing out of old
vehicles, uze of unleaded petrol, wse of low-sulphur petnol and diesel,
wse of catalytic converters in wehicles, application of stringent pollitio-
level nomms for whicles, ete

The Government of India thrmough a new auto fuel palicy has laid
it a rowdmap o cut down whicilar pollution in Indian cities. More
stringent norms for fuels means steadily reducing the sulphur and
aromnatics content in petrol and diese] fuel s, Euro I nocmns, for exaimple,
stipulates that sulphur be controlled at 350 parts-per -rillion [pprr) it
diesel atrdl 150 pprm it petml. Aromatic hychnocarbons are to be oohtaited
at 42 per cent of the concerned fuel The goal, accomling o the madomap,
is to recltce sulphur 1o 50 ppmn it petrol and diesel and bring cown the
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lewel to 35 per cent. Corresponding to the fusl, wehicle engines will also
tieed to be upgraded. The Bharat Stage I [equivalent to Eum-T nodms],
which iz currently in place in Delhi. Mumbai, Eollkata, Chentiai,
Bangalore, Hyderabad, shmedabad, Pute, Surat, Eanpur and Agra,
will be applicable to all automobiles thoowghout the country from April
1, 2006, All automobiles and fuel-petrol and diessl — were to hawe met
the Fum IOI emission specifications in these 11 cities fom April 1, 2005
atd hawve to meet the EurodV norms by april 1, 2010, The rest of the
coiattry will have Earo-IT e ssion norm complisant automobiles and
fuels by 2010,

Thanlks to the effort s made, the air Quality of Delhi has significantly
irmproved. Acoorditgd to an estitnate, a substantial fall in GO, and S0,
lenel ha s been found it Delhi between 1967 and 2006,

Inn India, the Adr (Preventilon and Control of Polluilon) Act camre
into foree in 1981, but was amended in 1987 o0 include noi s a5 an air
pollutant. Notse iz uhdesred high level of sound. "We have got used to
aszsociating lowd sounds with pleasure and entert ainrnent, not ealising
that fioize causes psychologfical and phsiologice]l disorcders it hurmans
The bigger the city, the bigger the function, the greater the noisett A
brief exposure to extemely high soand lesel, 160 dE or moe generated
by tale of of a jet plane or rocket, may damaegde ear drums thus
permanently impairing hearing abiity. Even chmonic exposume to a
mlatively lower hioise lewel of cities may permanently dame g hearing
abilities of humans. Moise also causes sleeplessness, increased heart
beatitigd, altered breathing pattern, this considerably stessing hurmans.

Cotsidering the many dangerous effect s of noise pollution can o
identify the uhnecessary soufces of noize pollution anoind jou which
catl be reduced immmediately without any finandal loss o anybody?
Feductich of fioise it olif incdustries can be affected by wse of sound-
absorbent materials or by omafiling noise. Stringent following of laws 1aicd
dow in relatiof to noize like delinmtatioh of horf-free #ohes anoiind
hospitals and schools, permissible sound-lesels of crackers and of
loudspeakers, timings after which loudspealiers cannol be played, ete.,
neecl to be enforced to protect oursel ve s from noise pollation.

18,2 Water Polymron ANDG (TS CONTROL

Human beitgs have beet abitsing the water -bockies anound the world by
uaing themfor disposal of all kinds of waste. We tend tobelieve that water
caf wash away everything not taloing cognizancs of the fact that the water
bodies are our lifeline as well as that of all other living organi sms. San
yots LLsE oot ol e fend, to by and Lodsh arooy throgh our Ficers and
drainseDue to such activities of hurman kind the ponds, lakes, streann,
rivers, estuaries and oceans are becorrtg polluted it several parts of the
warld Pealising theimmportance of maintaining the deanliness of the water

1
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bodies, the Gowernmentof India has passed the Water (Prevention and
Conirol of Pollution) Act, 1974 to safegfuarc our water fesouirces.

16.2.1 Domestic Sewage and Industrial Effluents

Az we worke with water in our homes in the cities and towns, we waszh

{ Emapatritiss O.1%

=i and clxy.

paper Bhrea.

