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FOREWORD

In our continuous effort to evolve and to keep pace with this fast changing
world, this Biology book for Class-XII students has been written. The book comprises
of 5 units and there are 17 chapters wherein certain important aspects of Biological
Science have been incorporated. As | find, the chapters include day to day affairs
of the modern man. It will not only benefit our students to face the challenges of
different types of examination but in the long run, help them to become complete
citizens, also.

The Council of Higher Secondary Education (CHSE), Odisha has
implemented the Biology syllabus in line with National Council of Education,
Research and Training, New Delhi from the session 2016-17, so as to integrate our
students with national mainstream. This part, meant for Class-XIl students are
again, very important since our students have to appear at the Council Examination
with the help of this textbook.

This unique work has been done by the board of writers in Biology and were
reviewed rigorously by the board of reviewers. Finally, the proofs have been
meticulously read and recast by Dr. Basanta Kumar Choudhury and Dr. Pradip
Kumar Mohanty. | sincerely thank all of them. This book could see light of the day
because of their efforts only.

My sincere thanks to Government of Odisha for its interest in the publication
of this textbook. | also appreciate CHSE, Odisha for selecting us for the preparation
and publication of the book. The Bureau will humbly appreciate the constructive
comments and suggestions to improve the standard of the book.

Sri Umakanta Tripathy
Director
Odisha State Bureau of Textbook
Preparation and Production,
Bhubaneswar



PREFACE

Bioengineering expert, Catherine J. Paul, of Lund University, Sweden has
the following observation on Biological Science, "a previously completely unknown
ecosystem has revealed itself to us. Formerly, you could hardly see any bacteria at
all and now, thanks to such as massive DNA sequencing and flow cytometry, we
suddenly see 80 thousand bacteria per ml of drinking water". We know that the
modern biological science which had a humble beginning at the turn of last century
by rediscovery of Mendelism made a breakthrough with deciphering the structure
of the wonder molecule, DNA. After that landmark event, the science of biology
has made giant strides in many spheres last six or seven decades.

We tamed the nature and exploited its natural resources beyond its
replenishment level. We knew more and more about our anatomy, physiology etc.
in order to live a sophisticated life. In the process, we got detached from nature.
Our evolution and improvement in the quality of life had share of ill effects.

A student of Biology should know all these so as live a life in harmony with
nature. Class-Xll Biology syllabus has been framed in such a way by National
Council of Education, Research and Training (NCERT), New Delhi and corroborated
by Council of Higher Secondary Education (CHSE), Odisha that all the discussed
ingredients have been incorporated in it. The writers and reviewers in Biology here
made an humble attempt to deal all the chapters so that it can be clearly understood.
They hope it will cater to the needs of our students as well as teaching community.

Keeping an eye on the requirements of our students certain chapters have
been conveniently elaborated. It is now open to the students and teachers in Biology
to go through all the chapters and provide their valuable constructive feedback.
The boards never claim the write up is original one. It has been taken from certain
primary and secondary sources.

The writers and reviewers acknowledge their deep sense of gratitude to Odisha
State Bureau of Textbook Preparation and Production, CHSE, Odisha and
Department of School and Mass Education, Government of Odisha for relying on
the same team to write the Class-XIl Biology book. All the members of both the
boards unequivocally thank Sri Biraj Bhushan Mohanty, Deputy Director of the
Bureau for his unceasing efforts and inspiration. Lastly, they thank Sri Ashok Kumar
Ojha, DTP Operator, M/s. Print-tech Offset Pvt. Ltd., Bhubaneswar, Odisha for
undertaking the arduous task of typing and designing all text materials of the book.

Srigundicha,
25.06.2017 Writers & Reviewers



BIOLOGY SYLLABUS

CLASS - Xl

(Science)
(Theory)
REPRODUCTION (Periods - 22)

(@) Reproduction in organisms : Reproduction, a characteristic feature of
all organisms for continuation of species; Modes of reproduction - Asexual
and sexual; Asexual reproduction; Modes- Binary fission, sporulation,
budding, gemmule formation, fragmentation; vegetative propagation in
plants.

Sexual reproduction in flowering plants : Flower structure; Development
of male and female gametophytes; Pollination-types, agencies and
examples; Outbreeding devices; Pollen-Pistil interaction; Double
fertilization; Post fertilization events- Development of endosperm and
embryo, Development of seed and formation of fruit; Special modes-
apomixis, parthenocarpy, polyembryony; Significance of seed and fruit
formation.

(b) Human Reproduction : Male and female reproductive systems;
Microscopic anatomy of testis and ovary; Gametogenesis-
spermatogenesis and oogenesis; Menstrual cycle; Fertilization, embryo
development upto blastocyst formation, implantation; Pregnancy and
placenta formation (Elementary idea); Parturition (Elementary idea);
Lactation (Elemntary idea).

Reproductive health : Need for reproductive health and prevention of
sexually transmitted diseases (STD); Birth control- Need and Methods,
Contraception and Medical Termination of Pregnancy (MTP);
Amniocentesis; Infertility and assisted reproductive technologies - IVF,
ZIFT, GIFT (Elementary idea for general awareness).

Il. GENETICS AND EVOLUTION (Periods - 20)

(@) Heredity and Variation : Mendelian Inheritance; Deviations from
Mendelism-Incomplete dominane, Co-dominance, Multiple alleles and
Inheritance of blood groups, Pleiotropy; Elementary idea of polygenic
inheritance; Chromosome theory of inheritance; Chromosomes and genes;
Linkage and crossing over.




(b)

(€)

(d)

Sex determination : In humans, birds, honey bee; Sex linked inheritance-
Haemophilia, Colour blindness; Mendelian disorders in humans-
Thalasemia; Chromosomal disorders in humans- Down’s syndrome,
Turner’s and Klinefelter’'s syndromes.

Molecular Basis of Inheritance : Search for genetic material and DNA
as genetic material; Structure of DNA and RNA; DNA packaging; DNA
replication; Central dogma; Transcription, Genetic code, Translation; Gene
expression and regulation- Lac Operon; Genome and human genome
project; DNA finger printing.

Evolution : Origin of life; Biological evolution and evidences for biological
evolution (Paleontological, comparative _anatomy, embryology and
molecular evidence); Darwinism, Modern Synthetic theory of Evolution;
Mechanism of evolution- Variation (Mutation and Recombination) and
Natural Selection with examples, types of natural selection; Gene flow
and genetic drift; Hardy-Weinberg’s principle; Adaptive Radiation; Human
evolution (in brief).

BIOLOGY AND HUMAN WELFARE (Periods - 08)

(@)

(b)

(c)

Health and Disease: Pathogens; parasites causing human diseases
(Malaria, Filariasis, Ascariasis, Typhoid, Pneumonia, common cold,
amoebiasis, ring worm); Basic concepts of immunology- vaccines; Cancer,
HIV and AIDS; Adolescence, drug and alcohol abuse.

Improvement in food production:
(i) Plant breeding, tissue culture, single cell protein, Biofortification;
(i)  Apiculture and Animal husbandry.

Microbes in human welfare : In household food processing, industrial
production, sewage treatment, energy generation and as biocontrol agents
and biofertilizers.

BIOTECHNOLOGY AND ITS APPLICATIONS (Periods - 08)

(@)

(b)

Principles and process of Biotechnology : Genetic engineering
(Recombinant DNA technology).

Application of Biotechnology in health and agriculture : Human insulin
and vaccine production, gene therapy; Genetically modified organisms-
Bt crops; Transgenic Animals; Biosafety issues- Biopiracy and patents.



N.B.:

ECOLOGY AND ENVIRONMENT (Periods 12)

(@)

(b)

(c)

(d)

Organisms and environemnt : Habitat and niche; Population and
ecological adaptations; population interactions-mutualism, competition,
predation, parasitism; Population attributes-growth, birth rate and death
rate, age distribution.

Ecosystems : Patterns, components; productivity and decomposition;
Energy flow; Pyramids of number, biomass, energy; Nutrient cycling
(carbon and phosphorous); Ecological succession; Ecological Services-
Carbon fixation; pollination, oxygen release.

Biodiversity and its conservation : Concept of Biodiversity; Patterns of
Biodiversity; Importance of Biodiversity; Loss of Biodiversity, conservation;
Hotspots, endangered organisms, extinction, Red Data Book: Biosphere
reserves, National parks and Sanctuaries.

Environmental issues : Air pollution and its control; Water pollution and

its control; agrochemicals and their effects; Solid waste management;

Radioactive waste management; Greenhouse effect and global warming;
Ozone depletion; Deforestation; Any three case studies as success stories
addressing environmental issues.

la, Il &, c; 1l b (i), c and v units are to be taught by Botany Faculty. | b; 1l b; Il a,
b(ii); IV units are to be taught by Zoology Faculty.)



QUESTION PATTERN AND DISTRIBUTION OF MARKS

BIOLOGY (Theory)
Class - Xll (Science)

SECTION - A
(BOTANY)

Time : 1.5 hours

Q1.
Q2.

Q3.
Q4.

Group A
(Objective Type - Compulsory)
Multiple choice / one word answer : 1 mark each x 5
Correct the sentences / Fill up the blanks : 1 mark each x 5

Group B
(Short Answer Type)
Answer within three sentences : 2.5 marks each x 3
Difference between (3 important differences)
(1 bit to be answered out of 3 bits) : 3.5 marks
Group C

(Long Answer Type)
Answer two questions out of four : 7 marks x 2

SECTION - B
(ZOOLOGY)

Time : 1.5 hours

Q1.
Q2.

Q3.

Q4.

Group -A
(Objective Type-Compulsory)
Multiple choice / one word answer : 1 mark each x 5
Correct the sentences / Fill up the blanks : 1 marks each x 5

Group - B
(Short Answer Type)
Answer within three sentences : 2.5 marks each x 3
(3 bits to be answered out of 6 bits)
Difference between (3 important differences)
(1 bit to be answered out of 3 bits) : 3.5 marks

Group - C
(Long Answer Type)
Answer two questions out of four : 7 marks x 2

Full Marks : 35

=5 marks
= 5 marks

= 7.5 marks

= 3.5 marks

= 14 marks

Full Marks : 35

= 5 marks
= 5 marks

= 7.5 marks

= 3.5 marks

= 14 marks

N.B : Long answer type questions are to be set only from the portions underlined in the

syllabus.
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UNIT - | : REPRODUCTION
CHAPTER

REPRODUCTION IN ORGANISMS n

Till date not other planet in the solar system except the Earth is known to sustain life.
Hundreds and thousands of living organisms abound every conceivable space in this planet
and they form the biospere. The organisms in their size, shape, structure, function, habit and
habitat etc. vary extensively. Yet they consistently exhibit a unique character, i.e. from a living
being another living organism is produced. As a result of this, the constancy and continuity of
the said species is maintained. This is called the phenomenon of reproduction. In other words,
reproduction is said to be a bilogical process of perennation and continuation of a species from
generation to generation.

There is a great diversity in the living world in their method of reproduction. It is typical
to the organism concerned. Factors like environment, physiology, habitat etc. of the organism
influence simultaneously its mode of reproduction. Based on the type of reproductive unit, the
reproduction process may be sexual or asexual. In the sexual reproduction, reproductive units
called gametes which take part to produce zygote. The gametes when morphologically and
physiologically similar are called isogametes. When differences occur between two fusing
gametes, it may be called anisogametes or oogametes. The former one is the process of
isogamy and the later, termed as heterogamy.

In the cases, where such gametes are not developed in offspring production, it is called
asexual reproduction.

11 ASEXUAL REPRODUCTION:

In the asexual method of reproduction, the reproductive units are called spores which
may be motile or nonmotile. Sometimes, the vegetative structures of the organisms may get
segregated accidentally and grow into a new indivioluals. Later method may be called as
vegetative propagation. Here, unlike to asexual or sexual method, no specialized reproductive
units are formed for the production of progenies.

Asexual reproduction is very common among lower plants, animals and particularly in
the kingdoms of Monera, Protista and Fungi. In these cases offsprings are produced by the
processes called fragmentation, fission, budding, gemmule formation, sporulation etc.

1.1.1 Fragmentation (Fig. 1.1) :

This type of vegetative propagation occurs in most of the lower plants belonging to
algae, fungi and bryophytes as well as many highly developed angiosperms. Among the animals



also such types of reproduction by
fragmentation occur in lower animals like
sponges, Hydra, etc. This is a process of
accidental breakage of vegetative cells and
development of the fragmented or broken parts
into new organisms. The accidental breakage
may occur due to wind, water current or injury
caused by animals while feeding. In
economically important horticultural or crop
plants, human being uses this method of
segregating plant parts for his own benefit.

1.1.2 Fission:

Bacteria, certain unicellular algae and
such types of organisms propagate by the
method of cell division. In this process, the
nucleus and cytoplasm grow and divide into
two eugl parts. This is called binary fission. It
is the predominating form of reproduction in
bacteria (Fig.1.2)

Other organism Ilike Amoeba,
Paramaecium and Euglena also show binary
fession. In favourable conditions an Amoeba
enlarges
pseudopodia. It gets ready for cell division (Fig.
1.3). As a result of mitosis, two cells are
produced which are capable of growing into
independent organisms.

in size and withdraws its

Besides, binary fission, cells of certain
algae like Stanieria divide into more than 2 cells
and each part can develop to form new
organisms (Fig. 1.4). This is called multiple
fission.

Under unfavourable conditions like
drying of water reservoir or condensation of
water into ice, Amoeba shows a different type

Bureau’s Higher Secondary, BIOLOGY (Class- XII)

Fig.1.1: Fragmentation in Spirogyra (an alga)

Fig.1.2 : Fission in Bacteria

Fig.1.3 : Fission in Amoeba

Fig.1.4 : Multiple fission in Stanieria (an alga)
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Fig.1.5 : Multiple fission in Amoeba

of fission. It withdraws its pseudopodia and encloses itself by 2 to 3 layered strong envelope.
The process is called encystment. During the period, the metabolism of Amoeba is reduced to
the minimum. But its nucleus divides repeatedly to form a large number of nuclei. Each nucleus
remains surrounded by some amount of cytoplasm. When the suitable conditions sets in the
cyst disintegrates and premature daughter Amoeba called Amoebula get released. This is an
example of multiple fussion (Fig. 1.5). It is also called sporulation. Malaria causing Plasmodium
also propagates by multiple fission.

1.1.3 Budding:

The unicellular fungus, yeast (Saccharomyces) generally propagates by this method.
Outgrowths develop at the peripheral region of the mother cell which are called buds. Into this,
nucleus along with cytoplasm from the mother cell migrate. This causes daughter cells to enlarge
in size. It remains attached to the mother cell by a narrow neck. Gradually, it loses contact from
mother cell and grows into a new organism (Fig. 1.6). In the process of fission, the nuclear
material gets segregated in equal amounts in the daughter cell, but this may or may not happen
in the case of budding.

Fig.1.6 : Yeast Budding

Some other unicellular organisms and also muticellular ones like Sponge and Hydra
reproduce by budding. These are of two types- (a) external buds, (b) internal buds.
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(a) External budding : This occurs
under favourable conditions
when environmental conditions
are suitable and enough “ ] K / /
nutirents are available. Initially, ' o
tiny swellings called buds
develop in the median region of
Hydra body. This gradually
enlarges and coelenteron of
Hydra migrates into it. At the

Fig.1.7 : External Budding in Hydra.

terminal region of bud mouth

tentacles develop. This is the
Hydra in its infant stage which
when separated from mother cell
develop into new Hydra
(Fig. 1.7).

(b) Internal budding : When
conditions become unsuitable
and there is scarcity of the
nutrient supply, sponge forms
internal buds called gemmules.
In the process, special types of
cells called archaeocytes get
aggregated. A hard coat is

formed around it and the Fig.1.8 : Internal Budding in Sponges.

structure is now called gemmule
(Fig. 1.8). It remains open outside

by samll pore called micropyle.
When suitable conditions again,
sets in, the gemmules come out
through micropyle and new
sponges are formed.

1.1.4. Sporulation :

This is a very general process of
reproduction in organisms like algae and fungi.
Almost all algae, produce motile asexual
reproductive units called zoospores (Fig. 1.9).

. , e Fig.1.9:Z f ti
This can float freely in water with its cilia or 'a oospore formation
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flagella. Example: (Ulothrix). The zoospores
endogenously borne inside the structures known as
sporangia (Fig. 1.10) and are liberated from it when
become mature. Lower fungi like Saprolegnia reproduce
by zoospores (Fig. 1.11, a) but higher fungi like
Aspergillus, Penicillium possess nonmotile structures
called conidia (Fig. 1.11, b) These are exogenously borne
and can be easily disseminated by external agent like
air or water.

Fig.1.10 : Sporangium with
sporangiophore

(a) (b) (©)

Fig.1.11 (a, b) : Saprolegnia spores, (c) Penicillium conidia

1.2. VEGETATIVE PROGAGATION IN PLANTS :

As described earlier no specialized reproductive units are produced in the process of
vegetative propagation. When the plant is growing vegetatively, any part of it, say root, stem or
leaf may get separated from this plant. If this separated part can grow into new individuals their
it is called vegetative propagation.

Several types of vegetative propagation are seen among the flowering plants depending
on part involved in the process. This may occur under normal conditions or may be induced
artificially.

1.2.1. Byroots:

Some tap or adventitious roots of sweet potato, Dahlia etc. become thick, swollen due

to storage of food (Fig-1.12). The adventitious buds are borne on such structures. The buds

produce leafy shoots, called slips. When such roots with adventitious buds are planted in the
soil, they produce new plants and thus, vegetative propagation occurs.
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1.2.2 By stems:

The stems are efficient means of vegetative propagation. This may be of the following
two types.

(@) Subaerial stems : Subaerial stems may develop as lateral branches from the
mother plant. This may break up from the parent plant and then, grow into new
plants. (Fig.1.13) Example- Runners (Oxalis), sucker - (banana, Chrysanthemum),
stolon (Jasmine), offset (Eichhornia)

Fig.1.12 : A. Root Tuber of Sweet potato, B. Fasciculated root of Dabhlia,
C. Nodulose roots of mango ginger

Runner

Fig.1.13: Vegetative propagation by stem modifications : A. Runner, B. Stolon.
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Fig.1.13 : Vegetative reproduction by stem modifications : C. Sucker, D. Offset

(b) Underground Stems : In certain plants (Fig. 1.14) the underground stems become
modified for storage of food during the active phase of the growth. Examples-
Rhizome (Ginger), tuber (Potato), bulb (Onion) and corm (colocasia)

1.2.3 By leaves:

The fleshy succulent leaves of Bryophyllum (Fig.1.15) bear adventitious buds in their
notches located in the margins. When the leaves fall on moist soil, these buds develop into
small plants completing the process of vegetative propagation.

13 ARTIFICIAL METHODS :

Farmers, gardeners, horticulturists have taken advantage of this type of propagation in
plants. They have manipulated the process for their own benefit.

13.1. Cuttings:

This is a very common method. Here a piece of stem up to a suitable length is taken
from the parent plant. This stem piece is called the cutting. It should have few nodes and
internodes. The cutting is planted in moist soil with suitable nutrients. After sometime, roots
emerge from the nodes of the basal portions of the cuttings and the upper buds give rise to the
shoot. The plants of China rose, sugar cane, Bougainvillea etc are commonly grown by this
method.