1. Susperaded snlds, ey, mand,

3. Diombesd metertols, &g,
nuireats fodraee, aommonde,

\

3. Collokdal material, &.g., Fecal
matier, bacteds, doih md

HAO=HpHdEAZ0RA0 R

everything intodrains. Havwe you
ever wonckered where the s=wagde
that comes out our housss go?
What happens in Wllages?Is the
sewage treated before being
tran sported to the fiearest fiver
and mixed with it? A mere 0.1
per cent impurities male
domestic sewage unfit for hurman
uze [Figure 16, 2 Yo have read
about sewage treatments
plantzin Chapter 10, Solics are
relatively easy to remmonve, what
iz difficult to remowve are

Figure 16.3 Effect of sewage discharge on some important cheracteristics of a mvwer
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dizzolved =alts such as nitrates, phosphates, and other nutrients, and
toxic metal ions and organic compounds. Domestic sewage primarily
containg biodegradable organic matter, which readily decompozes -
thanks to bacteria and other micro-organisms, which can multiply uzing
theze organic substances as substrates and hence utilizse zome of the
components of zewage. [t iz pozsible to estimate the amount of organic
matter in sewade water by measuring Biochemical Oxygen Demand
(BODY). Conyou explain how? [n the chapter on micro-organisms you
have read about the relation between BOD, micro-organizms and the
amount of biodegradable matter,

Figure 15.3 shows some of the changes that one may notice following
dizcharge of zewagde into a river. Micro-ordanizms invelved in
biodegradation of organic matter in the receiving water body consume a
lot of oxygen, and as a result there is a sharp decline in dizsclved cxyden
downstream from the point of sewage discharde, Thiz causes mortality of
fish and other aquatic creatures,

Prezence of large amounts of nutrients in waters also causes excessive
growth of planktonie (free-floating] aldae, called an algal bloom
(Figure 18.4] which imparts a distinct colour to the water bodies. Algal
blooms causs deterioration of the water quality and fish mortality, Some
bloom-forming algae are extremely toxic to human beings and animals,

Tou may have seen the beantiful manve-colored flowers found on
very appealingly-shaped floating plants in water bodies. These plants
which were introduced into India for their lovely flowers have caused havoc
by their excessive growth by causing blocks in our waterways. They grow
fazter than our ability to remove them. These are plantz of water hyacinth
[Elchhornio crassipes), the world's most problematic aquatic weed, alzo

Figure 16.4 Pictorial view of an algal blaom
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called ‘Terror of Bengal'. They grow abundantly in
eutrophic water bodies, and lead to an imbalance in the
ecosystem dynamics of the water body.

Sewage from our homes as well from hospitals are
likely to contain many undesirable pathogenic micro-
organisms, and its disposal into a water without proper
treatment may cause outbreak of serious diseases, such
as, dysentery, typhoid, jaundice, cholera, etc.

Unlike domestic sewage, waste water from industries
like petroleum, paper manufacturing, metal extraction
and processing, chemical manufacturing, etc., often
contain toxic substances, notably. heavy metals (defined
as clements with density > 5 g/cm® such as mercury,
cadmium, copper, lead, etc.) and a variety of organic
compounds.

A few toxic substances, often present in industrial
waste waters, can undergo biological magnification
(Biomagnification) in the aquatic food chain.
Biomagnification refers to increase in concentration of
the toxicant at successive trophic levels. This happens
because a toxic substance accumulated by an organism
cannot be metaholised or excreted, and is thus passed
on to the next higher trophic level. This phenomenon is
well-known for mercury and DDT. Figure 16.5 shows
biomagnification of DDT in an aquatic food chain. In this
manner, the concentration of DDT is increased at

. successive trophic levels; say if it starts at 0.003 ppb

(ppb = parts per billion) in water, it can ultimately can

reach 25 ppm (ppm = parts per million) in fish-eating

birds, through biomagnification. High concentrations of
DDT disturb calciumn metabolisin in birds, which causes

Figure 16.5 Biomagnification of
DDT in an agquatic thinning of eggshell and their premature breaking,

food chain eventually causing decline in bird populations.

Eutrophication is the natural aging of a lake by
biclogical enrichment of its water. In a young lake the water is cold and
clear, supporting little life. With time, streams draining into the lake
introduce nutrients such as nitrogen and phosphorus, which encourage
the growth of aquatic organisms. As the lake’s fertility increases, plant
and animal life burgeons, and organic remains begin to be deposited on
the lake bottom. Over the centuries, as silt and organic debris pile up, the
lake grows shallower and warmer, with warm-water organisms
supplanting those that thrive in a cold environment. Marsh plants take
root in the shallows and begin to fill in the original lake basin. Eventually,
the lake gives way to lar ge masses of floating plants (bog), finally converting
into land. Depending on climate, size of the lake and other factors, the
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tatural aging of a lake may spat thou sands of years. However, pollutatt s
from mat’s activities like effluents from the industrie s and homes can
rach cally accelerate the aging process. This phenommenon has been called
Cubtural or Arcelerated Eutrophication. Dharning the pa st century, lakes
in many parts of the earth hawe been severelyeutmophied by sewagde ancl
agriciltural and inchistrial wastes The primme contaminants are nitrates
and phosphates, which act as plant nutrients. They owerstinmalate the
gmowth of algae. cadsitg unsightly scum and unplessant odors, and
mbbing the water of dissolved cerfgen wital to other aquatic life. At the
same time, other pollutants flowing into a lake may poison whole
popalations of fish, whoss decomposing memains further deplete the
water s dissolved oy n content. In such fashicn, a lalee can literally
chobke to death.

Heated [thermel] wastewaters flomwing ouf of electricity -gererating units,
e.g., thermal power plants, constitute another inportant category of
pollutants. Thermel wastewater elimihates of recuces the number of
onganizns sensitive tohigh ternperature, and may enhance the goowth of
plants ancd fizh in extemely cold ares s but, only after causng damage o
the indigenoaz flora and fauna,

16.2.2 A Case Sfndy of Integrafed Waste Water Treatmienk

Wia stewater including sewag can be treated in an integrated manner, by
utilizing a i of artifi dal and natural processes. A0 example of sichan
initiative is the town of Arcata, situated along the northern coast of
California. Collaborating with biologists from the Humbolcdt
State University, the townspeople created an integrated waste water
treatmrent process within a natural systern The cdeaning ocours in two
stages — [a) the conventional sedimentation, filterng and chlorine
treatmrents am given. After thiz stage, 1ots of dangemus pollutants like
dissolved heavy metals still remain. To combat this, an innoeative
appmach was taken and [b] the biclogists deseloped a series of &H
cofine cted marshes over 60 hectares of marshland. Appropriate plants,
algae, fungdi and bacteria were seeded into this area, which neutralize,
absorb and assimilate the pollutants Hence, as the water flows throagh
the marshes, it gets purified naturally.

The marshes also constitute a sanctuary, with a high lewel of
biocliversity in the formof fishe s, anirnals and birds that now resice there.
A citizens group called Friendsof the Arcata Marsh (FOARM) ame responsble
for the wuplkesp and safeguarcing of this wotderful project.

Al this titne, we have assumed that rermnoval of wastes require s water,
ie. . the creaticn of sewage. But what if wateris not fiecessary o dispose
off hurnan waste, like eacreta? Can jpou imagine the anonant of water that
e can save if one dido’t have to flush the toilet? Well, this is alreadya
reality. Ecological sanit ation is a sustainable spstem for handling hirman

-
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gxcreta, waing dry conposting toilets This is 2 practical, higiendc, efficient
and cost-effective solutioh to himan waste dispozal. The key point to
tuote here is that with this composting method, human exoreta can be
recycled ittho aresouirce (2 natural fertiliser) , which mchices the nesd for
chermical fertilizers. There are working FeoSan’ toilets in many areas of
Eerala atd S0 Lanika.

16,8 Beoosn Wasies

Solld wasies refer 1o everything that goes out in trash. Munlclpal solid
wastes are wastes fiom hores, offices, stores, schools, hospitals, ete.,
that are collected and disposed by the mouni dpality. The ormnicdpal solic
wastes generally comprise paper, food wastes, plastics, glass. metals,
rubber, leather, testile, ste. Burning reduces the wlume of the wastes,
althmagh it is generally not bumt o coropletion and open dumps often
sene A the brescing ground for rats and flies Sanitary landfills wers
acopted as the substitute for open-burning champs. In a sanitary lanciill,
wastes ame durmnped i a depressioh of trench after commpaction, and
coverer] with ditt eserpday IF goud liee 0 a0 toton oF Gy, do gou koo
Lotere the nearest andfil site 3F Landfills are also ot really moach of
a soluticn sitice the amouant of garbage gneratioh specially in the metros
has increased 0 much that these sites are getting filled too. Also there
iz danger of ssepage of chermicals, eto., fmom thes landfills pollutitg the
undergronanc water msourees.