1.3.2. Grafting :

In this process, a detached part of one plant (i.e. twig or bud) is inserted into the stem or
root system of another plant (Fig 1.16). The former is called scion (short piece of detached
shoot containing several dormant buds) and the latter stock (lower portion of the plant which is
fixed to the soil by its root system). The grafted portion is covered by grafting wax to avoid
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infection. The scion becomes part of the plant into which it is grafted. The new plant developed
bears flowers and fruits, characteristic of scion. Mango, rose, orange, guava etc. are generally
propagated by graftings.

1.3.3 Layering :

Here, roots are artificially induced to grow on the branches before they are detached
from the parent plant. There are three types of layering :

(i)  Serpentine layering : Branches at the lower portions of the stem are put in the
soil at many places to form new plants from them.

Fig.1.14 : Underground stem modifications : A. Bulb, B. Corm for vegetative propagation.

Adventitious buds

B c

Fig.1.15 : Reproduction by leaf Fig.1.16 : Grafting by stem cutting (A-C) different stages.
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(i)  Mound layering : Soft lower branches are selected and a ring of epidermal layer
is removed. This part is then pegged in the soil with the apical portion remaining
outside. After an interval of time, adventitions roots develop. Then the ringed portion
is cut off to allow new plant grow independently.

(i) Air layering : Here, a ring of bark is removed from the aerial branches. It is then
covered by grafting clay (water, clay, cow dung) with a little amount of root inducing
promoter. The entire portion is wrapped with polythene bandage. At a particular
time interval, roots are developed and when separated it can grow into a new
plant. Example - Pomegranate, orange, lemon etc.

Significance: Thisis a quick method of reproduction where survival rate of the progenies
is very high. Endangered or threatened plant species can be saved by such propagations.
Plants reproducing vegetatively take a short time to mature. Potato for example, takes three
months to mature. Plants with desirable qualities may be developed by this method. The
vegetative method of reproduction among angiosperms has a lot of agricultural and horticultural
applications.

1.4 MICROPROPAGATION :

This process is similar to rooting of plant cuttings and is, in a way, another method
of vegetative propagation of plants. However, it differs from the conventional procedure
since it is carried out in aseptic condition and requires an artificial nutrient medium. A small
plant cutting or explant (usually axillary bud) is sterilized and inoculated into culture vessel
containing semi-solid nutrient medium. The inoculated culture vessel is incubated at room
temperature. In a short span of time, a large humber of shoots develop from the axillary
buds through a process called axillary bud proliferation. Each growing point is then
subcultured to give rise to shoot. This phenomenon is called adventitious shoot formation.
Each shoot is stimulated by auxin to develop roots (Fig. 1.17 A,B). The new plantlet or
propagule is then transferred to field.

This method is generally practised for ornamental, fruit and crop plants. This is useful
because (i) the healthy propagules can only be obtained (pathogen free) (ii) rapid rates of
multiplication can be ensured (iii) Development of plant materials with desired traits and their
maintenance in a small space can be done.

Examples : Substantial benefits can be expected to occur in the production of crops
such as tea, coffee, oil palm, date palm, coconut, fruit yielding plants like papaya, banana,
Citrus and apples. Significant progress has also been achieved in developing protocols of
micropropagation of tree species. Mass propagation, in vitro, of teak, Eucalyptus spp., sandal
wood, different species of bamboo and many other trees has been successfully done.

Similarly, considerable progress has been made in commercial harvesting of medicinal
plants such as Dioscorea deltoidea, D. floribunda, Atropa belladona, Solanum Spp., Rauwolfia
serpentina etc. by microprogation techniques.



10 1 Bureau’s Higher Secondary, BIOLOGY (Class- XII)

Fig.1.17 : A. Micropropagation of meristematic plant shoot (axillary bud) cutting through
plant tissue culture technique; B. Development of shoot and root, one following the other,
through plant tissue culture technique (organogenesis).

Some species of potato, Cassava, sugarcane and banana are severely and chronically
affected by viruses. Yields of these crops can be increased significantly by planting disease
free stocks.

Potato is of most important and widely grown food crop in the world. But it is susceptible
to many viral pathogens, some of which may be present without perceptible symptoms. The
pathogens cause gradual decrease in vigour and yield of potatoes. Eradication of viruses can
be achieved by employing micropropagation techniques where healthy meristematic buds
are cultured. More than 500 plants can be obtained in about three to four months starting
from a single meristem. By manipulating the medium composition, light intensity and
temperature, plantlets can be induced to produce microtubers. These disease free microtubers
can be grown under controlled conditions in soil to form minitubers. The minitubers can be
planted directly in the field to raise a disease free crop.

Apart from the application of micropropagation techniques for generating true-to-
type planting material from elite genotypes, micropropagation holds special significance
in situations where rapid bulking of extremely limited stock material is required. The desired
genetic gains achieved through plant breeding can be multiplied several fold on an economic
and rapid time scale.
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SAMPLE QUESTIONS

GROUP - A
(Objective-type Questions)

1.  Fill in the balnks with correct answers from the choices given bracket :

(i)

(ii)

(i)

(iv)

(v)

Nonmotile asexulal reproductive units are called
(Zoospores, Buds, gametes, conidia)

In , a living organisms divide equationally.
(fragmentation, fission, budding, sporulation)
Yeast, generally, reproduces by

(fission, budding, sporulation, gametangia)

Dahlia propagates by

(roots, stem, leaf, seed)

The process by which one plant part is inserted into another to grow a new individual
plant is called

(layering, cutting, grafting, micropropagation)

2. Anwser in one word only :

(i)

(ii)
(i)
(iv)
v)
(vi)

What is called the motile asexual reproduction units?

In which asexual method do yeasts generally divide?

What can be called to sexual reproductive units?

What is the general asexual method of reproduction in Amoeba?
In the process of grafting, what is called to detached part?

In which process can large number of adventitious buds be formed?

3. Correct the statements without changing underlined words only :

(i)

(i)
(iii)
(iv)
v)

(i)
(ii)

In mound layering, branches at lower portion of the stem are put in the soil at many
places.

Dabhlia reproduces vegetatively by stems.

Aspergillus reproduces asexually by zoospores.
Internal buds in sponges are called gemma cups.

In binary fission, many cells can be produced from one cell.

Fill in the balnks :

The process of perennation of species takes place by

Zoospores are borne inside
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(i)  Under unfavourable conditions when a number of tiny Amoeba are produced by
multiple fission, it is called

(iv) Internal buds in Hydra are called

(v) In Bryophyllum, adeventitious buds are borned on

GROUP - B
(Short Answer-type Questions)

Write notes on the following with at least 2 valid points :
(i)  Asexual reproduction

(i)  Micropropagation

(i)  Cutting
(iv) Layering
(v)  Fission
(vi) Budding

(vii) Fragmentation

(viii) Micropropagation

Differentiate between the following with at least 3 valid points :
(i)  Zoospores and condia.

(i)  Asexual reproduction and Sexual reproduction

(i)  Grafting and Layering

(iv) Budding and Fission.

(v) Internal budding and Enternal budding.

(vi) Fragmentation and budding.

GROUP - C
(Long Answer-type Questions)

Give and account of vegetative reproduction in angiosperms
Describe the process of micropropagation and its advantages.
Describe asexual reproduction process in lower animals.

Describe the asexual reproduction process in lower plants.

aad



SEXUAL REPRODUCTION IN CHAPTER

FLOWERING PLANTS “

2.1 INTRODUCTION :

Sexual reproduction is a natural phenomenon among the angiosperms. The flowers
bear sex organs (stamens and carpels) or reproductive organs which finally produce haploid
male and female gametes. These haploid male and female gametes fuse to produce a diploid
zygote that develops into a new diploid plant body, the sporophyte.

The flowering plants like other living organisms have two distinct phases in their life
cycle, such as; a diploid sporophytic phase and a haploid gametophytic phase. Both the phases
alternate with each other. The flowering plants, as we see them from outside are the sporophytes
which bear reproductive structures in flowers. The flower performs very important role in the life
cycle of Angiosperms as various steps of sexual reproduction occur in such structures.

2.2 STEPS IN SEXUAL REPRODUCTION :
2.2.1 Development that leads to formation of haploid male gametes :
1. Formation of microsporangia in the anther of stamen.

2.  Formation of haploid microspores called microsporogenesis which involves
meiosis in the microspore mother cells developed within the anther. The haploid
microspore or pollen grain is the first cell of the male gametophyte.

3. Pollination - The microspores once released from the anther are dispersed in
various ways to reach the stigma of the carpel.

4. Development of male gametophyte in the pollengrain that produces two male
gametes (sperms).

2.2.2 Development that leads to formation of haploid female gamete :
1. Development of ovule (megasporangium) and female gametophyte within it.

2. Formation of megaspores (megasporogensis) within the female gametophyte
(Embryo sac). The haploid megaspore is the first cell of the female gametophyte.

3. Development of female gamete into embryo sac with formation of egg apparatus,
secondary or definite nuclei and antipodal cells.
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Fig. 2.1 : Life-Cycle of an Angiospermic plant
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2.2.3 Fertilization :

The fusion of the two haploid gametes, i.e. one male gamete and the female gamete
results in the formation of diploid zygote. By this way the sporophytic phase is restored. By this,
the angiosperms exhibit the phenomenon of double fertilization to form the zygotes. The second
male gamete fuses with definite nuclei and forms endosperm. This is called triple fusion.

2.2.4 Development of embryo (Embryogeny) and Endosperm :

Zygote develops into an embryo. Formation of endosperm is due to triple fusion
(secondary nucleus - 2 nuclei + one male nucleous). Endosperm provides nutrition to the
developing embryo.

2.2.5 Development of seed and fruit

The ovule devlops into the seed and the ovary develops in to the fuit. Therefore while
studying various embryological processes (steps of sexual reproduction) it is essential to acquire
familiarity with the organisation of the flower.

2.3 THE STRUCTURE OF THE FLOWER (Fig. 2.2) :

The flower is the branch of the shoot (stem) specially modified for sexual reproduction.
Plant morphologists regard flower as a shoot of determinate growth with highly condensed or
supressed internodes in between nodes and the leaves. It is also specialized variously to suit
the functions of different floral organs. During floral initiation, the shoot apex gets transformed
into a floral apex of the flower which is formed during onset of reprodctive phase of growth of
the plant. The flower may occur singly or as a part of an inflorescence. During floral initiation,
the apex of the flowering axis develops floral whorls in acropetal succession. The floral axis
bearing floral organs is known as the receptacle. Since there is no significant elongagation of
the internodes on the receptacle, the various floral whorls differentiate close to each other in a
flower.

Typically, a flower has four sets of appendages or floral parts, arranged in whorls called
floral whorls such as; Calyx (outermost whorl), Corolla, Androecium and Gynoecium
(innermost whorl). The calyx and corolla whorls also called accessory whorls consist of sterile
appendages called sepals and petals respectively. The sepals and petals differ in form, size
and other characters. But in some families, particularly monocotyledons, they are alike and
collectively called perianth. The calyx, corolla (or perianth) do not take part in sexual reproduction,
thus represent the non-essential parts of the flower. But they are protective in function and
attract insects etc. during pollination. The androecium and gynoecium both are called essential
whorls which bear the sexual reproductive organs in angiosperms. The individual members
(organs) constituting androecium whorl are called the stamens or the male sex organs. Similarly,
the carpels constituting the gynoecium whorl are the female sex organs.

Flowers exhibit a great variation in size, colour, shape and insertion of various floral
whorls. The flower of Duckweed, (Wolffia microscopica) has a size of 0.1 mm across and is the
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smallest flower among the angiosperms. The flower of certain species of Rafflesia (a root
parasite found in forests of Malaysia) is the largest known flower measuring a diameter upto
one meter. The colour of flower is mostly due to the colour of petals and ranges from dead white
through ivory, yellow, orange, red, violet and blue. The flowers exhibit nearly the whole range of
visible spectrum of colours.

A flower is regarded as complete if it has all the floral whorls. If any one whorl is absent
it is called an incomplete flower. An incomplete flower is said to the perfect (bisexual or
hermaphrodite) when both the androecium (bearing male sex organs) and gynoecium (bearing
female sex organs) are present. A flower is said to be imperfect (or unisexual) when either of
the two sexes are missing.

Fig. 2.2 : Dianthus caryophyllus. A. Flowering twig. B. Longitudinal-half of a flower to show its various
parts. C, D. Anthers with a part of the filament; C. dorsal view, and D. ventral view. E. Carpels; the ovaries
of both the carpels are fused completely whereas the styles and stigmas are free. F, G. Longitudinal
(F) and transverse (G) sections of the ovary. The ovules are borne on a central axis, the placenta.
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In unisexual flowers, if carpels are absent, it is called a male flower or Staminate flower
and when stamens are absent the flower is female or pistillate flower. Sometimes, both the
essential whorls are absent in a flower which is known as neuter.

Aplant may have both male and female flowers borne separately (e.g. Maize, Cucurbita).
It is called monoecious. When male and female flowers are present in different plants, such
plants are called dioecious (e.g. Papaya, Mulberry, Date palm, Coccinia). When both perfect
and imperfect flowers are borne on the same plant, they are called polygamous (e.g. Mango,
Marigold).

In spite of limitless variations seen among the flowers, their basic organization (structure)
is uniform.

2.3.1 The Structure of a Perfect Flower :

The stalk of the flower through which it is connected to the main plantis called a pedicel.
The leaf-like structure(s) bearing a flower in it's axil is called a bract. Similar foliar (leaf-like)
structure present at the summit or anywhere of the pedicel below the receptacle of the flower is
called a bracteole. The swollen part of the flowering (floral) axis at which all floral parts such as;
Calyx, Corolla, Androecium and Gynoecium are attached is called the receptacle. (Figs. 2.1,
2.2)

2.3.1.1 Calyx :

This is the outermost whorl of flower i.e. the lowermost whorl on the receptacle. The
individual members (apendages) of calyx is called a sepal. The sepals may be united
(gamosepalous) or free (polysepalous) and are generally green in colour or inconsipicuously
coloured. Sepals are usually leaf-like (foliaceous) in texture and primarily serve to protect the
flowering bud. They usually fall off soon after the flower opens or sometimes are persistent
(e.g. Brinjal). When sepals look like a petal (petaloid) they attract the insects for pollination (e.g.
Clematis). Green sepals perform photosynthetic function. Sepals sometimes form a spur which
stores nectar. They may help in seed dispersal such as in fruits of some members of Asteraceae.

2.3.1.2 Corolla:

Inner to the calyx, lies the corolla whorl of the flower. The corolla whorl arises in the
receptacle from a node just above that of calyx. The individual members (appendages) of
corolla are called petals. The flowers owe their charm mostly to the bright and gorgeous colours
and attractive forms of corolla. Corolla with free petals is called polypetalous and that with
united or fused petals called gamopetalous. This character has been used in the system of
classification of flowering plants by Bentham and Hooker (1862-1833). All dicotyledonous
flowering plants in this system are further classfied into three groups, such as; (i) Gamopetalae
(plants with gamopetalous Corolla), (ii) Polypetalae (with Polypetalous Corolla) and (iii)
monochlamydeae (plants lacking a corolla)
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When these sterile appendages of a flower are not clearly distinguishable into Calyx
and Corolla as in Monochlamydeae (as above) they are collectively called a perianth and the
individual members of it are knwon as tepals. The corolla or the perianth protect the young
reproductive structures in bud condition and also help in pollination by attracting insects through
their attractive colours and curious forms.

2.3.1.3 Androecium :

Androecium whorl is located inner to the corolla and its individual members (appendages)
are called stamens. These are the male reproductive organs. A stamen typically consists by a
long stalk-like sterile filament to which usually a fertile bilobed anther is attached at its distal
end. Each of the anther lobes typically has two microsporangia or pollen sacs which contain
microspores or pollen grains. The tissue that joins filament with the anther lobes is called
connective. So each anther typically has two another lobes and four microsporangia. (Fig. 2.2
C,D &2.3).

2.3.1.4 Gynoecium :

Inner to the Androecium whorl lies the gynoecium which is the female reproductive
apparatus (organs) in a flower. The individual members constituting the gynoecium whorl are
called carpels. As arule, Carpels are borne laterally on the receptacle. Atypical Carpel comprises
of a basal swollen ovary with a terminal stigma held on stalk like structure called style.

Aflower having a single carpal is called simple or monocarpellary (e.g. fabaceae). When
more number of carpels constitute the gynoecium whorl it is termed as compound or
multicepellary. The multicarpellary gynoecium may be apocarpous with totally free carpels
(e.g. Clematis) or syncarpous with united (fused) carpels forming a compound gynoecium.
Syncarpous condition is seen in most of the angiosperms, (such as; Mustard, Hibiscus, Datura
etc.). Based on number carpels formed in the gynoecium a flower may be monocarpellary
(single carpel), bicarpellary (with two carpels e.g. Allium), tetracarpellary (with four carpels,
e.g. Datura, Berberis), Pentacarpellary with five carpels, (e.g. Melia, Hibiscus) and
multicarpellary with more than five carpels (e.g. Papaver).

The ovary contains ovules which are enclosed within the ovary wall and hence the
name angiosperms. The portion of the carpellary tissue to which ovules are attached is called
the placenta (Fig. 2.2). The mode of distribution of ovlues inside the ovary is called placentation.

The elaborate description of the structure of the flower is in Volume-I of this book (Bureau’s
Higher Secondary (+2) Biology, Vol-I, 2016, Pages 163-181). The terminologies relating to a
flower have great value in understanding the development of embryological processes in
angiosperms.
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Main reproductive structures associated with a noraml flower are given below :

Flower - A reproductive structure

Stamen - Male sex organ

Carpel - Female sex organ

Anther - Develops microsporangia (pollen sacs)
Ovule of ovary - Develops megasporangium

Pollen grain - Develops into male gametophyte
Embryosac within ovule - Female gametophyte

Sperm - Male gamete

Egg - Female gamete

24 DEVELOPMENT OF MALE GAMETOPHYTE :

To study the development of male
gametophyte, one must start with the stamen
and followed by structure of anther,
microsporangia, microsporogenesis and
microspores or pollen grains. The microspore
develops into a male gametophyte.

2.4.1 The stamen :

As stated earlier , the stamen is the
male reproductive organ and consists of the
lower sterile, long, narrow stalk-like filament
and upper fertile part, the broader knob-like
anther (Fig. 2.3). The anther and filamentare | Fig. 2.3: Stamen. A. Ventral view, B. Drosal view,
connected by a connective. C.T.S. of Anther (Enlarged)

2.4.2 Structure of Anther :

The anther shows great variety in form but externally it is typically two lobed, called
anther lobes. Each lobe contains two longitudinally running chambers or pollen sacs. Each
pollen sac represents a microsporangium which contains several haploid microspores or pllen
grains. Therefore an anther generally contains four microsporangia. (Figs. 2.3, 2.4)

2.4.3 Formation of Microsporangia (Pollen sacs) :

Young anther is a homogenous mass or meristematic cells surrounded by an epidermis
(Fig. 2.5). Groups of hypodermal cells in each of the four corners of it, become distinguished
from the surrounding cells by their larger size, dense cytoplasm and prominent nuclei. The
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Fig. 2.4 : T.S. anther, showing stomium and pollen grain

Fig. 2.5 : A-F. Development of microsporangium : A-E Successive stages of the
development of microsporangium; F. A mature pollen sac in a transerve section.
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conspicuous cells which are arranged in plate-like or crescent-shaped vertical rows form the
archesporium of anther. The rows of archesporial cells may vary from one to few in different
species. The archesporial cells enlarge radially and divide periclinally to form outer primary
parietal cells and inner primary sporogenous cells (Fig. 2.5, 2.6). The primary parietal cells
undergo repeated periclinal and anticlinal divisions giving rise to 3-5 concentric layers of cells
which eventually form the wall layer of the anther, (anther wall). The primary sporogenous cells
may directly function as microspore mother cells (MMC) or undergo several mitotic divisions
and finally each of them function as MMC (Fig. 2.5 E).

Fig. 2.6 : Transverse section of a mature anther.

Thus, at four corners of the anther, four microsporangia are formed. Each
microsporangium consists of 3-5 layered anther wall which surrounds the core of microspore
mother cells (Fig. 2.5). The anther wall is made up of (i) one layered outermost epidermis,
(ii) single layer of endothecium (sub-epidermal layer), (iii) middle layers and (iv) tapetum. (Fig.
2.6). The cells of endothecium are radially elongated, may be U-shaped or ring shaped and
they attain the maximum growth when pollen grains mature. They help in dehiscence of
anthers.The middle layers lie inner to endothecium. Cells of middle layers are ephemeral and
degenerate completely before microspore mother cells undergo meiosis. They store food
materials in some taxa. The innermost of wall layers having larger and centripetally extended
cells is the tapetum which surrounds the microspore mother cells (Fig. 2.7). Tapetal cells may
be multinucleate and provide nutrition to the sporogenous cells and ultimately to the developing
microspores. Thus the developing microspores consume products of middle layers and tapetum.
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Fig. 2.7 : Dimorphic tapetum in Alectra thomsonii

2.4.4 Microsporogenesis :

The sporogenous cells as stated above function as microspore mother cells, which are
polygonal in shape and closely packed. As the anther enlarges the pollen sacs (microsporangia)
become spacious i.e. getloosely arranged. A few microspore mother cells become non-functional
and are finally absorbed by the developing microspores.

Each viable or functional microspore mother cell undergoes meiotic cell division and
forms four haploid microspores. This process of formation of microspores from the microspore
mother cell through meiosis is known as microsporogenesis. (Fig. 2.8)

After microsporognesis, the mature anther dehisces by means of slits. Once the slit
(opening) is made the microspores come out of the anther.

2.45 The Microspore or Pollen grain :

Typically, the microspore or pollen grain is a haploid and unicellular body with a single
nucleus. The mature microspore or pollen grain may be oval, ellipsoidal, triangular, lobed or
even crescent shaped. The microspore has a well defined two-layered wall, consisting of outer
thick exine and inner thin intine. The intine surrounds the cytoplasm. The outer exine may
have spines, ridges or furrows which may vary in different species. So the exine is either
sculptured or smooth. The exine is chiefly composed of sporopollenin, a substance considered
to be the oxidative polymer of carotenoids or carotenoid esters. Sporopollenin is a tough
substance providing resistance to physical, chemical and biological decomposition and checks
natural decay of pollen grains. In insect pollinated pollen grains, the exine is covered by a
yellowish viscous and sticky substance called pollenkitt which emits smell. The definite function
of pollenkitt is not known but it is believed that it helps in attracting insects and protects the
pollen from ultraviolet radiation.
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Fig. 2.8 : A-E. Simultaneous division of cytoplasm in microspore mother cell.

The intine is composed of pectin and
cellulose. Intine is usually thicker near the
germ pores and at these points also contain
enzymatic proteins. Cytoplasm below the
intine contains dictyosomes, mitochondria,
endoplasmic reticulum, rich starch contents
and unsaturated oils. Pollen grains are
densely cytoplasmic as long as they are in
tetrad condition. Later on when they become
free from tetrad condition, their cytoplasm
become considerably enlarged and highly
vacuolated.

At certain places, the exine remains
thin. These areas are called germ pores
through (one germ pore) which the intine
protrudes outside and forms the pollen tube
(Fig. 2.10)

Fig. 2.9 : Structure of pollen grain.
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Study of pollen grains is known as palynology. The pollen grain on further development
forms a male gametophyte.

2.4.6 Formation of Male Gametophyte :

1.

Pre-pollination development : The development of male gameophyte is more
or less uniform in angiosperms (flowering plants). It may start in pollen grains
while still within the microsporangium or pollen sac (precocious germination). Before
the cell division, the nucleus of microspore migrates from the centre to periphery
and many vacuoles appear in between the nucleus and the wall of the microspore.
The microspore undergoes only two mitotic divisions. The first mitotic division
leads to the formation of a bigger vegetative cell (also called tube cell) and a
smaller generative cell (Fig. 2.9). There is no distinct cell wall between these two
cells. Both the cells are bound by the cell membrane only. A temporary callose
wall is laid down between vegetative and generative cells (2.10). The callose wall
(plug) spreads between generative cell and intine to finally pinch the generative

Fig. 2.10 : Successive stages of development of Male Gametophyte and
callose plugs in developing pollen tube
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cell off. The callose wall then dissolves and the generative cell (bound by membrane
only) lies freely in the cytoplasm. The cytoplasm of the generative cell is almost
hyaline and does not contain much of stored food. The texture of generative cell
is relatively uniform. It may be elliptical, lenticular or even spindle shaped (Figs.
2.9, 2.10). The elongated form of generative cell however facilitates it's passage
through pollen tube.

The larger vegetative cell contains various stored food such as; fat, starch
and some protein granules. Now the microspore contains two cells such as
vegetative cell and generative cell (Fig. 2.10B). It is usually at its two celled stage,
the microspores are liberated from the microsporangia of the anther. Upto this
stage, the development of male gametophyte is said to be under pre-pollination
stage.

Fig. 2.11 : A-B. Gynoecium: A. External view, B. Transverse section of ovary.

2. Post-pollination development :

When the microspores or pollen grains fall on the stigma of the pistil, post-pollination
changes occur. The pollen grains absorb water and nutrients available on the
stigmatic surface. The intine of the pollen grain protrudes out through one of the
germ pores and a pollen tube is formed. The pollen tube pierces the stigmatic
surface and moves down through the style of the pistil (Figs. 2.11, 2.27). Now, in
the generative cell, the nucleus divides mitotically to form two male nuclei which
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become surrounded by a thin cytoplasmic sheath and appear as distinct non-
motile male gametes. Since there is no cell wall in the male gametes, they may be
called naked. The nucleus of the generative cell, migrates to pollen tube (Fig.
2.10D). Formation of male gametes may also occur prior to formation of pllen
tube. This three-celled male gametophyte remains viable for a short time. As the
pollen tube elongates, the distal part bcomes highly vacuolated and becomes
separated from the anterior part containing the three nuclei, by formation of callose
plug (Fig. 2.10E).

The male gametophyte in flowering plants is a highly reduced structure.

2.5 DEVELOPMENT OF THE FEMALE GAMETOPHYTE :

To study the development of the female gametophyte one must be thoroughly acquainted
with structure of the ovary and ovule.

Fig. 2.12 : Ovule : Structure (Anatropous Ovule).
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2.5.1 The Ovary and Ovule :

The gynoecium consists of one to many carpels (Fig. 2.11). A typical pistil (carpel)
consists of a basal portion called ovary, a stalk (or style) and the terminal receptive disc (the
stigma) (Fig. 2.11A). The ovary may contain a single or may ovules arranged in specific
placentation. Similarly if more than one carpel is present in the syncarpous ovary, the ovary
may contain a number of locules (chamber), usually corresponding to number of carpels. (Fig.
2.11B). The ovule after fertilization develops into a seed, ovary finally develops into a fruit.

The ovule is the megasporangium. The ovlue is attached to the placenta (Fig. 2.11).
The placenta is a ridge of tissue (a parenchymatous mass) in the inner wall of the ovary to
which the ovules are attached. The mode of arrangement of ovules along the placenta in the
cavity of the ovary is known as placentation (axile, parietal, free central etc.)

2.5.2 Structure of Ovule :

Each ovule in a flowering (angiospormic) plant has the following structure. The ovule is
attached to the placenta by a slender stalk called funicle or funiculus (Fig. 2.12). This point of
attachment of the body of the ovule to its stalk (funiculus) is known as hilum. In an inverted
(anatropous) ovule. The part of funiculus remains attached beyond the hilum alongside of the

Fig. 2.13: A-F. Various types of ovules : A. Orthotropous, B. Anatropous,
C. Campylotropous, D. Hemi-anatropous, E. Amphitropous, F. Circinotropous.
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body of the ovule forming a sort of ridge called raphe. The main body (swollen portion) of the
ovule consists of a mass of thin walled parenchymatous cells forming a central body, called
nucellus, The nucellus is surrounded and protected by one or two multicellular coats (or sheaths)
called integuments. The ovules with one integument are called unitegmic (e.g compositae)
and with two integuments are known as bitegmic. Majority of anigosperms have bitegmic
ovules.

The small opening in the integumentary sheath at apex region of ovule where the tip of
nucellus remains exposed is called a micropyle. The basal part of the ovule where the nucellus,
integuments and funiculus merge is called the chalaza (Fig. 2.12). Depending upon the relative
position of micropyle and chalaza at maturity of ovules, different types of ovules have been
reported in angiosperms, such as (i) orthotropous (upright or erect ovule), (ii) anatropous (inverted
ovule), (iii) campylotropous, (iv) hemianatropous, (v) amphitropous and (vi) circinotropous
(Fig. 2.13).

2.5.3 Development of the ovule :

The ovule primordium arises on the placenta as a hemispherical projection or a
parenchymatous mound (Fig. 2.14A). Periclinal division followed by anticlinal divisions in the
very young protruberence (projection) results in enlargment of the same. There is an early
differentiation of the archesporial cell
which becomes conspicious due to their
larger size and dense cell contents (Fig.
2.14B). Differentiation of archesporial
cells (archesporium) is followed by
initiation of the inner and outer
integuments (Fig. 2.14 C, D). Integuments
arise as a complete ring, right below the
nucellus and grows upwards to cover the
whole nucellus except at the micropylar
opening at the tip region. The central part
of the ovule inner to the integument is a
parenchymatous mass of cells which
becomes differentiated in due course of
time to a mature nucellus containing a
female gametophyte or embryo sac (Fig.
2.12).

Thus the mature ovule consists of
outermost shealths, the integuments and
the nucellus which encloses an embryo
sac (the female gametophyte) (Fig. 2.12).

Fig. 2.14 : A-D. Successive stages in the
development of ovule.




Sexua Reproduction in Flowering Plants 1 29

2.5.4 Megasporogenesis :

The mucellus towards the micropylar end, differentiates a hypodermal cell into an
archesporial initial. This archesporial initial divides periclinally to form outer primary parietal
cell and inner primary sporogenous cell.

The primary sporogenous cell forms the megaspore mother cell (Fig. 2.14 B-D) which
undergoes meiotic cell division to form four haploid megaspores. (Fig. 2.15 A). The formation
of megaspores from the megaspore mother cells is known as megasporogenesis. Out of four
megaspores in a linear tetrad, usually the upper three megaspore degenerate and the lower
most megaspore (the chalzal one) enlarges to become functional megaspore (Figs. 2.15, 2.16 A).
Thus the megaspore mother cell is the last cell of the female sporophytic (2n) or diploid
generation. Similarly the haploid (n), functional megaspore represents the first cell of the female
gametophytic generation.

This functional megaspore organises to form a female gametophyte or embryo sac.
(Fig. 2.16)

Fig. 2.15 : A-C. Megaspore tetrads : A. Linear tetrad, B. T-shaped tetrad, C. Tetrahedral tetrad

2.5.5 Organization of the female gametophyte (Embryo Sac) :

The functional megaspore grows in size and many small vacuoles appear in its cytoplasm.
The vacuoles, later on, join together to form a large vacuole. The nucleus of the megaspore
undergoes three mitotic divisions to form eight nuclei. Generally four nuclei are seen at micropylar
end (pole) and the other four, seen at the chalzal region (pole) of the enlarged megaspore.
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This enlarged megaspore organises itself to form an embryo sac. It has been observed
that the separation of nuclei and presense of four nuclei at each pole is due to enlargement of
the central vauole which pushes the nuclei towards the opposite poles of the embryo sac
(Fig. 2.16 C-D).

Fig. 2.16 : A-E. Successive stages of the embryo sac development.
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The most common type of embryo sac is eight nucleate embryosac developing from a
single megaspore. Itis found in about 81% of flowering plants. Since this embryo sac develops
from a single megaspore it is called monosporic type of embryo sac or (Polygonum type),
which is described below.

Out of four nuclei, one nucleus from each group at
a pole migrates to the centre of embryo sac. These two
nuclei which have migrated to center are called polar
nuclei. Two polar nuclei fuse to form a definitive nucleus.
The three nuclei left at the chalazal pole are surrounded
by walls and are called antipodals or antipodal cells. Again,
out of three nuclei located at micropylar pole (or micropylar
end) are organised to form the egg apparatus consisting
of one egg (or oosphere) and two synergids (Fig. 2.17).
The egg is the female gamete. The egg hangs between
the synergids. The embryo sac is the female gamete
bearing part or the female gametophyte (Figs. 2.16 E, 2.17).
The egg (the female gamete) on fertilization with a male
gamete forms a zygote which develop into an embryo.
The synergids help the passage of pollen tube bearing two
male gametes. Pollen tube passes through the synergids
to effect fertilization. One male gamete fertilizes the female Fig. 2.17 : Mature Embryo sac.
gamete (egg) called syngamy and the other male gamete
fuses with the two polar nuclei (secondary nucleus) in the center of embryosac, forming the
primary endosperm cell. Primary endosperm cell or the endosperm mother cell grows into an
endosperm which provides nutrition to the growing embryo (Figs. 2.16, 2.17).

The antipodal cells sooner or or later get disorganised.

2.6 POLLINATION :

When pollen grains are shed from the anther they are disseminated by means of various
agencies. Some pollen grains may be by one means or the another, finally reach the stigma of
a pistil, either of the same or another flower of same plant or another.

Therefore the process of transfer of pollen grains from anthers to the stigma is called
pollination. The process of pollination ends when the pollen grain has reached the stigma.

2.6.1 Types of pollination :

The two broad categories of pollination are self pollination and cross pollination. The
transfer of pollen grains from an anther to the stigma of the same flower or to a flower on the
same plant is known as self pollination or autogamy. On the contrary, the transfer of pollen
grains from anther of the flower to the stigma of a flower of another plant is called cross
pollination or allogamy.
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Pollination may also be divided into three types basing on the source of the pollens.
They are (i) Autogamy (ii) Geitonogamy (iii) Xenogamy.

(i)  Autogamy - Here the source of the pollen to fill on stigma is the same flower.

(i) Geitonogamy - When transfer of pollen grains takes place between two flowers
borne by the same plantit is called geitonogamy. It is functionally a cross pollination
but genetically a self pollination.

(i)  Xenogamy - In this process, the transference of pollen grains between two different
(separated) plants of the same species. Here pollination causes transference of
genetically different types of pollen grains of a plant to the stigma of another
plant.

2.6.2 Self Pollination :

Self pollination (as defined above) can take place in bisexual flowers in which both male
and female sex organs mature at the same time. Self pollination can also occur in unisexual
flowers (male and female) of the same plant (monoecious condition) when their sex organs
mature at the same time.

The process of self pollination can be classified into the flowering two types.
1. Autogamy :

Autogamy means pollination of a flower by its own pollens. So it is the transfer of pollen
grains from anther of a flower to the stigma of the same flower. Naturally autogamy is possible
in bisexual plants only (e.g. Tea, Wheat, Rice etc.).

2. Geitonogamy :

This type of pollination is the transfer of pollen grains from the anther of a flower to the
stigma of another flower borne on the same plant. In otherwords, this is a type of self pollination
that occurs between two different flowers present on the same plant. Here, only one plant is
involved. The flowers may be bisexual or unisexual borne by the same plant.

2.6.2.1 Contrivances (Adaptations) of self pollination :
There are certain adaptations or devices in the flowers to effect the self pollination.

1. Homogamy : It takes place in bisexual flowers in which both the anther and
stigma mature at the same time (e.g. Mirabilis, Potato, Wheat, Rice etc).

2. Dichogamy : In many bisexual flowers, when the anthers and stigma mature at
different times, it is known as dichogamy. Normally, it favours cross pollination.
But, if cross pollination fails, the stigmas move back and touch the anthers to
activate self pollination (e.g. Sun flower). In the flowers of Ixora, and Vinca, the
sessile anther may lie at the mouth of narrow corolla tube, that may brush against
stigma of the same flower. This results in self pollination.



Sexua Reproduction in Flowering Plants

Cleistogamy : The bisexual flowers which
never open are called cleistogamous or closed
flowers. In this case, pollen grains have to be
pollinated on the stigma of the same flower,
so that self pollination is obligatory. Such
flowers are very small, not coloured and do
not emit any smell. Cleistogamy is seen in
the underground flowers of Commelina
benghalensis (Fig. 2.18). It is also seen in
the case of Impatiens, Oxalis, Portulaca etc.
On the other hand, flowers which open and
expose their reproductive organs to pollinating
agents are called chasmogamous.
Commelina benghalensis has both
cleistogamous and chasmogamous flowers.

2.6.2.2 Advantages of self pollination :

1.

3.

Fertilization and production of the progeny are
always certain by this method.

It maintains purity of race and superiority of
the variety.

Here there is less wastage of pollens.

2.6.2.3 Disdvantages :

1.
2.

Fig. 2.18 : Chasmogamous and
cleistogamous flowers in
Commenlina benghalensis.
a- normal chamogamous flower;
b- underground cleistogamous
flowers.

It leads to loss of viability and vigour of the plant in the long run.

If lethal genes become homozygous, the effect may be disastrous.

2.6.3 Cross pollination :

Cross pollination is also called allogamy. It is the transference of pollen grains from
anther of one flower to stigma of flower on another plant of the same or allied species. Cross
pollination within a species (different variety) is called xenogamy. Since it occurs between two
different strains of the plant, it yields hybrids. It is effected by external agents which carry the
pollens of one flower to the stigma of another flower. These flowers are borne by two seperate
plants of the same or allied species. It occurs in both dioecious and monoecious species. But
dioecious species are necessarily cross pollinated.

2.6.3.1 Contrivances (adaptations) of cross pollination :

There are various adaptations for the process of cross pollination. In unisexual and
bisexual flowers, certain devices are present for effective cross pollination and avoiding self
pollination. Some of these devices of cross pollination are as follows.
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1. Dicliny or unisexuality - Here, the flowers are unisexual, borne either in a monoecious
plant (bearing male and female flowers in the same plant) or in a dioecious plant (male
and female flowers are borne in two separate plants). In monoecious plants although
cross pollination takes place by several agents, geitonogamy may occur. Some of the
such monoecious plants are Cucurbita, Ricinus, Zea etc. In dioecious plants, cross
pollination is the rule. The examples are Piper, Cannabis, Morus etc.