A solution to all this can only be in hume beings becorning more
sensitive 1o these environmrent issues. All waste that we generate can
be categoris=d into thmee types — [a) bio-degdradable, [b) recpclable and
[c] the noh-biodegradable. It iz imnportant that all garbage generatec is
sorted. What can be rewsed or recycled separated oud; our kabadivooilahs
and rag-pickers do a great job of separation of materials for recyoling.
The biccegradable materials can be put intodesp pits in the grotand and
b 1eft for fiatiral brealdown. That leaves ohly the not - biocegradable to
be dispozed off. The need to rechice our garbage deneration should be a
prime goal, instead, we ae increasing the use of non-biodsgradatle
prociucts. Just pick any madpmace packet of any jgood quality eatable,
say a bisoait packet, and stady the packagng —do o see the marmber
of protective layers 1 zed? Mote that atleasztone lager is of plastic. We hawve
startec packaging even our daily use prochucts lilke milk and water in
polybagstT In cities, fraits and wegetables can be bought packed in
beautiful polysterene and plastic paclagitng — we pay so omich and what
do we do? Contribute heawily to environmental pollution. State
Governments acmss the country are trying 1o push for recluction in wse
of plastics and use of eco-foendly packaging. "We can doour bit by carcying
cloth or other natural fibre carry-bags when we go shopping and by

refusing polythene bags.
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16.2.! Case Btudy of Rem edy for Plastic Waste

& plastic sack manufacturer in Bangalore has managed to find the
ideal solution to the everdndeasng problem of accumdating plastic
waste. Ahmed Ehan, aged bY jears ald, has been prochucing plastic
gaclks for 20 years. Aboiit 8 1=ars ago, he realiz=d that plastic waste
was a real problern Folyblend, a fine powcer of recjrled rmodified plastic,
was developed then by his conpany. This oature iz mied] with the
biturnen that iz used to lay roads. In collaboration with BV College of
Engineeritig and the Bangalore City Corporation, ahmnsd Fhan proosed
that blends of Folyblend and bitumrern, when used to lay roacs, enhancoec
the biturmen’s water repellant propertie s, and helped to ihorease road
life by a factor of three. The raw material for creating Folyblend is angy
plastic filn waste. 30, against the price of s, 0.40 per kg that rag
pickers had been getting for plastic waste, Fhan now offers Fs.6. Using
Ehatr's technique, by the pear 2002, more than 40 kms of mad in
Bangalomre ha s already been laid. At thiz rate, Ehan will soon be nanning
short of plastic waste i Bangalore, to produce Folyblend. Thanles to
inhowations like Folyblend, we mught =il awoid being sooothered by
plastic waste.

Hospital s getierate hazardois wastes that contain dizinfectants ancd
other harmful chemicals, and also pathogetic o aro-organisms. Such
wastes also equire carefid treatrrent and dizpozal. The wse of incinerators
is crucial to disposal of hospital waste.

Irreparable computers and other electronic goods are knowt as
elecironic wasies [e-wastes| E-wastes are bured in landfills or
incinerated. Owver half of the e-wastes generated in the dewveloped world
are exported to deseloping countries, meinly to China, Incia and Palcistan,
where metals like copper, iton, siliooh, ficlee]l and gold are recovemrd
during recycling process. Unlike deweloped countries, which hawe
specifi call e tuailt facilitie s for recycling of e-waste s, recyclityg it cewelopitg
coiantrie s aften involies manial participation thus exposing workers to
toeic substances present in e-wastes Exentually moycding iz the anly
solution for the treatment of e-wastes proviced it is carried out in an
etrctrnent -friendly mantner.