2. Self sterility - It is the condition when a flower cannot be pollinated by the pollen grains
of the same flower or from any flower of the same plant. It is found that stigma of some
orchids wither away if the pollen grains from the same flower are deposited on it. Many
species of Solanaceae (Solanum, Nicotiana) and tea plant are self sterile and are cross
pollinated.

3. Dichogamy - It is found in bisexual flowers where stamens and carpels mature at
different times, hence, the self pollination is prevented naturally. There are two conditions
for dichogamy. When the gynoecium matures earlier than the anthers, the stigma receives
the pollen grains from another flower. This condition is known as protogyny. Common
examples of protogynous flowers are Anona, Polyalthia, Magnolia, Michelia etc. The
other condition of dichogamy is protandry where the anther matures earlier than the
stigma. Here self pollination is naturally impossible. Hence, the pollen grains are carried
over to the respective stigma of another flower in which gynoecium is matured. It occurs
in Hibiscus, Gossypium, Helianthus, Tagetes, Coriandrum etc. Under above conditions,
geitonogamy or xenogamy can only occur.

4. Herkogamy - In some bisexual flowers, there are certain adaptations of floral parts like
anthers and style which act as barriers to self pollination. Here autogamy is mechanically
impossible (Fig. 2.19), and thereby, favouring cross pollination. In many cruciferous
and caryophyllaceous plants, the style is much longer and the stigma is exerted far

Fig. 2.19 : Trimorphism in flower of Lythrum salicaria. Three types of flowers show pistils and stamens of
three different heights. Pollination usually takes place between organs of the same height.
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beyond the stamens, preventing pollens to reach the stigma. In flowers of Gloriosa, the
anthers are extrose-(facing outwards) and dehisce at a distance, Thus discouraging
self pollination. The peculiar arrangement of stamens and pistils in Salvia achieve cross
pollination only by insects. (Fig. 2.20)

5. Heteromorphism - Plants may have two (dimorphic), three (trimorphic) or different
forms of flowers, based on the position of anthers and stigmas at differnt levels. Such
heteromorphous flowers may have heterostyly (styles of different length) or heteroanthy
(different types of anthers). One form has short stamens and long style while the other
has long stamens and short style (e.g. Primula, Lythrum) (Fig 2.19).

In this case, one with short style will be cross pollinated by pollens from lower anthers
and vice versa by insects having the capacity to enter in to particular depth of the flower.
Dimorphism is observed in Jasminum, Linum etc. Some species of Oxalis, Linum, Lathyrus
exhibit trimorphism, which show three types of flowers at three different positions of anthers
and stigmas. It results in cross pollination only (Fig. 2.19).

2.6.3.2 Agents and types of Cross pollination :

Cross pollination is brought about by external agents, as it involves two separate plants
of the same or closely allied species. These agents can be categorized (Table-2.1) as biotic
agents (insects, birds, bats, snail etc.) and abiotic agents (wind, water).

Fig. 2.20 : A-D. Structure of Ficus carica inflorescence : A. Longitudinal section of inflorescence.
B. Staminate flowers, C. Long styled pistillate flower, D. Abortive (short-styled) pistillate flower.
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Table - 2.1
Pollinating agents for cross pollination
Category Agent Type of cross pollination
Biotic Agents Insect Entomophily
Animals Zoophyly
(Birds (Ornithophilly
Bats Cheiropteriphily
Snails) Malacophily)
Abiotic Agents Air Anemophily
Water Hydrophily
1. Entomophily

Insect pollinated plants are entomophilous. In these cases, the flower attracts the insects

in a variety of ways and the sticky pollens easily adhere to the body or body parts of the insects.
Similarly, the stigma is also sticky to receive the pollen grains. The flowers develop the following
adaptations to attract the insects.

(i)

Conspicuous and coloured flowers

Here the petals of corolla are large sized, irregular and beautifully shaped to attract

insects. Bracts, sepals or even stamens become coloured in some plants, (e.g. Mussaenda,
Bougainvillea, Musa).

(if)

(iii)

(iv)

(v)

(vi)

Nectar - Nectary glands secrete the nectar which attract the bees. Nectar provides
nutrition to these insects, (e.g. Oranges).

Scent - Flowers that open during nights emit good scent which attract many nocturnal
insects, (e.g. Nyctanthes, Cestrum). Flowers with offensive smell and nauseating to
human beings attract swarm of carrion flies (e.g. mature inflorescence of Amorphophallus,
Rafflesia and some aroids)

Edible sap - There are certain plants which do not have nectaries to attract insects.
Edible sap secreted by such plants attracts insects. (e.g. Some Orchids).

Edible pollens - Wax on the pollen is utilized to build the honeycomb and pollen may
be required to nourish the young insects, (e.g. Papaver, Rosa, Clematis).

Special mechanisms

(a) In the case of Bignonia, if it has not been pollinated, the stigma gets exposed
again by opening the flap closed by insect visit.
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Fig. 2.21: A-D. Insect pollination in Salvia: A Structure of flower, B. Diagrammatic presentation of changes
taking place in the position of anther lobes during the entry of insect in the flower, C. Entry of insect in the
flower (note the dusting of pollen grains on the back of the insect), D. Insect entering another flower and
the pollens on its backdate beingjcollected by stigma.

(b)

(©)

(d)

In dense, capitulum type of infloerscence, the inconspicuous, small individual
flowers become attractive when grouped together so that these are visited by
insects, (e.g. Helianthus, Tridax, Tagetes).

In hypanthodium inflorescence, the insects enter through the ostiole and bring
about pollination. (Fig. 2.20) Here the infloresence is a closed one and open to
outside by a pore called ostiole. The receptacle is hollow with three types of flowers.
Near the ostiole the flowers are male. The middle portion flowers are female with
long styles. The lowest at base of cavity are sterile female flowers. The insect
enters through the ostiole passes through anthers of male flowers and reaches
upto the female flowers on the middle part of inforescence. So the pollen grains
are carried by the insect and passes onto the stigma of the female flowers (Fig.
2.20) .

A peculiar type of adaptation is seen in the case of Salvia (Fig. 2.21) where there
is occurrence of a bilabiate corolla with two epipetalous stamens. The bilobed
anther of each stamen is widely separated by the elongated curved connective



which swings freely on the filament.
Out of the bilobed anther, the upper
lobe is fertile and the lower one is
sterile. The lower sterile lobe of
anthers receive the insect which
enters the bilipped corolla tube.
During this event, the connective
swings down, so that the upper fertile
lobe comes down, and strikes the
back of the insect and dusts it with
pollen grains. The flower is
protandrous. So, when the stigma
matures it bends down and touches
the back of the insect covered with
pollen grains and bring about
pollination. This type of adaptation is
called ballistics.

2. Zoophily :
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Fig. 2.22 : A humming bird collecting nector
form Bignonia capreolata flowers, thereby
pollinating them. (After Bates).

Animals act as useful agents of pollination. Birds, squirrels, bats, snails and other animals
take part in pollination. Based on the type of animals involved, the zoophily is classified into
different types.

(@)

(b)

(©)

Ornithophily - Several birds such as tiny humming birds, the honey thrushes
feed on the nectar of the flowers and pollinate. Birds like crows also help in
pollination. (e.g. Bignonia) (Fig. 2.22), Bombax, Erythrina and Callistemon also

show this type of pollination.

Cheiropteriphily - In this type of pollination, the flowers are pollinated by bats.
They visit the flowers to collect nectar during which pollination occurs, (eg.

Anthocephalus, Bombax etc.).

Malacophily - Snails and slugs help in this type of pollination. Chrysanthemum,

Lemna are some of the examples.

3. Anemophily :

In this case, plants are pollinated by wind. The flowers are inconspicuous and small.
They are never coloured and showy. They neither emit any odour nor secrete any nectar to
attract the insects. However, the pollens are produced in enormous numbers. For example, a
Cannabis flower produces approxmately 5 lakh pollen grains. They are light and dry. Such
pollens are easily carried away by wind and transferred to the stigmas. The occurrence of
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branched bushy stigma and comparatively larger
protruding stigma in grasses, bamboos, cereals,
millets, sugarcane and other such plants help wind
pollination. In Zea mays (Fig. 2.23), the male flowers
are borne in a terminal panicle of spikelets. A few
female spadices are borne, each in a axil of leaf
surrounded by spathes. The style consists of long
and silky threads. These are seen to hang in tufts
from the spadix. When the anthers burst a cloud of
pollen grains, these float in air, close round the plant.
Some of these floating pollen grains are received
by protruding stigmas which bring about pollination
(Fig. 2.23).

4, Hydrophily :

This type of pollination takes place in aquatic
plants. Water is the medium for transfer of pollen
grains. Particularly, the submerged plants are
adapted for this type of pollination (e.g. Naja,
Vallisneria, Hydrilla etc.) There are two possibilities,
either pollination takes place completely under water
or it takes place on the water surface. In the former
case, itis known as hypohydrogamous (e.g. Najas)
while in the latter, it is known as epihydrogamous.
(e.g. Vallisneria, Hydrilla). In Vallisneria, the plant
grows in mud (Fig. 2.24). It is dioecious and
leaves are strap-shaped. The male plant bears
flowers in small spadix surrounded by spathe.
These are short stalked and borne low down
amongst radical leaves. The female flowers are
borne singly on long wiry stalks enabling the
flowers to float on water when mature. The
individual male flowers get detached and float
freely in large numbers on the water surface.
These flowers open on the water surface
exposing two stamens vertically. The male
flowers cluster around the female flower. As
anthers burst and the sticky pollen grains get
attached to the stigma.
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Fig. 2.23 : Maize-an anemophilous plant.

Fig. 2.24 : Vallisneria spiralis showing
free-floating male flower.
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2.6.3.3 Advantages of cross pollination :
(1) This always results in much healthier offsprings.
(2) The offsprings produced in this method are better adapted ones.
(3) As aresult of the cross pollination, hybrids are produced.

(4) More abundant and viable seeds are produced which store greater quantities of
food material.

(5) The process eliminates defective characters and is helpful in production of new
varieties.

2.6.3.4 Disadvantages of Cross Pollination :

(1) This is wasteful process, as large number of pollen grains get damaged in the
course of pollination.

(2) The chance of fertilization is limited here since it can be effected only if the pollen
reaches the matured stigma.

2.7 OUTBREEDING DEVICES :

Pollination (as described in previous pages) is the process of transferring pollen grains
from anther to stigma of the pistil. Pollination can be either cross pollination or self pollination.
Majority of flowering plants are bisexual or hermaphrodite which commonly promote self
pollination. But self pollination always is not desirable. Successive series of self pollination
affects the progeny negatively and causes inbreeding depression. This results in formation of
homozygous genes. Therefore nature has provided certain adaptations or devices to promote
cross pollination in order to produce healthy progeny. This is known as outbreeding. Outbreading
is a phenomenon where individuals within a species will tend to breed with others who are
neither close relatives nor distant genetic relations but a middle ground of both. The devices or
factors which encourage outbreeding are briefly presented below (More descriptions made in
previous pages)

2.7.1 Unisexual flowers (Dicliny) :
Nature has created unisexual flowers which contain only one sex either male or female.

So cross pollination is the only choice. Therefore formation of unisexual flowers or dicliny is one
of the outbreeding devices.

2.7.2 Non-synchronisation (Dichogamy) :

Timing is important for successful pollination. Release of pollen grains from anther and
receptibility of stigma should happen simultaneously. Sometimes pollen grains in a hermaphrodite
flower mature and get released before stigma is open which leads to loss of pollen vitality or
vice-versa. This phenomenon i.e. dicliny includes two processes such as protandry (anthers
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mature earlier than carpels) and protogyny (carpels mature much earlier than it's anthers). So
dichogamy is an outbreeding device in which cross pollination is the only method to develop
seeds.

2.7.3 Heterostyly and Herkogamy :

In heterostyly due to great disparity in length of style and stigma, effective self pollination
is not possible. In herkogamy, the homogenous flowers adapt certain devices in which only
cross pollination is possible.

2.7.4 Self Incompatibility :

Incompatibility is the inability of certain gametes even from genetically similar plant
species to fuse with each other. Here, even though pollination takes place, it cannot proceed to
fertilization due to failure of the pollen tube growth. This is also known as intraspecific
incompatibility, self sterility or self incompatibility, which has been reported in nearly 66 families
of flowering plants.

Self incompability within a flower (or plant) may be due to prevention of some physiological
and morphological mechanism. Itinvolves very complex mechanisms associated with interactions
of pollen and stigmatic tissues. Self incompatibility helps to prevent self pollination.

If the incompatibility is due to genotype of the sporophyte (e.g. stigamtic tissue), it is
termed as sporophytic incompatibility. On the other hand if incompability is due to the genotype
of the pollen, it is termed as gametophytic incompability. Self incompability usually develops
with maturation of stigma. It may also be due to preventing of pollen germination, retardation of
pollen tube growth, deorientation of pollen tube or even failure of nuclear fusion. Incompatibility
is controlled by genes with multiple alleles.

In self incompatible fruit trees, it is necessary to plant two cross compatible varieties to
ensure good results. Self incompatibility may be used in hybrid seed production.

2.8 POLLEN-PISTIL INTERACTIONS :

A special character of sexual reproduction in flowering plants is the interaction of pollen
grain (the male gametophyte) with massive sporophytic tissue of pistil particularly stigma and
style, before discharging the male gametes near the egg (female gamete) inside the embryo
sac. All pollinations do not lead to a successful fertilization of male and female gametes. For
successful fertilization, the stigma of the pistil has to recognise the pollen of the same species.
Once a compatible pollen is recognised and accepted by the stigma, then the various subsequent
events for fertilization will proceed. In this recognition process (pollen-stigma), the incompatible
pollens are rejected by the stigma.
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Pollen-pistil interaction is a long

term (prolonged) interaction of pollen
grains and pistil resulting in a successful
fertilization. The chain of events of pollen-
pistil interaction proceed as follows :

° Landing of pollen on the
stigma which recognises its
compatible pollen.

° Germination of pollen and
formation of pollen tube
where the pollen releases its
contents (Fig. 2.25)

° Pollen tube growth through
style of the pistil towards
ovary and then into ovule
(Fig. 2.27).

° Entry of pollen tube
containing male gametes
into the embryo sac of ovule
and then to the synergid.
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papilla —

Fig. 2.25 : Germination of pollen
grains on the stigma.

2.8.1 Salient features of pollen-pistil interactions :

1.

Sexually reproducing organisms have the ability to recognise and select suitable gametes
for fertilization. The function of recongnition and acceptance of making partners in
flowering plants starts with pollen-pistil interactions. Female gametes produce chemicals

to attract male gametes.

In flowering plants the pollen grains
(microspores) do not have direct
access to reach the female gamete
(egg). The female gamete is deep
seated in the embryo sac of ovule
in the nucellus. The nucellus in turn
is covered by the ovule inside the
ovary of the pistil. The pollen tube
has to push through the stigma,
style, ovary, ovule, nucellus and
egg apparatus (synergids) to reach
the female gamete. (Figs. 2.26,
2.27)

Fig. 2.26 : Entry of pollen tube into the ovule:
A. Porogamy, B. Chalazogamy, C. Mesogary.
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3. The pistil is adequately equipped with devices to allow the pollen of only right mating
type to function normally, others are discarded. The stigma receives variety of air borne
or insect-carried pollens, even also from other species, but only the compatible and
right types are chosen to participate in the competition to effect fertilization.

4, The pollen-stigma interaction determines the germination of pollen grains on the stigma.
The stigmatic surface recognises the specific compatible pollens and allows them to
hydrate and finally the recognised pollens germinate. In self-incompatible plants, some
factors on exine of their pollen grains may produce rejection response on stigmatic
surface.

5. The stigma plays an important role in germination of pollen grain. The stigma has a
number of adaptations to achieve this. The stigmatic surface secretes fluid containing
liquids, gums, sugar and resins. The main function of the stigmatic secretion is to protect
the pollen as well as stigma from dessication. In Brassica (Mustard), the pollen grains
stick to the stigmatic papillae present on it’s surface. Cytochemical studies have shown
the presence of many hydrophilic proteins and hydrolytic enzymes (acid phosphatase,
ribonclease, esterage etc.) in the papillae of stigma. The hydrophilic proteins keep the
stigmatic surface moist. The stigmatic popillae collapse after pollination and form watery
substances by degenration of their
cytoplasm which also facilitates
pollen germination. On landing the
stigmatic surface, only the
compatible pollens start
germination. Pollens absorb liquid
from the wet surface of stigma,
expand in size, their intines
protrude through the germ pores
and the pollen tubes are
developed.

6. Germination of pollen grain also
depends upon their longevity i.e.
the duration for which they remain | Nucellus
viable. Pollen grains are viable for
only 3 minutes in Reseda, 5
minutes in Zea mays 30 minutes
in rice, 2 hours in Beta vulgaris 15
days in in Prunas, 56 days in
Primula and so on. Only viable

pollen grains, if find a suitable | Fig.2.27: Longitudinal section of gynoecium showing
stigma can germinate. growth of pollen tube from towards embryo sac.
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The ungerminated pollens contain free ribosomes, but pollens start absorbing water
from the stigmatic surface, get hydrated polyribosome assembly. The hydrated pollen
shows high ratio of rRNA and tRNA. The enzymes required for pollen germination and
pollen tube growth are produced at this time. Enzymes like alkaline phosphatase
ribonuclease, esterase and amylase are present just below the germ pores of the pollen
and help in pollen germination. Cutinase enzyme is present in pollen tube and dissolves
the cutins present on the cuticle of the stigmatic surface at the point of contact. Cutinase
also degrades the cuticle layer of stylar canals during pushing of the pollen tube through
the style.

The pollen tubes after passing through the style always grow in the direction of the
ovary and finally to the ovule of the pistil (Fig. 2.27). The unidirectional path of pollen
tubes in the pistil is guided by hydrotropic and chemotropic secretion of the ovules.

Usually a single pollen tube is formed from a pollen grain (called monosiphonous).
More than one pollen tubes (called polysiphonous) may be formed (e.g. cucurbitaceae,
malvaceae) but only one pollen tube which carries male gametes grows upto the ovule
and other tubes degenerate.

On reaching the ovary of the pistil the pollen tube grows towards one of the ovules it
may enter into the ovule through the microphyle (called porogamy), chalaza (called
chalazogamy) or through the integument (called mesogamy) (Fig. 2.26).

Irrespective of the place of entry into the ovule the pollen tube always enters the embryo
sac through the micropylar region (Fig. 2.26). The pollen tube enters the embryo sac via
one of the following routes; (i) between egg cell and one of the synergids, (ii) between
wall of the embryo sac and one or both the synergids, (iii) between two synergids or (iv)
directly penetrates one of the synergids.

When pollen tube finally reaches the vicinity of the egg, it discharges its two male
gametes. Usually one male gamete fuses with the egg and other male gamete fuses
with the definitive (2 polar nuclei) nucleus. This phenomenon is called double fertilization
and triple fusion.

Due to pollen-pistil interaction, intense or tough competition develops in between the
pollens as well as the male gametes for fertilization. This intense competition is
responsible for success of reproduction of angiosperms over other plants.

FERTILIZATION :

The fusion of two sexual reproductive units such as male and female gametes is called

fertilization. Here in Angiosperms, this process was discovered by Strasburger in 1884. It begins
with pollination and completed with fusion of male and female gametes within the embryo sac
present in the ovule.
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2.9.1 Double fertilization and triple fusion :

In angiosperms, fertilization occurs in the embryo sac. So, the compatible pollen grains
received by the stigma (Fig. 2.25) have to germinate, produce pollen tube and carry the male
gamete to the egg cell. The growth of the pollen tube is stimulated by sugary substances
secreted by the stigma. A mass of cytoplasm accumulates at the tip of the pollen tube, which
also contains the male nuclei. The tube nucleus gets disorganized sooner or later while the
pollen tube runs down through the style to finally reach the ovule (Fig. 2.26). There are different
ways of entry of the pollen tubes into the embryo sac. Generally It reaches near the embryo sac
by penetrating the nucellus through the micropyle or the chalaza.

One of the two male gametes (n) fuses with the egg of the egg apparatus of embryo sac
and female a diploid zygote (2n). The process is called syngamy or true fertilization (Fig. 2.27).
The other male gamete (n) through triple fusion (fusion of three nuclei) fuses with the definitive
nucleus or secondary nucleus (2n) formed out of fusion of each two pollar nuclei and results
usually in the formation of a triploid primary endosperm nucleus (3n). As there are two separate
fusions taking place within the embryo sac by the two male gametes, the process is called
double fertilization and triple fusion, one with the egg and other is with the definitive or secondary
nucleus. As soon as fertilization is over, the cells other than the fusion products (zygote and
primary endosperm nucleus) of embryo sac gets disintegrated. Antipodal cells disappear even
before fertilization, since they probably have no function in the process. The process of double
fertilization was first discovered by S.G. Nawaschin (1897) in Lilium and Fritillaria.

The time involved between pollination and fertilization varies among different plants.
Generally, it is between few hours to a few days, but in some cases, it may take even many
months. It depends on the rate of growth of the pollen tube.

Although many pollen grains are deposited on the stigma and some produce germ
tubes, only one pollen tube becomes effective to reach the egg apparatus of the embryo sac
prior to others. Other pollen tubes dry up and become nonfunctional (Figs. 2.25, 2.27).

2.10 POST FERTILIZATION EVENTS :

The withering and shedding of corolla usually indicate that fertilization has been
completed. As a result of fusion between one of the two male gametes and egg cell a zygote is
formed, which later develops into an embryo. The fusion product of the other male gamete with
definitive nucleus (resulted from triple fusion) is the primary endosperm cell, which is the first
cell of the endosperm. During post-fertilization period, the embryo and the endosperm are seen
to develop simultaneously. The ovule containing the embryo is transformed into the seed while
the ovary becomes a fruit.
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2.10.1 Development of endosperm :

Endosperm is the nutritive tissue formed as a result of triple fusion i.e. fusion of three
haploid nuclei in the embryo sac of the angiosperms. Endosperm is generally triploid in nature,
meant for nourishment of the growing embryo. Endosperm formation starts prior to embryo
formation with degeneration of the nucellar tissue. Based on the mode of development, there
are three types of endosperms; (i) Nuclear (ii) Cellular and (iii) Helobial (Fig. 2.28 - 2.31).

1. Nuclear endosperm : Primary
endosperm nucleus divides repeatedly
to form a large number of free nuclei
(Fig. 2.28 A-E). No cell plate formation
takes place at this early stage. A central
vacuole appears later. It is followed by
cell plate formation which is centripetal.
Hence, in a mature ovule a multicellular
endosperm is formed (Fig. 2.28). The
process of cell plate formation may not
be complete as in the case of coconut.
Its peripheral portion has outer oily
multicellular solid endosperm called
coconut meat and inner free nuclear,
degenerated multinucleate liquid Fig. 2.28':'|\'|uclear endosperm : A, B, C- Free
endosperm called coconut milk. nuclear division; D, E- Vacuolation.

2. Cellular endosperm : Here wall formation occurs immediately after the first division of
the primary endosperm nucleus. Subsequent divisions also are accompanied by cell
plate formation. As a result, the endosperm becomes cellular from the beginning (e.g.
Balsam, Petunia) (Fig. 2.29). Cellular endosperm is found in 25% of famillies of
angiosperms.

3. Helobial endosperm : In the primary endosperm nucleus, wall formation takes place
following the first division. However, inside each of these two newly formed cells, free
nuclear divisions occur. But finally, the endosperm becomes cellular following the pattern
of development of nuclear endosperms (Fig. 2.30). Hence, helobial endosperm is the
combination of cellular and nuclear endosperms. The helobial endosperm is found in
19% of families of angiosperms.

Endosperms formed may remain in the seeds or it may be fully consumed by the
developing embryo. In the later case, the food is generally stored in the cotyledons of mature
seed. These are called exalbuminous or non-endospermic seeds. (e.g. Ground nut, Mustard,
Sun flower).
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Fig. 2.29 : A-D. Successive stages of the development of cellular endosperm.

In albuminous or endospermic seeds,
endosperm persists in the seed along with mature
embryo. Here the cotyledons are thin, papery and
have very less or no nutritive function, (e.g. Cotton,
Castor, Papaya).

Endosperm formation is totally absent in
the seeds of members of family Orchidaceae and
Podostemonaceae. Endosperm is usually non-
green, hard, containing cellulose in Ivory palm,
Coffee, Black pepper; oily substances in coconut;
castor, cotton; starch in cereals and proteins in
aleurone layer in cereal grains (maize).

2.10.1 Development of the Embryo :

After fertilization, the fertilized egg within
the embryo sac is called zygote or oospore. The
zygote develops into the embryo. The process of
development of embryos is called embryogeny.

Fig. 2.30: Successive stages of Development
of Helobial Endosperm.
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The embryo has the potentiality to form a seed and later on to a complete plant. After fertilization,
the zygote takes rest for a period that varies greatly in different species from a few hours to
several weeks. Generally, there are no fundamental differences in the early stages of development
of dicotyledonous and monocotyledonous embryos. They differ only in ther later stages of
development (Figs. 2.31 and 2.33).

2.10.2.1 Development of Dictyledonous Embryos :

The embryogeny of Capsella bursa-pastoris, (family Cruciferae) has been extensively
studied and considered as a typical representative of dicotyledonous embryo development or
embryogeny. Here the embryogenetic (developmental) pattern is classified as crucifer type or
onagrad type, out of five categories described in embryological literature. It is very
comprehensively described as follows :

1. The zygote divides transversely and produces two cells; an apical (or terminal) cell
(ca) and a basal cell (cb). The basal cell (also called hypobasal cell) lies close to the
micropyle while the apical cell lies on the inner side, being directed towards the chalaza
(Fig. 2.31 AB).

2. The basal cell (cb) divides by a transverse wall to form two cells (cm, ci) (Fig. 2.31 D).
The apical cell (ca) divides longitudinally, resulting in formation of four-celled proembryo
which assumes the shape of a reverse ‘T’ (exactly looking like ‘ | " in Fig. 2.31 E).

3. The first formation of two cells by the first longitudinal division of terminal cell is followed
by another longitudinal division at right angles to the first and thus a quardrant (4 cells)
is formed out of the terminal cell (ca). Again each cell of the quardant divides by transverse
wall form a 8-celled octant. (Fig. 2.31).

4, Of the octant, the lower four cells directed towards chalaza finally form the epicotyl apex
or stem tip and the cotyledons. The other four cells of octant directed towards micropyle
form the hypocotyl the tip of which develop into root (radicle) of the embryo. All the eight
cells of the octant undergo periclinal division, differentiating an outer dermatogen layer
and inner core of cells. The dermatogen cell devide anticlinally along with growth of the
embryo, eventually to form the epldermis of the embryo. The inner core of eight cells
inner to the dermatogen layer, by further divisions differentiate into ground meristem
and procambial system of the hypocotyl and cotyledons. Ground meristem gives rise to
cortex and endodermal layers. The procambial system gives rise to the vasular bundles
(vasculature) and pith of whole embryo.

5. Concomitant with division of apical cell (ca) and its development, the two basal cells
(cm and ci) undergo a number of transverse division giving rise to an eloingated
suspensor of 6 t010 cells (Fig. 2.31 D-N). The proximal cell (v) of this supensor which is
close to the micropyle become swollen, enlarged and vesicular in shape to form a
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Fig. 2.31 : A-N. Successive stages of the development of proembryo in Capsella bursa-pastoris.

haustorium. Haustorium anchors the suspensor alongwith its terminal growing embryo
with the embryo sac and also absorbs nutrition. The suspensor pushes the embryo
proper (proembryo onwards) into the endosperm to enable the growing embryo to receive
nutrition (Fig. 2.29D).

6. The lowermost (distal) cell of the suspensor contiguous with the distal part of embryo
proper (octant and its products) functions as hypophysis (h) (Fig. 2.31 K, L, M, N). The
hypophysis cell divides to form a group of eight cells arranged in two tires of cells. The
lower tier (proximal group) of cells towards suspensor give rise to root cap and epidemis
the other tier of four cells (distal group) form initials to give rise to root cortex (Fig.
2.31N, 2.32 A-D).
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10.

In the begining of embryo
development starting from octant
stage, the embryo has a globular
shape hence called a globular embryo
(Fig. 2.31 I-K). As growth proceeds the
globular embryo become heart-
shaped (cordate) with initiation of
cotyledons (primordial cotyledons)
(Fig. 2.31, 2.32A). The embryonal axis
above the level of origin of two
cotyledonary primoridia grows to
develop the plumule with epicotyl apex
(future shoot apex) at it's apex. The
axis of the embryo below the level of
cotyledons is known as hypocotyl. The
tip of hypocotyl towards the suspensor
forms the hypocotyl apex (the future
radicle and apex) at its tip.

The embryo during development,
passes through different morphological
forms, such as; (i) Heart-shaped,
(if) Torpedo-shaped and (iii) Mature
embryo (Figs. 2.32 A-D).
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Fig. 2.32 : A-D. Successive stages of the
development of embryo from proembryo in
Capsella bursa-pastoris.

Finally, a mature dicotyletonous embryo while inside the seed, consists of (i) two
colytedons (ii) an embryonal axis below the region of cotyledons upto to root apex
called the hypaocotyl and (iii) the hypocotyl apex (root-apex) (Fig. 2.32D). The plumule
give rise to shoot apex of germinating seed and ultimately the shoot system. Similarly
the radicle gives rise to future root system.

The ovulle develops into the seed and the ovary develops into the fruits.

2.10.2.2 Development of Monoctyledonous Embryo :

As describd earlier, the early development upto globular stage of embryo development
in dicots and monocots is usually similar except some variations. Generally the Sagittaria type
is considered as a typical embryogenetic pattern in monocotyledons. The mature monocot
embryo has only one cotyledon, often called a scutellum. At the lower end the embryonal axis
there is radicle covered by root cap. It is further covered by coleorrhiza. At the upper part of
embryonal axis there is epicotyl apex surrounded by coleoptile (Fig. 2.33).
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Fig. 2.33 : Longitudinal section of the embryo of Triticum vulgare.
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211 SPECIAL MODES OF REPRODUCTION :

The vegetative and sexual methods of reproduction in flowering plants as described
earlier are generally considered normal, they occur in nature. Nature also provides some special
methods of propagation of plants, even, without act of fertilization, such as apomixis,
parthenocarpy and polyembryony.

2.11.1 Apomixis :

In sexual reproduction (or amphimixis), meiosis and syngamy (fusion of male and female
gametes) are two main characteristics. There is formation of haploid gametes (male and female)
through meiosis and union of haploid gametes called syngamy to restore the diploid nature of
sporophytic generation of the plant. The plants performing sexual reproduction with union of
two gametes are called amphimictic plants. The haploid and diploid phases regularly alternate
with each other to maintain the life cycle of the plant. This is known as alternation of generation.

In many plants there are other special asexual processes of reproduction without the
acts of meiosis and syngamy which substitutes the process of sexual reproduction. The
phenomenon of substitution of sexual process by asexual methods is known as apomixis and
the plants which show apomitic methods of reproduction are called apomicts. The term apomixis
(away from mixing) refers to substitution of sexual reproduction by any such method which
does not involve meiosis and syngamy (Winkler, 1908). Even the plants which propagate only
through vegetative reproduction are also regarded as apomictic plants. In simple words, apomixis
is a modified form of reproduction in which seeds are formed without fusion of gametes.

The apomictic plants are not morphologically different from the amphimictic plants. The
amphimictics species under certain cirumstances also show apomixis. Apomixis has been
reported in more than 300 species of angiosperms belonging to 36 families.

2.11.1.1 Types of Apomixis :

According to a broader concept, there are catagories of apomixis, such as vegetative
reproduction and agamospermy.

1. Vegetative Reproduction :

In vegetatives reproduction, new plants develop from parts other than seed. Those
plants are regarded as apomictic where vegetative reproduction has replaced the sexual methods
completely or essentially so. Vegetative propagation includes reproduction by means of bulbils,
runners, suckers and so on which are formed only by the sporophytes. The structural units
employed for this purpose are called propagules.
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2.

Agamospermy :

This is the phenomenon of formation of embryos through asexual reproductive process

without the formation of gametes (by gametogenesis). The plants belonging to this category
possess seeds. Their embryos inside the seed are formed by some process which lacks
involvement of the processes of meiosis and syngamy.

(i)

(ii)

(iii)

Agamospermy is of the following three types.
Recurrent Agamospermy (Recurrent Apomixis; Apospory and Diplospory) :

In this type of agamospermy, a diploid embryo sac is formed either from the diploid
nucellar cells (a phenomenon called apospory, e.g., Citrus, mango, prickly pear etc.) or
from the diploid megaspore mother cell (a phenomenon called diplospory, e.g. Allium,
Iberis, Taraxacum etc.). In such embryo sacs, the egg and all other cells are diploid
(unlike a normal egg that is haploid). The diploid egg develops parthenogenetically
without the act of fertilization into an embryo. It has been observed that stimulus of
pollination is often required for parthenogenesis.

Non-recurrent Agamospermy :

In non-recurrent Agamospermy, the megaspore mother cell divides meiotically and forms
haploid embryo sac. The embryo is formed from such haploid egg (haploid
parthenogenesis) or any other haploid cell of the embryo sac (haploid apogamy) without
fertilization. The plants formed from such embryos are always haploid and are usually
sterile. Haploid parthenogensis is seen in some species of Solanum and Epipactus
latifolia. Haploid parthnogenesis is of considerable value in producing true breeding
homozygous forms. Haploid apogamy (seen in Lilium) in which the synergid develops
into an embryo in addition to normal zygotic embryo.

Adventive Embryony : (Adventive Polyembryony)

Here, the embryos which develop directly from the diploid cells of nucellus or integuments
of the ovule and not from a fertilized egg are called adventive embryos. In such cases,
the embryos formed from fertilized eggs either degenerate or compete with the adventive
embryos. Usually, adventive embryony results in the formation of more than one embryo
in seed (e.g. Citrus). Besides Citrus it is known to occur in members of Myrtacece,
Cactaceac, Orchidaceae and Euphorbiacece. However, like parthenogenesis, stimulus
of pollination is required for the formation of adventive embryos.

2.11.1.2 Importance of Apomixis :

1.

As apomixis does not involve meiosis, there is no scope for segregation and
recombination of genes in the chromosomes. It is only useful for preservation of desirable
characters for indefinite periods. It has no role in evolution of species.
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2. Due to above characteristics, apomixis was once regarded as evolutionary dead end
because the meiotic segregation and recombination on the female side are eliminated.
However now-a-days, apomixis is being regarded as a potential and powerful genetic
factor for use in crop improvement. It is a fact that apomixis is not very common in major
crop plants.

3. Apomictically produced plants are genetically identical to female plants. If apomixis can
be introduced in crop plants it would provide an inexpensive way to perpetuate a given
genotype and simplify commercial hybrid seed production. Plant breeders are making
serious attempts to introduce apomictic reproduction through hybridization of sexually
reproducing plants and apomictic relatives of such plants.

4. Adventive embryony, well known in Citus is used in production of uniform root-stock
and virus free scion material.

2.11.2 Parthenocarpy :

Parthenocarpy is a phenomenon in which there is development of fruit from an unfertilized
egg of the flower, resulting in usually a seedless fruit. Such fruits are called parthenocerpic
fruits. The term parthenocarpy was coined by Noll (1902). Parthenocarpy is widespread in
species which have usually large number of ovules per ovary, (e.g. Banana, Guava, Pineapple,
Tomato, Melons and Figs). Such fruits may or may not be always seedless. When seeds are
formed they are abortive i.e. do not germinate. Parthenocarpic fruits are produced normally in
many cultivated plants such as, banana, citrus, grapes, pine apple and some varieties of apple
and pear. So parthencorpy finds importance in horticulture because seedless fruits are ideal for
consumption.

Parthenocarpic fruits in nature may be produced due to (i) absence of pollination, (ii)
failure of fertilisation or (iii) zygotic sterility.

2.11.2.1 Types of Parthenocorpy :
Nitsch (1963) has recognised three types of parthenocarpy.
1. Genetic Parthenocarpy :

In this type, seedless fruits are formed parthenogenetically due to hybridization or
mutation. The famous seedless novel variety of orange was developed from a normal seed
bearing variety of Citrus through mutation in axillary bud that grew out into a branch bearing
seedless fruits.

2. Environmental Parthencarpy :

Environmental factors such as frost, fog, high temperature, freezing etc. interfere with
functioning of normal reproductive organs and bring about parthenocarpic seedless fruits.
Examples of formation of parthenocarpic fruits are Capsicum by keeping the plants at low



Sexua Reproduction in Flowering Plants 1 55

temperature (6° — 10°C) at the time of anthesis and in pears by placing them at freezing
temperature for 3 — 19 hours.

3. Chemically Induced Parthenocarpy :

Thimann (1934) reported that pollen grains have auxin and other growth regulatory
substances that have stimulating effects on female sex organs. Parthenocarpy has been
successfully induced by spraying flowers with 0.5-1.0% solution of the hormones like Indole
Acetic Acid (IAA) and Napthalene Acetic acid (NAA), gibberellins etc.

Parthenocorpic seedless fruits of “Allahbad round” variety of guava were produced by
simply applying aqueous extracts of pollen grains on the stigma of emasculated flowers.

2.11.2.2 Significance of parthenocarpy :

1. The parthenocarpic fruits are usually seedless and people love to eat this fruits without
any trouble.

2. Parthenocarpic fruits have an increased proportion of edible part than normal fruits.

3. These fruits are of great significance in horticulture as they are very suitable for preparing

jams and juices.
2.11.2.3 Parthenogenosis :

Parthenogenesis (Gr. Parthenos = Virgin and genesis = origin) may be defined as the
development of the female gamete (egg) into a new individual plant without the act of fertilization.
This is a type of apomixis in which the megaspore mother cell undergoes usual meiotic division
to form megaspores which develop the female gametophyte containing female gamete (the
egg). This haploid egg without fertilization develops into an embryo and ultimately forms the
viable seed which germinates to form a plant. But in parthenocarpy, as described earlier, embryos
abort but the seedless fruit is formed. If seeds develop in parthenocarpy, they are abortive and
do not germinate to give rise to a plants. Here, in parthenogenesis, since embryos develop
from haploid egg, usually the haploid homozygous plants are produced. Sometimes, a diploid
egg may be found due to fusion of haploid cells of embryo sac and give rise to a parthenogenetic
diploid plant, the process called as diploid parthenogenesis. Parthenogenesis can also be
artificially induced and has practical application in producing homozygous haploids used
extensively for breeding (crossing) experiments to produce pure haploid plants.