15,4 AGRo—CHEMICALS AND THER BEFFROTS

I the wake of green rewolution, use of inondani c fertilisers and pesticides
has indeased manifold for enhancing coop procuction. Pesticices,
herbicices, fungrides, ete., am being increasingy used. These incicentally,
are also toaic o non -target organi sms that are iroportant conponents of
the sdl eccsystem Do jaon think the s can be biormagnified in the termestrial
ecosysternsY We Inow what the addition o increasing amonntsof artificial
fertilizers can do to aguatic ecosystems wis-d-vis eutrophication. The
cument pmoblerns in agricilbame are, therefore, eatremely grave.
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16.4.1 Case Stody of Organic Farmning

Integrated onfatic farmritg is a cyclical, Zero-waste procedure, wheme waste
prociucts frofn ohe proce s s are cicled in as nutrients for other pocesses.
Thiz allows the masitmarn utilization of resource ahd increasss the
efficiency of prochicticn. Ramesh Chandra Dagar, afarmer in Sonipat,
Harpana, iz doing jist this. He incuce s bes-leeeping, dairy mana gerrent,
water harvesting, composting and agriculture in a chain of processes,
which support each other and allow an extremely ecoronmcal and
sustainable vetibure. There is noneed towse chermical fertili sers for coops,
as cattle exoreta [dung) are 1sed as mahure. Crop waste is wsed to create
corrpost, which can be used as a natural fertiliser or can be wsed to
getnerate natural gas for satisfying the energy needs of the farm.
Enthusiastic about spreading informetion and help on the practice of
integrated organic farming, Dagar has created the Harpana Hisan Welfare
Club, with a current membership of 5000 farmers.

15.9 Ranroantve Wastses

[nitially, muclear energy was hailed as anon-polluting way for generating
glectricity. Later o, it was realised that the wse of foadear enengy has two
Very sefiol sinherent problerns. The first iz accdcental leakage, as ocourmed
it the Three Lils Island and Chernobyl incdents and the sscondis safe
disposal of racioactive wastes.

Fadiation, that iz given off by muclear waste iz extemely damagng o
biolog cal orgatismns, becalzs it cause s omatations tooccur ata very high
rate. At high dose s, muclear raciation is lethal but at lower coses, it creates
wvarious cdisorders, the moost fequent of all beitg cancer. Therefore, i clear
waste i5 an extremely potent pollutant and has o be dealt with wtmost
cautiog.

It has been moommrenced that storage of nuclear waste, after sufficient
pre-treatment, should be dotie in suitably shielded containers taried
within the rocks, about BO0 mdeep below the earth’s surface. However,
this method of disposal is meeting stff opposition fromn the public Wy
do o think this method of dispesal (s not agreedble to mony peope?

15,8 Grepwmonss BFFrcT ave Grozar. Wapnoms

The term ‘Greenhoil s2 effect’ has been derived o a phenomrenon that
OCoirs it A greenhoid s2. Have o ever seen A @freenhouse? [looks lilke a
srnall glass hiotss and is wsed for growitgg platts especially during winter
In a greenhouse the glass panel lets the light in, butdoss not allow heat
toeszcape. Therefore, the greenhodl z2 warmms up, werymdch lile inside a
car that has been parked in the sun for a few hours.

The greenhioize effect is a naturally occumingg phetnommeno that is
responisible for heating of Earth’s surface and atoosphers. Tow woidd be
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Figure 16.6 Sunlight erergy ot the outermnost atmosplers

surprised 1o know that without greenhouiss effe ot the asverage ternperatiume
at surface of Earth wotdd hate besh a chilly -1 39 rather than the pressat

average of 16°C. In omler to understand the
geetihou s effect, it is necessary to lonow the
fate of the energy of sunlight that reaches the
outermoost atmosphere [Figure 1 6.6]. Cloucds
and gass reflect about one-fourth of the
ot g solar faciation, atd absorb some of
it but almost half of incormming solar racliation
falls o Earth's surface heatitgit, while a smell
proportion is reflected back. Earth's surface
et s heat in the form of inframd radia tion
buat part of this does not ezcape into space as
atmospheric gases [g.g., carbof cioxide,
rrethane, ete.] absorb amejor fraction of it. The
rmolecules of these gases radiate heat energy,
and a major part of which again comes o
Earth's surface, thus heating it up onee agait.
Thiz cycle is repeated moany a times. The

above-rrentiotied Fases — carbon dicxicke and nmethane — are conmotly
ko 4z greenhoiize gazes Figume 16.7) because they are respotisible

for the greenhouise effect.

NgD %

Figure 16.7 Felatiwe contribution of verious
greenbioase gases o total global
AT LG
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Increases it the level of greenhouze gases hasled 1o oohscerable heatitg
of Earth leading to global warming. During the past century, the
temperature of Earth has increazed by 0.6 2C, most of it during the last

1



Figure 16.8 Ozone hole is the area above

BIOLOGY

three decades. Sclentists belleve that this rise in temperature 1s leading
to deleterlous changes in the environment and resulting in odd climatic
changes (e.g. El Nino effect] , thus leading to increased melting of polar
1ce caps as well as of other places like the Himalayan snow caps. Over
many years, this will result in a rise in sea level that can submerge many
coastal areas. The total spectrum of changes that global warming can
bring about 18 a subject that 1s still under active research.

How can we control global warming? The measures include cutting
down use of fossil fuel, improving efficlency of energy usage, reducing
deforestation, planting trees and slowing down the growth of human
population. International initiatives are also being taken to reduce the
emission of greenhouse gases into the atmosphere,

16,7 Ozows DEPLETION IN THE
BTRATOSPHERE

You have earller studled In the Chemistry
textbook of Class XTI about ‘bad’ ozone, formed
In the lower atmosphere (troposphere) that harms
plants and animals. There 1s ‘good’ ozone also;
this ozone i1s found in the upper part of the
atmosphere called the stratosphere, and it acts
as a shield absorbing ultraviolet radiation from
the sun. UV rays are highly injurlous to living
organisms since DNA and protelns of llving
organisms preferentially absorb UV rays, and its
high energy breaks the chemical bonds within
these molecules. The thickness of the ozone in a
colummn of alr from the ground to the top of the

Antarctiea, shown in purple
colour, where the ozone layer
i1s the thinnest. Ozone
thickness 1s given in Dobson
undt (see carefully the scale
shown In colour violet to red).
The ozone hole over Antarctica
develops each year between
late August and early
October. Curtesy: NASA

atmosphere 1s measured in terms of Dobson
units (DU).

Ozone gas Is continuously formed by the
action of UV rays on molecular oxygen, and also
degraded into molecular oxygen in the
stratosphere. There should be a balance between
production and degradation of ozone in the
stratosphere. Of late, the balance has been
disrupted due to enhancement of ozone
degradation by chlorofluorocarbons (CFCs).

CFCs Iind wide use as refrigerants. CFCs discharged in the lower part of
atmosphere move upward and reach stratosphere. In stratosphere, UV
rays act on them releasing Cl atoms. Cl degrades ozone releasing
molecular oxygen, with these atoms acting merely as catalysts; Cl atoms
are not consumed In the reaction. Hence, whatever CFCs are added to
the stratosphere, they have permanent and continuing affects on Ozone
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lenels. Although orone depletion is ocourring widely in the stratosphere,
the depletion is particularly mardced over the Antarctic regiot. This has
mesulted in formation of & large area of thinned ooone lajer, conmoly
calledl az the ozone hole [Figume 16.5).

I radliaticn of waselength s shorter than 1T -B, ate almost comapletely
absorted by Earth's atmmosphere, givet that the omohe lageris intact. But,
ITV-5B damages DNA and rmatation may ocour. It causes aging of skin,
clarmagde to skin cells and wanious types of slin cancers. I himen eje,
cornea absorbs UV-E radiation, and a high dose of TV-B causes
inflarmation of corhea, called smow-blindness cataract, etc. Such
ERpOSUIE may perfnanently damade the oortea.

Reoognising thedeleternous affects of ozote depletion, an intematiotial
treaty, nown a5 the Monireal Protocol, was signed at Montreal [ Canacla)
itn 1987 [effective in 1980] to control the emizsion of coone depleting
substances. Subsequently many more efforts have been made anc
priotocols hase laid down definite roadmaps, separately for developed atd
cewveloping countries, for educing the ermisson of CFCs andother ooone
cepleting chemicals.