2.11.3 Polyembryony :

The phenomenon of developing more than one embryo inside an ovule or a seed is
known as polyembryony. This phenomenon is very common in Gymnosperms than Angiosperms.
In nature, there are many plants in which polyembryony is observed but in such plants only one
embryo attains full maturity and the rest of the embryos degenerate during course of seed
development.
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2.11.3.1 Types of polyembryony :

Polyembryony can be broadly categorised into two groups.
1. True polyembryony : Many embryos are developed inside a single embryo sac.

2. False polyembryony : Here the ovule carries more than one embryo sac and
emryos develop in each embryo sac.

Fig. 2.34 : A-C. Cleavage polyembryony: A. Embryonic mass formed by the bassal cell of the zygote in

Erythronium americanum, B-C. Differentition of embryos from the cells of the embryonic mass.

2.11.3.2 Origin of Polyembryony :

Based on origin, following types of polyembryony have been recognised.

Cleavage polyembryony : Polyembryony results from the cleavage of either zygote or
earlier stages of development of the embryo (the proembryo), into two or more units
which develop into embryos inside the embryo sac. This is widespread in Gymnosperms.
But among Angiosperms, it is observed in Nicotiana rustica (solanceae), Erythronium
americanum (Liliaceae), Lobelia etc. (Fig. 2.34).

Origin of embryo from cells of embryo sac other than egg : Additional embryos may
develop from synergids (e.g. Argemone mexicana, Phaseolus). The haploid synergids
may be fertilized by sperms from additional pollen tubes or may develop without
fertilization. The antipodal cell may give rise to embryos (e.g. Allium odorum and Ulmus
americana) (Fig. 2.35).

Origin of embryo from additional embryo sacs : In addition to the normal embryo
sac, some additional embryo sacs may develop inside the same ovule. Fertilization of
eggs in these additional embryo sacs may result in formation of extra embryos inside
the same ovule (e.g. Hydrilla, Brinjal, Casuarina).

Origin of embryos in embryo sacs from any sporophytic cell of ovule : The cells of
nucellus (e.g. Citrus, Mango) or integument (e.g. Lymnanthes) of ovule may give rise to
embryos. These embryos developing from nucellus or integument are also known as
adventive embryos (Fig. 2.35.C).
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Fig. 2.35 : A-C. Polyembryony : A. Development of embryo from antipodal cells. B.C. Adventive
pro-embryos developed from the cells of the nucellus (they grow along with the zygotic embryos).

2.11.3.3 Induced Polyembryony :

Polyembryony occurs in nature. But recent in vitro studies indicate that not only ovular
tissue but all living cells of the plant which are totipotent can develop into embryos in tissue
cultures. Such embryos developed through induction, applying tissue culture techniques are
known as somatic embryos, supernumery embryos, adventitious embryos or simply embryoids.
Embryoids are produced from pollen grains inside anthers (called androgenesis) under culture
conditions. Besides pollen grains, somatic cells from roots, apical meristems, stems, leaves,
fruits also develop embryoids under tissue culture conditions. Totipotency and formation of
non-zygotic embryos have been proved in many plants like wheat, paddy, soya bean, apple,
coffee, grapes, mustard, onion etc.

2.11.3.4 Role of Polyembryony in plant breeding and Horticulature :

Adventive polyembryony is of great significans in providing uniform seedings of parental
types. By application of tissue culture techniques, large numbers of such uniform seedings with
desired qualities (like high-yeilding, disease-free etc.) can be produced in definitely much shorter
duration than the normally grown seedings from seeds. Nucellar polyembryony result in virus-
free clones of Citrus varieties in nature. So polyembryony is of great use in plant breeding and
horticulture. Adventive embryos are very useful in morphogenetic studies.

2.12 DEVELOPMENT OF SEED AND FORMATION OF FRUIT :

The seed and fruits have an important development in the success of flowering plants.
Seed and fruit formation is stimulated by the act of fertilization in the ovules located in the ovary
of the flower. The seeds contain the genes of both male and female parents and usually
participation of both the male and female flowers are required to produce a seed. Sometimes



58 1 Bureau’s Higher Secondary, BIOLOGY (Class- XII)

male and female flowers are from the same or separate plants. Sometimes flowers may also be
fertilized by its own pollen. Without being fertilized (in most cases), the ovules will not develop
into seeds. The seed contains the embryo and endosperm, surrounded by the maternally derived
seed coat. The function of the seed is to protect the embryo to sense environmental conditions
favourable to germination and to nourish the germinating seedlings.

The fruits develop from the ovary of the flower. The ovules grow into seeds after
fertilization. Thus fruit development involves differentiation or redifferention of pre-existing organs
(ovules). Evolutionarily floral organs are considered as representative of the modified leaves
and the fruit is also modified leaf. Furits in a plant serve to protect the seeds during development
and then to disperse the seeds after their maturation.

2.12.1 Development of seed : The Basic Structure of Seed :

A ture seed is defined as a fertilized mature ovule that possesses an embryonic plant
(embryo), stored food materials (sometimes absent) and a protective seed coat or coats. A
seed is a developed ovule and also a reproductive unit.

Fig. 2.36 : A. Structures of some seeds, B. False frutis of Apple and Strawberry.
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2.12.1.1 The basic structure of a seed :

The main structural units of a seed are (i) the embryo, (ii) surrounding seed coat and,
(iif) endosperm or stored food materials (if present) in between embryo and seed coat.

1. Embryo : The main components of the embryo are : (Fig. 2.36)

The Cotyledons (also called seed leaves) are attached to the tip of the embryonic
axis. Monocot embryo has a single cotyledon. The dicot embryo has two cotyledons.
Cotyledons are also the source of nutrition in the non-endospermic dicot seeds
which are thick and leathery. In endospernous seeds the cotyledons are thin and

papery.

The epicotyl region is the embryonic axis above the point of attachment of
cotyledons.

The plumule is the tip of the epicotyl which bears the epicotyl apex that produces
young leaf primorida. The pulmule develops into the shoot upon germination of
the seed.

The hypocotyl is the embryonic axis present below the point of attachment of the
cotyledons(s). Th hypocotyl connects the epicotyl and radicle. The hypocotyl is
the stem-root transition zone.

The radicle is lower most tip of the hypocotyl and the tip of the radicle is called
hypocotyl apex that grows into primary root on germination.

In monocotyledonous plants there are two additional structures in the form of sheaths.
The plumule, here is covered with a coleoptile that forms the first leaf while the radicle is covered
with a coleorhiza that connects to the primary root and adventitious roots are formed later from
the sides (Fig. 2.33, 2.36). Here, the hypocotyl is a rudimentary axis between the radicle and
the plumule. In maize or wheat plant, the seeds constructed with pericarp, scutellum (single
large cotyledon that absorbs nutrients from the endosperm) plumule, radicle, coleoptile and
coleorhiza (Fig. 2.33). The last two structures are sheath-like protective structures which enclose
the flumule and radicle respectively (Fig. 2.33, 2.34).

2. The seed coat : The integuments of the ovule turn into seedcoat. The inner integument
forms tegmen and the outer integument forms the testa. The testa of both monocots
and dicots are often marked with patterns and textured markings. In some cases, it may
also have wings (winged seeds) or tufts of hairs. When seed coat is single layered it is
called a testa. The seed coats of some monocots such as grasses, are not distinct
structures but are fused with fruit wall to form a pericarp. If seed coat has a single
integument it is called unitegmic. If two integuments are present, such seed coat is
bitegmic.
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Anatomically the inner integument i.e. the tegmen in a mature seed consists of inner
most fringe layer (Fig. 2.37F) follwed by (towards outer testa) multilayered (9-10) colourless
zone, 4-5 layered inner pigmented zone and a palisade layer of elongated cells. Next to palisade
layer starts the various layer of testa. The testa (the outer seed coat) from innermost to outerside
consists 2-3 layered colourless zone (outer to palisade), outer 2-5 layers of pigmented zone
and the outer most epidermis having hairs (Fig. 2.37 E, F).

3. The food reserves : Usually (not always) there is stored nutrients in between the embryo
and seed coat required for seed germination and initial seeding growth. Endosperm is
the chief source of nutrition. In some mature seeds, endosperm persists as a food
storage tissue, such seeds are called endospermous or albuminous seeds (e.g. castor,
maize, wheat, barly coconut). When endosperm is fully consumed by the growing embryo
in a mature seed, it is called non-endospermic or exalbuminous seed (e.g. Pea, Gram,
Bean etc.) In some mature seeds the residual nucellus (remains of nucellus) persists
after consuming endosperm by embryo (e.g., Black pepper, Coffee, Castor, Cardamom).
This residual nucellus is called perisperm. Endosperm is rich in oil, carbodydrates and
starch. Proteins are also present among other stored food materials.

The funiculus of the ovule on maturity of seed, detaches itself at a fixed point called
abscission zone and a scar is left forming an oval depression called the hilum. The anatropous
ovules have a region where the funiculus is fused to the seedcoat it leaves a longitudinal ridge
called a raphe, located just above the hilum.

2.12.1.2 The Shape Appearance and Size of Seeds :

Seeds have many shapes and appearances, specific to the different species. The shapes
may be reniform (resembling a kidney), lobed, square, oblong, spherical, ovoid, globose, discoid
etc. Similarly, seeds may be coloured (brown, black, red, cream coloured). Common colours
are brown and black. The surface may be rough, polished hairy or winged.

Size of seeds may be dust-like (Orchid seeds) or medium to very large. The largest
seed weighs 23 kg produced by coco de mor (double coconut palm-Lodoicea maldivica) the
fruit of which contains a single seed.

2.12.1.3 Sequence of seed development (Salient features) :

The development of the fertilized ovule into the seed involves several steps. From the
outside to inwards, the development steps are (i) seed coat formation, (ii) storage of food
materials in cotyledons for future use during germination and (iii) maturation of the embryo
inside the seed.
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4.12.1.4 Overall Development Features of Seed Development :

1.

Preparation for developmental arrests : Most of cell divisions are compete at
the early stage of maturation phase of embryo development. But the embryo still
increases in size upto 100 fold by cells expansion. This accompanies a massive
accumulation of storage compounds. Gradually embryo growth is arrested due to
action of growth inhibitors.

Accumulation of storage products : Storage proteins accumulated in the seeds
are important source of amino acids, nitrogen and carbon for the germinating
seedling. Massive accumulation of storage compounds occurs during maturation
phase. These products are very valuable to humans and other animals for food
such as carbohydrates, oils and starch.

But finally the funiculus of seed dries out and gets detached. As a result, the food
and water supply to the seed ceases.

Acquisition of property of desiccation tolerance : Gradually, the moisture
contents of the seed decreases due to desiccation. Seeds dehydrate to almost
5% level of moisture content which forces lethal effects on plant tissue. To overcome
the desiccation process the seed acquires the power of dessication tolerance.
The seed coats become very tough and hard to release any moisture to outside.
The outer surface of seed coat turns from green to brown. The embryos also
express an internal developmental programme that allows them to survive. This
acquisition of desiccation tolerance is a part of seed maturation programme.

Dormacy and viability : Dormacy is a characteristic feature of flowering plants.
Embryos in a dry seed remain in state of inactivity called dormancy. Most of the
seeds undergo dormancy prior to germination. Once dormant phase (period) is
over, the seed germinates. Only the viable seeds germinate. The ability of seeds
to retain the power of germination over a period of time is called viability of the
seeds. Period of viability of seeds differs from generation to generation. When
viability period is over, seeds do not germinate.

2.12.1.5 Significance of seeds (or importance of seeds) :

1.

Dependable method : Unlike cryptogams, the pollination and fertilization of
flowering plants (seed plants) are free from dependency on external water. In
non-seed plants, the embryo once formed as to develop immediately into a
sporophyte. There is no mechanism to store the embryo. But in seed plants, the
embryo gets protection inside the seed and can germinate to form a seeding even
after many months and years. Therefore, formation of seeds as reproductive units
is a more dependable method.
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Fig. 2.37 : Seed-coat development in Gossypium herbaceum. A. Longisection of ovule at the mature embryo sac
state. B. Portions of the outer and inner integuments enlarged from A to show their cellular details. C-E. Portions of
integuments from ovules 2-3, 5-6 and 15 days after pollination, respectively. F. Portion of the mature seed-coat.
G. Alint hair, H. A fuzz hari. (after Pamchandani et al 1965).
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Perennation : Seed is a dry (water content 10-15%) structure with a dormant
embryo and thick protective seed coat. It is most suitable for perennation through
unfavourable periods.

Dispersal : Seeds have adaptive strategies to get dispersed to new habitats and
colonise the same.

Reserve Food : Seeds have reserve food for nourishing the young seedlings till
these become nutritionally independent.

Variations : As seeds are formed through sexual reproduction, they carry a number
of variations. Variations are essential for adaptability to diverse environmental
conditions.

Storage : Seeds can be stored for later (future) use. This is helpful for supply of
food throughout the year and to overcome drought and famine conditions.

Agriculture : Seed is the basis of agriculture. Agriculture originated when humans
learnt to eat, store and sow seeds. Agriculture becomes an easier method of food
procurement due to use of seeds. It becames a turning point for evolution of
human civilization, industrialization and development of modern science and
technology.

Importance for humans : Large number of edible seeds and majority of human
calories come from seeds, especially cereals, legumes and nuts. Seeds also
provide many cooking oils, beverages, spices and many food additives. Seeds
provide may medicines.

2.13 FRUIT DEVELOPMENT IN ANGIOSPERMS :

A fruit (L. fructus-fruit) in common botanical terms is matured ovary or a clusture of
matured ovaries.

2.13.1 Contribution of different flower parts to the fruit :

1.

True and false fruits : Most fruits develop from the ovary. Some authors classify
fruits derived from a single ovary as “true fruits” while “false fruits” are composed
of tissues derived from flower parts other than the ovary or from more than one
ovary.

Modes of fruit development : There are three general modes of fruit development.

(i)  Apocarpous fruits develops from a single flower having one or more seprate
carpels and they are called simple fruits.

(i)  Syncarpous fruits develop from a single gynoecium having two or more
carpels fused together.

(i)  Multiple fruits develop from many different flowers of the same plant.
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Types of fruits (For more details Vol-I of this book may be seen)

(i)  Simple fruits : Simple fruits can be either dry or fleshy and result from simple
or compound ovary (with one or more carpels) in a flower with single pistil,
Dry fruits may be dehiscent or indehiscent (e.g. wheat, coconut, pea, beet,
radish)

(i)  Aggregate fruits : They develop from a single flower that has multiple carpels
(pistils) which are not jointed together, i.e. each pistil contains one carpel.
Each pistil forms a fruitlet and collectively the fruitlets are called eterio (e.g.
Calotropis Annona)

(i)  Multiple fruits : They develop from a cluster (many) of flowers (an
inflorescence). Each flower produces a fruit but these mature into a single
mass (e.g. Pineapple).

2.13.2 The salient features of Fruit Development :

1.

As the ovules develop into seeds, the ovary begins to ripen and the ovary wall
develops into pericarp.

The pericarp can be dry and papery (e.g. Maple, Dandelion), woody (e.g. nuts),
fleshy (e.g. berries-grapes and tomatoes) or stony (called stone fruits as in Cherries
and Peaches)

The variation in pericarp composition reflects adaptations to different dispersal
mechanisms (e.g. wind for papery pericarp) and animal consumption (for fleshy
fruits).

The fruit may develop a single seed (e.g. corn) or many seeds (e.g. Pea pod or
Pumpkin).

Pericarp of some fruits may differentiate to form different specialized layers called
outermost epicarp, middle mesocarp and innermost endocarp. In Citrus, the rind
is the epicarp, the white covering is the mesocarp and juice sacs are the endocarp.

Many fruits we call berries, (such as Rasp berries and Straw berries), are botanically
not classified as berries. Rasp berries are examples of aggregate fruits. Each
juicy little sphere is actually an individual fruit of the same class as Cherries, and
what we consider as the fruit is really an aggregation of fruits.

Straw berries and apples are examples of accessory fruits, where some of the
fleshy tissue is derived from flower parts other than the ovary. Straw berry fruits
are actually the seeds. They are called achenes. The fleshy part that we eat
develops from the receptacle. Most of the fleshy tissue in apples develops from
the thalamus or hypanthium which is a region of the flower where sepals, petals
and stamens are all fused to the ovary. Thus all floral organs contribute to the
fleshy portion of apples.
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Phases of Fruit Development : Fruit development can generally be considered
to occur in four phases: (i) fruit set (whether to abort or to proceed for fruit
development), (ii) a period of rapid cell division, (iii) a cell expansion phase, and
(iv) ripening (maturation).

Fruit ripening : Ripening represents the functions of shift from the protective
function to dispersal of the fruit. Ripening occurs synchronously with seed and
embryo maturation. In dry fruits (cereals, nuts) ripening consists of desiccation
and is considered maturation. Ripening in fleshy fruits is designed to make the
fruit appealing to animals that eat the fruit as a means for seed dispersal. Ripening
involves the softening, increased juice and sweetness, and color changes of the
fruit. Fleshy fruits are either climacteric or non-climacteric. Climacteric fruits produce
a burst in ethylene synthesis, as the fruits ripen. These include fruits with high
degrees of flesh softening, like Tomato, Banana, Avacado, peach etc.

Fruit ripening has been extensively studied in tomato. External application of
ethylene accelerates ripening. The fruit responds to ethylene only during end of
cell expansion phase (mature green phase).

Fruit softening involves a partial breakdown of cell walls and several enzymes are
known to be involved in this process. Polygalacturonase hydrolyses bonds in
pectins of cell walls.

2.13.3 Significane of Fruit Formation :

1.

Protection : Developing fruits protect the developing seeds from mechanical injury,
insects and unfavourable climatic conditions.

Dispersal : Fruits help the seeds in dispersal to distant places.

Food to Animals : Fleshy fruits provide food to animal who also act as dispersal
agents of their seeds. Fleshy fruits generally have hard seeds (e.g., Guava) while
hard shelled fruits have soft seeds (e.g., Almond).

Nutrition to Germinating Seeds : Some fruits provide nutrition to germinating
seeds and developing seedings.

Importance to Humans : Fruits are a source of food, protein, oil, organic acids,
vitamins, minerals and sugars, for human consumption.
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SAMPLE QUESTIONS

GROUP - A
(Objective-type Questions)

Fill in the blanks with correct answers from choices given in the bracket:
()  When gynoecium matures first it is called to effect cross pollination.
(protogyny, protandry, herkogomy, unisexuality)
(i) In Ornithophily, the agents for cross pollination are
(ants, birds, snails rats)
(iiii)  Zygote develops from cell of the embryo sac.
(egg, synergid, antipodal, nucellus)
(iv) Fertilization was discovered by
(Strasburger, Mendel, Nitsch, Bower)
(v) Due to triple fusion, is formed.
(Zygote, Embryo, Endosperm, Zoospore)
(vi) The innermost layer of wall layers is
(Tapetum, Epidermis, Endodermis, Endothecium)
(vii) Straight ovules are called
(Anatropous, Campylotropous, Orthotropous, Hemitropous)
(viii) Contrivance of self pollination is

(Dicliny, Herkogamy, Self sterility, Cleistogamy)

Answer the following question in one word :

()  Androecium and gynocium whorls are present in the same flower.
(i)  Both the essential whorls are absent in a flower.

(i)  Petals are united in a flower.

(iv) Free carpels in a flower.

(v)  Transfer of pollen grains from anther to stigma of the same flower.
(vi) The process in which the male gamete fertilizes with egg.

(vii) Pollination in aquatic plants.

(viii) Fusion of one male gamete with definitive nucleus.
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3.

Correct the sentences in each bit without changing the underlined word/words:

0)

(i)
(iii)
(iv)
)

Anemophilous fowers are pollinated by ants.

Dichogamy is found in bisexual flowers where stamens and carpels mature at same
time.

The ovule is attached to the placenta of ovary by means of nucellus.
Animals acting as agents of pollination is called anemophily.

Polyembryony involves development of one embryo.

Fill in the blanks :

(i)

(i)
(iii)
(iv)
(v)

(vi)
(vii)
(vii)

(ix)
(x)

The cells present on two sides of egg in the egg apparatus are called
The outer wall of the pollen grain is called

The male gametes are formed from cell.

Parthenogenesis mens development of fruits without

The endosperm in which first division is cellular and subsequintal cellular is called
endosperm.

In grafting, the part of the plant detached is called
In self pollination, pollen is transfered to stigma of the flower.

The fertile cells from which microspores or megaspores developed are called
cells.

In maize plant male inflorence is borne at portion of the plant.

The fusion product of male gamete and egg cell in angiosperms form

GROUP - B
(Short Answer-type Questions)

Write note on the following in 2 to 5 valid and relevant points :

()
(ii)
(iii)
(iv)
v)
(i)
(vii)
(vii)

Parthenogenesis
Allogamy
Herkogamy
Geitonogamy
Xenogamy

Self sterility
Entomophily

Embryo sac
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(ix) Embryo

(x)  Micropropagation
(xi)  Polymbryony

(xii) Incompatibility

Differentiate the following with at least three valid and meaningful points:
(i)  Pollination and fertilization

(i)  Dechogamy and herkogamy

(i)  Protogyny and protandry

(iv) Self pollination and cross pollination
(v) Embryo and endosperm

(vi) Gamete and zygote

(vii) Micropyle and chalaza

(viii) Zoophily and anemophily

(ix) Double fertilization and triple fusion
(x) Porogamy and chalazogamy

(xiy Apospory and apogamy

(xii) Moncot and Dicot embryo

(xiii) Nuclear and cellular endosperm

GROUP - C
(Long Answer-type Questions)

Distinguish between self and cross pollination. Describe three conditions that favour cross
pollination.

What is cross pollination ? Give an account of the contrivances of cross pollination.
Describe how different agents help in cross pollination.

Discuss the important outbreading devices for cross pollination.

Describe how double fertilization and triple fusion occur in the angiosperms.

With diagrams, describe the development of male and female gametophytes in
angiosperms.

aaa



CHAPTER

HUMAN REPRODUCTION “

All organisms have two fundamental objectives i.e. to live and produce offsprings for
the continuation of generation. The later part is achieved by the process of reproduction. Hence,
reproduction is an essential feature of all organisms and is the process by which an individual
multiplies in number by producing more individuals of its own type. In animals, it is of two types:
(1) asexual and (2) sexual.

3.1 ASEXUAL REPRODUCTION::

In asexual reproduction, a single parent splits, buds or fragments to give rise to two or
more young ones that have hereditary traits similar to that of the parent. It is mostly found in
lower groups of organisms like some plants protozoa, sponges, coelenterates etc.

3.2 SEXUAL REPRODUCTION: :

Sexual reproduction involves two parents, each contributing a gamete, an egg in the
female and sperm in the male which fuse to form a fertilized egg or zygote in the act of fertilization.
It occurs in almost all types of animals. In some lower grade animals both gametes are produced
by the same individual. These animals are called bisexual or hermaphrodite or monoecious.
But, never the less, self fertilization is prevented by one mechanism or other. Higher grade
animals including human are unisexual or dioecious i.e. the testes and ovary are borne by
separate individuals.

Human is sexually dimorphic. Each individual has either male reproductive system or
female reproductive system. Human reproductive system consists of primary reproductive
organs or gonads (ovaries and testes) which produce gametes and accessory organs (prostate
gland and seminal vesicles in male and fallopian tubes in female), which do not form gametes
but are essential for reproduction. Secondary sexual characters are those which help distinguish
the two sexes morphologically.

Human is viviparous, i.e. the fertilization is internal and the development is internal. It
gives birth to young ones. The reproduction process in human include formation of gametes
(gametogenesis), i.e., sperms in male and ovum in females; transfer of sperms into female
genital tract (insemination) and fusion of sperm and ovum (fertilization) leading to the formation
of zygote of fertilized egg. Itis followed by cleavage and formation of blastocyst. The attachment
of blastocyst to the wall of uterus (implantation), further embryonic development (gestation)
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and finally the delivery of the baby (parturition). All these events occur after puberty and it is
different in male and female as sperm production continues till old age but formation ovum
stops after 45- 50 years of age.

3.3 MALE REPRODUCTIVE SYSTEM (FIG. 3.1) :

The human male reproductive system consists of a pair of testes, enclosed in an
extra-abdominal scrotum; numerous excurrent ducts; and several accessory glands.

3.3.1 Scrotum :

There is a pair of testes, situated outside the abdominal cavity in a scrotum. The
scrotum communicates with the abdominal cavity through ingunal canals. Embryonic testes
are abdominal i.e. lie in the abdominal cavity. They descend into the scrotum during the
gestation period and 90% male babies are born with completely descended testes. Testicular
descent to the inguinal region is effected by the anti mullerian hormone (AMH) and descent
from the inguinal region to the scrotum depends upon other factors. However in 10% of the
new-born males, the testes are retained in the abdominal cavity. In such cases, gonadotrpin

Urinary bladder

Ampulla of ductus

Symphysis pubis deferens

Seminal vesicle

Ductus (vas)

deferens Ejaculatory duct

Prostate

Urethra
Bulbourethral gland

Anus

Penis Ductus (vas)
deferens
- Epididymis
Glans penis
Prepuce Testis
Scrotum

Fig. 3.1: Human male reproductive system (Lateral view).
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treatment or surgery rectifies the defect. This phenomenon of retention of the testes in
the abdominal cavity is known as cryptorchidism (also cryptorchism). In cold weather,
the testes are elevated by the contraction of a band of muscle, known as cremasteric
muscle to get the warmth of the trunk. This effect is known as cremasteric reflex. The
same effect occurs, when the thigh of a man is stroked. In the baby this stimulus
causes the testes to ascend up into the abdominal cavity through the inguinal canal.

The temperature of the testis is 2°-3° C lower than the normal body temperature.
This temperature is vital for spermatogenesis to continue. Perspiration from the scrotal
surface and evaporation maintains the testis at a temperature lower than the body temperature.
This mechanism is supplemented by a special arrangement of the blood vessels that supply
the testis. Testicular arteries that descend into the scrotum are surrounded by a plexus of
veins, which ascend from the testis and form a pampiniform plexus. Blood that returns from
the testis through the pampiniform plexus is cooler than the blood in the testicular arteries.
The arterial blood is cooled by the venous blood by a countercurrent heat-exchange
mechanism.

3.3.2 Testis : Microscopic Anatomy

Each testis is surrounded by a thick connective tissue capsule, called tunica albuginea.
It thickens and extends inwardly into each testis as a mediastinum testis. A thin connective
tissue septum extends from the mediastinum testis and subdivides it into about 250
compartments, called testicular lobules, each containing 1-4 coiled seminiferous tubules
(Fig.3.3). Each seminiferous tubule is lined by stratified cuboidal epithelium containing dividing
spermatogenic cells and large non-dividing somatic cells, called Sertoli or sustentacular
cells [(Fig.3.2(a), (b) & (c)].

The Sertoli cells serve as the supporting and nourishing cells for the spermatogenic
cells in different stages of their differentiation. The basal lamina of the germinal epithelium,
muscle-like myoid cells at the base of the basal lamina and tight junctions between
adjacent Sertoli cells constitute a blood testis barrier. This barrier prevents many
macromolecules from moving it into the tubular lumen. It also prevents the blood-borne
noxious chemical agents from entering into the tubule. It prevents the passage of antigenic
agents from the tubule into the blood, which are likely to generate an autoimmune response.

The seminiferous tubules lie in a mass of loose connective tissue, containing fibroblasts,
muscle-like cells, nerves, blood vessels, lymphatic vessels and epithelial cells. This tissue is
known as the interstitial tissue and the epithelial cells as interstitial cells of Leydig. These
cells secrete male steroid hormones, collectively called androgens. The more important
among the androgens is testosterone.
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3.3.3 Excurrent Ducts (Fig.3.3):

There is a system of ducts, which help convey the mature sperms with the secretions
of the glands to the exterior. The mature sperms pass from the seminiferous tubules to the
rete testis through straight tubules. The rete testis is formed by irregular anastomosing
network of tubules, whose inner lining is formed by squamous to low cuboidal epithelium.
Twelve short tubules, called ductuli efferentes or efferent ductules arise from the rete
testis and form a coiled mass outside the testis, constituting the head of epididymis. All the
efferent ductules join into a singular duct that passes through the middle part of the epididymis,
known as the body of epididymis. This duct enlarges to form the tail of epididymis. This
duct continues further as ductus (vas) deferens, which then opens into the ejaculatory
duct. Shortly before opening into the ejaculatory duct, the ductus deferens dilates as an
ampulla. Each ejaculatory duct receives a ductule from the seminal vesicle. The ejaculatory
ducts enter into the prostate and join to form a single prostatic urethra. This duct receives
small ductules from the prostate. The prostatic urethra then enters into the penis forming a
penile urethra. The prostatic urethra, before entering into the penis, receives two small
ductules, one each from the bulbo-urethral or cowper’s glands.

Fig. 3.3 : Duct system in the human testis

3.3.4 Glands :

The male reproductive system is associated with many accessory glands, whose
secretions mix with the spermatozoa forming a fluid, known as the semen. The glands
consist of a pair of seminal vesicles, a pair of bulbo-urethral (cowper’s) glands and a single
prostate gland.
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3.3.4.1 Seminal vesicle :

There is a pair of seminal vesicles, situated just posterior to the bladder above the
prostate. The duct of each seminal vesicle empties into the ductus deferens at the base of
a dilated terminal part, called ampulla, consequently forming an ejaculatory duct. The seminal
vesicles secrete a yellowish viscous fluid containing fructose, which serves as the
main energy source for the spermatozoa. This fluid accounts for 60% of the volume of
the semen.

3.3.4.2 Prostate :

There is a single prostate gland, just inferior to the bladder. The two ejaculatory ducts
enter into the prostate and join to form a prostatic urethra. The prostatic urethra receives
small ductules from the prostate. The prostate secretes a thin watery fluid, which contains
citric acid, calcium, coagulation proteins, prostate-specific antigens and an enzyme,
fibrinolysin. The coagulation proteins cause the semen to coagulate after ejaculation.
However, fibrinolysin later causes the coagulate to assume a liquid form. The seminal vesicles
and prostrate are androgen dependent glands i.e. they atrophy following the removal of the
testes.

3.3.4.3 Bulbo-urethral (Cowper’s) gland :

There is a pair of small spherical bulbo-urethral glands, whose ductules discharge
into the prostatic urethra. These glands secrete a clear mucous-like fluid that acts as a
lubricant. Its secretion precedes the secretion of the semen.

3.3.5 External Genitalia (Penis) :

The penis is an erectile copulatory organ in human male. The slightly swollen free
end is known as glans penis, which is covered by a loose fold of skin, called prepuce. The

Corpus spongiosum

Fig. 3.4 : Transverse section through the penis showing the erectile tissues and blood vessels.
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prepuce can be made inside out. The penis consists of erectile tissues, comprising of a
paired dorsal corpora cavernosa (singular; cavernosum) and a single ventral corpus
spongiosum (Fig.3.4). The corpus spongiosum extends into the glans penis. The passage
through which the spermatozoa pass through the penis is known as penile urethra, surrounded
by the corpus spongiosum. The corpora cavernosa are surrounded by a thick connective
tissue capsule, called the tunica albuginea. It forms a median septum between the two
corpora cavernosa. The corpus spongiosum is surrounded by a thin tunica albuginea, which
contains smooth and elastic fibers. The blood is drained from the testis by two types of veins:
a superficial dorsal vein and a deep dorsal vein. Similarly, there are two types of paired
arteries supplying blood to the penis: dorsal arteries and deep arteries.

3.3.6 Semen :

The secretions of the male accessory glands, such as seminal vesicles; prostate;
bulbo-urethral glands; and possibly the urethral glands mix with the spermatozoa forming a
fluid, known as the semen. The main constituent of the semen is live spermatozoa present
in an alkaline viscous medium, maintained at a pH range of 7.2-7.8. Another main constituent
is fructose contributed by the seminal vesicles. It is the chief energy source for the
spermatozoa. The semen is forcibly expelled through the urethra, a phenomenon known as
ejaculation. The volume of ejaculate is 1.5-5.0 mL. The normal count of sperm is 40-250
million / mL. Fifty per cent of men with a count between 20 to 40 million / mL and all those
with a count below 20 million / mL are said to be sterile. This low count is known as
oligospermia.

3.4 FEMALE REPRODUCTIVE SYSTEM (Fig. 3.5) :

Human female reproductive system consists of a pair of internal ovaries; a pair of
uterine or fallopian tubes; a single uterus; a cervix and a vagina.

3.4.1 Ovary : Microscopic Anatomy

There is a pair of almond-shaped ovaries, situated in the pelvic cavity. Unlike the
testes, the ovaries are not extra-abdominal. A part of the ovary is attached to the broad
ligament by a peritoneal fold, the mesovarium. Another part is attached to the wall of the
uterus by an ovarian ligament.

Histologically, the ovary consists of a single surface layer of squamous to cuboidal
epithelial cells, constituting the germinal epithelium (Fig.3.6 & 3.8). Inner to this layer is a
mass of dense irregular connective tissue, called tunica albuginea. Internal to the tunica
albuginea is a cortex. Below the cortex is a highly vascularized connective tissue, called
medulla or stroma. There is no distinct boundary between the cortex and medulla.

The female germ cells differentiate as oogonia during the embryonic life. The oogonia
divide by mitosis (equational division) in the multiplication phase and then enter into the
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Fig. 3.5 : Human female reproductive system (Lateral view)

phase of maturation through a phase of growth as primary oocytes. The phase of maturation
consists of two meiotic divisions. The first meiosis is reductional. The primary oocytes are
arrested at the diplotene stage and remain as such until the onset of puberty. A primary
oocyte is surrounded by a single layer of squamous follicle cells. This structure constitutes
a primordial follicle (Fig.3.6).
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Fig. 3.6 : Primordial and primary follicles in the cortex of the ovary.
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The primordial follicles are situated in the cortex. At puberty, the primordial follicles
are stimulated by the pituitary gonadotropins (FSH and LH) to differentiate into several later
stage follicles, such as primary, secondary and mature follicles. As the primordial follicle
grows, the squamous follicular cells change to cuboidal or low columnar. This follicle is
known as primary follicle (Fig. 3.6). The developing oocyte has an eccentric nucleus. The
follicular cells of the primary follicle grow by mitosis and form layers of cuboidal cells called
the granulosa cells. The innermost layer of granulosa cells that surrounds the oocyte is
known as the corona radiata. A glycoprotein protective layer, known as the zona pellucida
appears between the oocyte and corona radiata. Cells from the stroma surround the granulosa
cells and differentiate as the thecal cells. The theca differentiate as an outer theca externa
and an inner theca interna. A thin basement membrane separates the granulosa cells from
the theca interna.

@

Antrum
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Cumulus oophorus

Cytoplasm and nucleus Intercellular
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Fig. 3.7 : Structure of a graafian (mature) follicle. (a) A complete graafian follicle and (b) a part
(inset) is magnified to show the elaborate structure of the egg with the associated follicle cells.
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Fig. 3.8 : A diagrammatic cross section of the human ovary
to show different stages of ovarian follicle development.

The primary follicle grows in size and a fluid, known as liquor folliculi (follicular
liguid) accumulates between the granulosa cells. The fluid accumulates in a cavity, called
antrum. Follicles with antrum are known as antral or secondary follicles.

As more liguor folliculi is synthesized, the antrum grows in volume and the granulosa
cells segregate and some cells surround the oocyte and some others are displaced to the
periphery. The oocyte with its surrounding granulosa cells remains attached to the peripheral
cells by a hillock of granulosa cells. This structure is known as the cumulus oophorus. The
theca interna cells are now surrounded by several layers of theca externa of stromal origin.
This follicle is known as the mature or graafian follicle [Fig. 3.7(a) & (b)]. The arrested first
meiosis is completed shortly before ovulation. Thus the graafian follicle contains a secondary
oocyte. It ruptures and the secondary oocyte is released, which is caught by the fimbrae of
the fallopian tube and then is transported to the uterus.

Following the rupture, the follicle fills with blood forming a corpus haemorrhagicum.
The thecal and granulosa cells proliferate, become glandular and fill the antrum as theca
lutein and granulosa lutein cells, respectively. These cells are collectively called luteal
cells. The luteal cells are the source of estrogens and progesterone. This post-ovulatory
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follicle is known as corpus luteum. Corpus luteum is an endocrine structure that secretes
two steroid hormones, such as estradiol and progesterone and a peptide hormone, called
relaxin. Relaxin helps maintain pregnancy by inhibiting the contraction of smooth muscles
in the myometrium of the uterus. If fertilization occurs and pregnancy follows, the corpus
luteum persists and there is no more menstruation. If there is no pregnancy, the corpus
luteum degenerates into a structure called corpus albicans. In case of fertilization and
pregnancy, the zygote undergoes further embryonic development and implants in the uterine
epithelium (endometrium) through a structure called placenta. The placenta produces sufficient
estrogen and progesterone and takes over the functions of the corpus luteum after the sixth
week of pregnancy.

Most ovarian follicles do not reach to maturity. Only one follicle, termed as the
dominant follicle progresses through the usual process of development and the egg is
ovulated. Others undergo degeneration or atresia at one stage of development or other.
Such degenerating follicles are known as atretic follicles, which are replaced by connective
tissue.