1. B DesranaTion oy Iverorer REsoTRer U TDASAaTion
& B A INTRENG R

The degradation of naturalresources canocour, notjust by the action of
pollutants but also by impmoper resource utilisation practices.

Soil eroslon and desertification: The development of the fertile top-s0il
takes centuries. But, it can be eooned very easily dus tohurman activities
like ower-cultivation, unrestricted grazing, deforestation and poor
irmigation practices, resulting in arid patches of land. When large barren
patches eaxtend and mest over tirre, a desertis meated Intemationally, it
has beet recogni sed that desertification is a major problemn nowacays,
particularlycue to increa sed urbanisation.

Waterlogging and soil salnity Irmgation without proper draitage of
water leads to waterlogging in the scil. Besides affecting the crops.
waterloggitg draws salt to the surfaceof the soil. The zsalt then is ceposited]
as a thin crust on the land surface or starts collecting at the roots of the
planits. Thiz incmeased salt content is initrical o the gowth of crops and
iz extrerely damaging to agnculture, Waterlogging and s0il salinity are
sorre Of the problerns that hate come it the walke of the Greet Bevolutiot.

15,59 DiFoRasSTATION

Deforestation is the cotvversion of forested areas to non-forested ones.
Aroorditid to ah estirnate, almost 40 per cent forests have besn 1o in the
tmopics, compared to ody 1 per centin the temperate region. The present
soetario of defore station is particulany grim it India. At the begitning of

-
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the twentieth century, forests covered about 30 per cent of the land of
India. By the endof the century, it shrunk 1o 19.4 per cent, whereas the
Naticnal Forest Folicy (1988) of India has reconrrencded 53 per cent fore st
cover 1or the plaitis and 67 per cetit for the hills,

How does deforestation occour? A number of human activities
cottribtiite to it Cne of the mejor reasons is the oofiversion of forest 10
agricultural land 50 a5 to feed the growing human population, Trees are
ased for tirnber, firewood, catfle ranchin g and for several other purposes.
Slash and burn agriculure, commonly called as Jhium cultivation in
the niorth-sastem satesof India, has also cottributed to defore statioh.
It1 slash and tam agn calture, the farmers oat dow the trees of the fore st
and biim the plant refnains The ash iz Wsedlas a fertilizer and the landiz
thety wsed for farming or cattle grazing. After caltivation, the area is left
fofr several years soas to allow its eeovery. The farmers then move o to
other area s and repeat thi s proces s, earlier dags, when Jhorm caltivation
Wasit prevalenice, enoligh titne-gap was gyvet sich that the land reconemed
fromm the effect of cultivation. With increasing population, andrepeated
ciltivation, thiz recovery phasze iz done away with, resulting in
defore statiot.

What are the consequen o2 s of deforestation? One of the major effects
iz enhanced carbon diceice conicentration in the atmosphere becal se
trees that oowld hold a 1ot of carbon in their bicfess are lost with
defore station. Deforestation also causss los s of biodiver sty chue tohabitat
destraction , disturbs hydrologic cyce, cauzes soil erosion, and may lead
to desertificatioh it extreme cases.

Reforestation iz the process of restoring 4 fomest that once existed
bttt was meoowed at some point of time i the past. Refomestation magy
oc e naturally in a deforested area. However, we can speed it up by
planting trees with due cohsideration 1o bodiversity that earlier existed
it1 that area.

16.9.1 Case Sindy of People’'s Partivipation in

Conservation of Forests

Feople’s patticipation has a long history in India. In 1731, the king of
Jodhpur in FEajasthan asked one of his mini sters to arrange wood for
cofistracting a new palace. The minister and workers went to a forest
tiear a willage, inhabited by Bishnods, to cut down tees. The Bishinod
conIriAnity is nown for it 5 peacefill co-emistence with nature. The effort
to cut cowen trees by the kings was thwarted by the Bishnois. & Bishnod
wiommnan Arrrita Devi showed ezermplany courage by hugging a tree and
daritig king s men to ot her first before cutting the tree. The tree mattered
trtch more toher than her ownlife. Sadly, the kitg s men did not heed to
her pleas, and ot down the tree along with Anrita Devi. Her three
danghters and hundreds of other Bishnois followed her, and thuas lost
their lives savitg tress. Howhers in history do we find a comnmitrent of
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thi & maginit ude when human beings sacrificed their lives for the cause of
the environment. The Government of India has recently instituted the
Amrita Dewl Bishnol Wildlife Protectlon Award for individuals or
connihities fiom raral areas that have shown extracroinary ourage
and dedication in protectivg wildlife.

Tion may have heard of the Chipko Movement of Garhwal Hirnalayas.
In 1974, local wornen showed enommnois brasery in protecting tree s fiomm
the aze of contractors by hugding them Peopls all over the word have
acclaimed the Chiplo moremrent.

Realizing the significance of participation by local comrranitiss,
the Gowvernment of [ndia in 19805 has inftroduced the concept of
Joint Forest Management [JFM) s0 as to wark closely with the local
conmnihities for protecting and managfing fomests. I return o their
services to the forest, the commmanities gt benefit o warios fore st procduct s
[e.g., fouits, gurmn, nabber, medicine, etc], and this the fomst can be
cotierved it a s stainable manter

SUMMARY

Major issues relating to environmental pollution and depletion of

walnable nabaral resources vary in dimension from local, regional to
global Ewels., fir pollation primaridy resalts from aming of fos=sid fuel,
eg., coal and petrolewmn, in industries ard in automcbiles. They are
harmfial to hoamans, animals and plants, and therefore rmast be removed
to leep our air clesn. Domestic sewsgs, the most common souree of
pollution of water bodies, reduces dissolwed oxypgen but increases :
biochernical crpgen demend of receiving water. Domestic sewage is rich
in ratrients, especially, nitrogen and phosphorus, which cause
eutrophication and muisstee slgsl blooms. ndustrial waste waters are
often rich in toxic chemicals, especially heavy metals and organic
compoatds. Industrial waste waters hamn living orgenisms. Muricipad
solid wastes also create problems= 2nd must be disposed of in lardtill=.
Disposal of hasardous wastes like defunct ships, radicactive wastes
and e-wastes requires additione] efforts. Scil pollution primaridy results
from agricultural chemicals (=g, pesticides] and leachates from =olid
wmstes deposited ower it

Two major environmental issuss of global nature are increasing
greerhonze effect, which i= werming Earth, and depletion of omne in
the stratosphere. Enhenced gresnhouse effect i= mainly dus to
ircressed emission of carbon diowde, methane, nitrous oxde and CFOs,
and alzo due to deforestation I may drastically chenge rainfall patters,
global temperature, besides deletericusly affecting living organisms.
Gmne in the stratosphere, which protects us from harmful effects of
{ o ultrasiolet radiation, is depleting fast dus o emission of CFCs thus |

-
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EXERCISES

What are the werioas constituents of domestic sewage? Discuss the
effects of sswage discharge on a miver.

List all the wastes that pou generate, at homes, school or during poar
trips to other places, could pon wery easily reduce? Which would be
diffictalt or rather impossitle to reduce?

Discuss the canses and effects of globel warming. What messures need
to be talen fo control globel wearming?

Match the items= @iven in colamn A& sand B:

Column A Column B
(&) Catalptic comverter [ Particulate matter
(b] Electrostatic precipitetor [ Carbon monoxde snd nitrogen oxides
[z] Earmnidts [iil] High noise lewsl
[d] Landfills liv) Solid wastes
Trite crtical notes on the follovsbrng:
(2] Eutrophication

(b] Biclogicel magnification
(=l Grovmdweater depletion and waps for its replenishrnent

Why osone hole forms ower Antarctics? How will enhenced waltrasdolet
radiztion affect ws?

Discuss the role of women and communities in protection and
conservation of forests.

What measures, a5 an individual, pow would take to reduce
ervironmental pollution?

Discuss briefly the followding:

(2] Fadicactive wastes

(b] Defanct ships and ewastes

(o) MMunicipsl solid wastes

Tirhat initiatives were talen for reducing wehicular sir pollation in Delhi?
Has air quality improved in Delhi?

Discuss briefly the followang:

(2] Gresmhouse gases

(b] Catalptic converber

(c] Ultraviol=t B