3.4.2 Fallopian (Uterine) Tubes (Fig. 3.9):

A fallopian (uterine) tube extends from the ovary to the uterus. One end of the
fallopian tube opens into the peritoneal cavity near the ovary. The other end opens into the
uterus. It is divided into four segments: infundibulum; ampulla; isthmus; and interstitial

Opening of uterine tube

Fundus

Uterine tube — Body

(Fallopian tube)

— Cervix

Vagina

Fig. 3.9 : Structure of fallopian (uterine) tubes and uterus of human female.
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region. The end, close to the ovary is a funnel shaped infundibulum. The margin of the
infundibulum bears finger-shaped processes, called fimbriae (singular; fimbria). The
infundibulum opens into a wider and longer ampulla. The isthmus is a short and narrow tube,
joining the uterine tube to the uterus. The last part is known as interstitial region. It passes
through the thick uterine wall to open into the uterine cavity.

3.4.3 Uterus (Fig.3.9):

The uterus is a pear-shaped organ with a thick muscular wall. It is divided into three
regions: the body or corpus; fundus; and cervix. The upper rounded part is the fundus.
The body or corpus constitutes the major part of the uterus and the cervix is the terminal
part. It opens into the vagina. The wall of the uterus is composed of three layers: an outer
perimetrium; a middle myometrium; and an inner endometrium. The perimetrium is a
single layer of squamous epithelial cells. The myometrium consists of thick layers of smooth
muscle. The endometrium is the innermost layer and consists of simple cuboidal to columnar
epithelium. The endometrium descends into the lamina propria forming numerous uterine
glands. Functionally, the layer is divided into two layers: the luminal stratum functionalis
and the basal stratum basalis. The stratum functionalis with the uterine glands and blood
vessels is sloughed or cast off during menstruation. The basalis layer regenerates a new
functionalis layer.

The blood supply plays an important role during menstruation. The uterine arteries
supplying blood to the uterus, break up into arcuate arteries. These arteries spread
circumferentially in the myometrium. Straight and spiral arteries from arcuate arteries
supply the endometrium. The straight arteries are short and supply the basalis layer, while
the spiral arteries are long and coiled supplying the functionalis layer. These arteries are very
sensitive to changes in the estrogen and progesterone concentrations during the menstrual
cycle. Blood supply to these vessels decreases and consequently, the functionalis layer
degenerates and cast off.

3.4.4 Vagina (Fig. 3.5, 3.9 & 3.10):

The uterus narrows to form the cervix, which opens into the tubular vagina. There
is a plug of cervical mucous between the vagina and uterus. The structures, namely the
vagina, uterus, and fallopian tubes constitute the accessory sex structures of human
female. The vaginal opening is situated just posterior to the opening of the urethra. Both
openings are covered by longitudinal folds: inner labia minora (singular; labium minorus)
and outer labia majora (singular; labium majorus). An erectile organ, the clitoris is situated
at the anterior margin of the labia minora.
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Fig. 3.10: Frontal view of vagina with its associated structures.

3.4.5 Accessory Glands:

The glands, associated with female reproductive system are known as vestibular glands,
which are of two types.

(i) Lesser vestibular or paraurethral glands or glands of Skene : These are
numerous minute glands present on either side of the urethral orifice; homologous
to male prostate and secrete mucous.

(i)  Greater vestibular or Bartholin’s glands : These are paired glands, situated on
each side of vaginal orifice; homologous to bulbo-urethral or cowper’s gland of
male and secrete viscous fluid that supplements lubrication during sexual
intercourse.

3.5 GAMETOGENESIS :

The process by which the gametes are formed in the gonads of the sexually reproducing
organisms is called gametogenesis. The sexually reproducing organisms contain two types of
cells in their body : somatic cells and germinal cells. The germinal cells in the gonads multiply
by mitosis and meiosis to produce gametes. The male gametes are known as spermatozoa or
sperms and female gametes as ova or eggs. The formation of sperms in the testis is known as
spermatogenesis and that of eggs in the ovary as oogenesis.

3.5.1 Spermatogenesis (Fig. 3.11) :

At puberty, the immature male germ cells, known as spermatogonia start producing
sperms by spermatogenesis. A seminiferous tubule is lined by an epithelium known as germinal
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epithelium. The epithelium consists largely of -
cuboidal cells, known as primodial germ cells and
large columnar somatic cells called Sertoli cells
or sustentacular cells. Spermatogenesis
completes in two steps : (i) formation of
spermatids (spermatocytogenesis) and (ii)
transformatin of immotile spermatids into motile
sperms (spermiogenesis).

3.5.1.1 Formation of Spermatids
(spermatocytogenesis) :

It is completed in three phases :

(i) Multiplication phase : The
undifferentiated primodial germ
cells undergo repeated mitotic cell
divisions that produce large number
of sperm mother cells or
spermatogonia. Each
spermatogonium is diploid and

contains 46 chromosomes. Fig. 3.11: Three phases in spermatogenesis

(i)  Growth phase : Due to repeated
mitosis, the cell size of spermatogonia are reduced. Some of them actively grow
in size by obtaining nourishment from Sertoli cells. These cells are called primary
spermatocytes.

(i)  Maturation phase : The primary spermatocytes periodically undergo meiosis. A
primary spermatocyte completes the first meiotic division (reduction division)
leading to the formation of two equal, haploid cells called secondary
spermatocytes having 23 chromosomes each. Both secondary spermatocytes
undergo second maturation division (equational division) to form four haploid
spermatids.

3.5.1.2 Formation of Spermatozoa (Spermiogenesis) :

Each haploid spermatid is a typical immaotile cell containing a haploid nucleus, cytoplasm
and cytoplasmic organelles. The metamorphosis of spermatids into motile sperms occurs
because a sperm possesses many structures which are not typical to a spermatid. All the
structures confer motility to the sperm. After spermiogenesis, sperm heads are embedded in
the Sertoli cell, and finally released from the seminiferous tubule by the process of spermiation.
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Spermatogenesis starts at the onset of puberty due to significant increase in the secretion
of gonadotropin releasing hormone (GnRH) from the hypothalamus. The increased level of
GnRH then stimulates the anterior pituitary gland to secrete two gonadotropins : LH and FSH.
LH acts on the Leydig dells and stimulates the synthesis and secretion of androgens, which in
turn drive the process of spermatogenesis. FSH acts on the Sertoli cells and stimulates the
secretion of some factors which help in the process of spermiogenesis.

3.5.1.3 Structure of a mature Sperm (Fig. 3.12) :

A mature sperm consists of four parts: head, neck, middle piece and a tail. A plasma
membrane envelops the sperm. The sperm head contains an oval haploid nucleus, the anterior
part of which is capped by structure called acrosome. The acrosome secretes enzymes that
help dissolve the egg barriers during fertilization. The neck harbours a pair of centrioles, a
proximal and a distal, both placed perpendicular to each other. The distal centriole continues
through the middle piece to the tail, where it forms the core (axoneme). The middle piece
contains mitochondria, which provide energy for motility. The tail is made by a bundle of
microtubles in an arrangement, typical to a flagellum (9 peripheral doublets and two central
singlets). This structure confers motility to the sperm. The human male ejaculates about 200 to
300 million sperms during a coitus. For normal fertility at least 60% of the sperms must have
normal shape and size and at least 40% of them must show vigorous motility. Human sperm
servive for 3-4 days in the female reproductive tract.

Fig. 3.12 : Structure of a mature human sperm

3.5.2 Oogenesis (Fig. 3.13) :

It occurs in the ovary. It is completed in the three usual phases like that of
spermatogenesis : multiplication, growth and maturation phases.
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3.5.2.1 Multiplicati h : i
ultiplication phase Oogenesis

Oogenesis is commences during
embryonic developmental stage, when some cells
in the germinal epithelium of the ovary of the fetus
divide by mitosis, producing undifferentiated germ
cells called egg mother cells or oogonia. No
more oogonia are formed after birth. The oogonia
multiply by mitotic divisions, which project in to
the stroma of the ovary as a chord, the egg tube
of pfluger. The egg tube becomes a round mass
called the egg nest. One cell in the egg nest
grows and enters into the prophase-l of the
meiosis and gets temporarily arrested at the
diplotene stage, becoming the primary oocyte.
Other oogonia in the nest form the follicular
epithelium, round the primary oocyte to protect
and nourish it. The structure thus formed is known
as a primary follicle. A large number of these
follicles degenerate during the phase from birth
to puberty. At birth around 2.5 millions of primary
follicles are found in each ovary but at puberty
only 60,000-80,000 primary follicles are left. The Fig. 3.13 : Three phases in oogenesis
rest degenerate, in a process called follicular
atresia. The follicle that is destined to develop further is known as a dominant follicle. The
primary oocyte in the follicle becomes the future ovum after passing through growth and
maturation phases.

3.5.2.2 Growth phase :

This phase is prolonged. It may extend over many years. The primary follicles get
surrounded by more layers of granulosa cells and theca cells to become secondary follicles.
A secondary follicle soon transforms into a tertiary follicle, which is characterized by a fluid filled
cavity called antrum. The theca layer is organized into an inner theca interna and outer theca
externa.

3.5.2.3 Maturation phase:

The primary oocyte undergoes an unequal first meiotic division and results in the
formation of a large haploid secondary oocyte and a tiny first polar body or polocyte. The
secondary oocyte retains bulk of the nutrient-rich cytoplasm of the primary oocyte. In the second
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maturation division the first polar body may further divide or degenerate. The tertiary follicle
further changes into the mature follicle or graafian follicle (Fig. 3.7). The secondary oocyte
forms a new membrane called zona pellucida, surrounding it. The graafian follicle now ruptures
to release the secondary oocyte from the ovary by the process called ovulation. The maturation
of secondary oocyte is completed in the fallopian tube by an unequal second maturation division,
which produces an ootid and a second polar body. The ootid undergoes a few changes and
transforms into a mature ovum or egg, ready to be fertilized. The onset of second maturation
division is triggered by the penetration of a sperm, a process known as egg activation.

3.5.2.4 Structure of Ovum (Fig. 3.14) :

The mature ovum or female gamete is spherical in shape. The human ovum is almost
without yolk and hence is classed as alecithal. Its cytoplasm is called ooplasm containing a
large nucleus termed as germinal vesicle. The nucleus contains a prominent nucleolus. The
cytoplasm is enclosed by a plasma membrane. The membrane forming the surface layer of
ovum is called vitelline membrane. The plasma membrane of the ovum is surrounded by a
thick and noncellular zona pellucida. It is surrounded by a layer or two of follicle or nurse cells

Fig. 3.14 : Structure of a mature human ovum

constituting corona radiata. Zona pellucida is secreted by the ovum itself and is thus, a primary
egg membrane. Corona radiata, on the other hand, is a secondary egg membrane. A narrow
perivitelline space is present between zona pellucida and plasma membrane. The side of the
ovum which forms and extrudes polar bodies is termed as animal pole and the opposite is the
called vegetal pole.
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3.6 MENSTRUAL CYCLE (Fig. 3.15) :

Menstrual cycle is the cyclic changes in the female reproductive tract of primates
(monkeys,apes and human). Menstruation is the bleeding from the uterus of an adult human
female at an interval of one lunar month (28 days). The first menstrual cycle begins at puberty
called menarche in girls at around 10-13 years. It is regulated by hormones of the hypothalamus,
pituitary and ovary. The menstrual cycle consists of three phases :

1. Menstrual phase (3-4 days),

Proliferative phase (10-11 days),

3. Secretory phase or luteal phase (13-14 days).

OVARIAN CYCLE
LH
FSH
Mature
Developing Follicles FSH Fallicle LH
FOLLICULAR PHASE OVULATION LUTEAL PHASE
MENSTRUAL CYCLE
Estrogen
Progesterone
Progesterone
Estrogen
Days
i I " o
Menstruation Proliferative Phase Secretory Phase Menstruation
Fig. 3.15: Correlation among pituitary gonadotropins, estrogen and
progesterone levels; ovarian; and uterine endometrium changes during the menstrual cycle.
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3.6.1 Menstrual phase:

The cycle starts, with a menstrual flow (bleeding), which lasts for 3-4 days. The menstrual
flow results due to breakdown of endometrial lining of the uterus and its blood vessels. The
blood with damaged tissue comes out through the vagina. Menstruation only occurs if the
released secondary oocyte is not fertilized. Absence of menstruation may indicate pregnancy.
The cycle is regulated by LH and progesterone.

3.6.2 Proliferative phase:

The menstrual phase is followed by the proliferative phase or follicular phase. During
this phase, a primary follicle in the ovary grow to become a mature Graafian follicle and
simultaneously the endometrium of the uterus regenerates through proliferation. These changes
in the ovary and uterus are induced by changes in the level of pituitary gonadotrophins (LH and
FSH) and estrogen. During this phase a rising level of FSH stimulates the growth of the ovarian
follicle and secretion of estrogen. When the blood level of estrogen rises to a peak near the
middle of the cycle, it gives positive feedback and stimulates more LH secretion. The LH
stimulates ovulation. It occurs usually on the 14" day or midway during the menstrual cycle
which is called as the ovulatory phase.

3.6.3 Secretory phase:

During this phase the remaining part of the Graafian follicle transforms as a corpus
luteum. The corpus luteum secretes large amount of progesterone which is essential for the
maintenance of endometrium, necessary for implantation of the fertilized egg and other events
of pregnancy. During pregnancy all other events of the menstrual cycle stop and there is no
menstruation. Corpus luteum keeps growing for the first nine days after its formation, if fertilization
does not take place corpus luteum starts regressing and ultimately transforms into a white
body, called corpus albicans. This causes disintegration of the endometrium leading to
menstruation, the beginning of a new cycle.

In human, menstrual cycle ceases around 45-50 years of age, termed as menopause.
Cyclic menstruation is an indicator of normal fertility period in women and extends from menarche
to menopause.

3.7 FERTILIZATION (Fig. 3.16) :

Fertilization is the act of union of a male gamete (spermatozoon or sperm) and a female
gamete (egg or ovum) resulting in the formation of a zygote or fertilized egg. The union leads to
the fusion of two gametic nuclei in a process called amphimixis or syngamy. In human, the
semen is released by the male into the vagina (insemination) through sexual intercourse. The
motile sperms swim rapidly, pass through the cervix, enter into the uterus and finally reach the
ampullary-isthmic junction of the fallopian tube. The secondary oocyte released by the ovary is
also transported to the ampullary-isthmic junction where fertilization takes place. Fertilization
can only occur if the secondary oocyte and sperms are transported simultaneously towards the
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Fig. 3.16 : Embryonic development

junction. The secondary oocyte secretes a chemical substance called fertilizin. The sperm,
too, secretes another chemical substance, anti-fertilizin. The fertilizin and anti-fertilizin of the
same species are complementary and react in a reaction known as agglutination reaction.
This is a mechanism to prevent the progress of large number of sperms towards the egg.

Before fertilization, sperm undergoes capacitation and acrosomal reaction. Acrosomal
reaction involves the release of sperm lysins like (i) hyaluronidase, (ii) corona penetrating
enzyme (CPE) and (iii) zonalysin or acrosin from the acrosome. All these enzymes digest the
corona radiata and zora pellucida and facilitate the march of the sperm to the egg cytoplasm.

A sperm comes in contact with the zona pellucida layer of the secondary oocyte and
induces a depolarization in the membrane that blocks the entry of additional sperms. This is
known as fast block. Within minutes of the fast block, a slow block takes place by cortical
reaction and the formation of a fertilization membrane.

The ovum is released from the ovary at the secondary oocyte stage. Meiosis Il starts
soon after the release, but it is temporarily arrested in metaphase Il because of the release of
MPF (M-phase Promoting Factor). The entry of sperm into the secondary oocyte restarts the
cell cycle by breaking down MPF and turning on the APC (Anaphase Promoting Complex) and
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completes the second meiotic division. The second polar body, thus formed is extruded and the
ovum is ready for fertilization. The nucleus of the ovum now condenses and turns into a female
pronucleus. At the same time the head of the spermatozoon separates off from the middle
piece and tail, and transforms into a male pronucleus. The male and female pronuclei fuse to
from the zygote nucleus (2n = 46 chromosomes).

3.8 CLEAVAGE BLASTOCYST FORMATION AND IMPLANTATION (Fig. 3.16 & 3.17) :

Immediately, the zygote undergoes cleavage to form 2, 4, 8, 16 daughter cells called
blastomeres and develops into a morula. Morula moves from the fallopian tube into the uterus.
The morula continues to divide and transforms into a blastocyst. The cavity of the blastocyst is
called blastocoel. The blastomeres of the blastocyst are arranged into an outer layer called
trophoblast and inner group of cells attached to the trophoblast called the inner cell mass.
The trophblast layer becomes attached to the endometrium of the uterus and inner cell mass
differentiates as the embryo. After attachment, epithelial cells lining the uterine cavity divide
rapidly and cover the blastocyst. Now, the blastocyst is completely embedded in the endometrium.
This is called implantation, which occurs 7 days after fertilization and leads to pregnancy.

3.9 PREGNANCY AND PLACENTA FORMATION (Fig. 3.17) :

After implantation, finger like projections appear on the trophoblast called chorionic villi
which are surrounded by the uterine tissue and maternal blood. The chorionic villi and uterine
tissues interdigitate with each other and jointly form a structural and functional unit between
developing embryo (fetus) and uterine wall, called placenta.The placenta is of haemochorial,
metadiscoidal and deciduous type.

Fig. 3.17 : Implantation and placenta formation
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The placenta facilitates the transprat of oxygen and nutrients to the fetus and removal
of carbon dioxide and excretory waste materials from the fetus. The umbilical cord of the embryo
connected to placenta helps in the transport of materials between the mother and the fetus.

The placenta also acts as an endocrine tissue and produces several hormones like
human chorionic gonadotropin (hCG), human placental lactogen (hPL), estrogen,
progesterone etc. In the later phase of pregnancy, a hormone called relaxin is also secreted by
the placenta. Hormones such as hCG, hPL and relaxin are produced in women only during
pregnancy. In addition, during pregnancy the levels of other hormones like estrogens,
progesterone, cortisol, prolactin, thyroxine etc. are increased several fold in the maternal blood.
Increased production of these hormones is essential for supporting fetal growth, metabolic
changes in the mother and maintenance of pregnancy.

3.10 EMBRYONIC DEVELOPMENT (Fig. 3.16) :

Following implantation, the inner cell mass differentiates into an outer layer called
epiblast (ectoderm and mesoderm) and the inner layer called hypoblast (endoderm). This
marks the begining of gastrulation. During gastrulation, which occures around 17 days following
fertilization, mesodermal cells, present in the epiblast migrate and position as a layer called
mesoderm between esctoderm and endoderm. This occures by the formation of a structure is
known primitive streak.

These three layers give rise to different organs in the fetus (Table-3.1). Organ formation
in the embryo takes place through two composite process known as cell differentiation and

Table - 3.1
Differentiation of germ layers into respective tissues and organs in human
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organogenesis. The inner cell mass contains certain cells called stem cells which have the
potentiality to differentiate into any type of cell. In human, after one month of pregnancy, the
embryo’s heart is formed. By the end of the second month of pregnancy, the fetus develops
limbs and digits. By the end of twelve weeks (first trimester), most of the major organ systems
have developed, for example, the limbs and external genital organs are well developed. The
first movement of the fetus and appearance of hair on the head are usually observed during the
fifth month. By the end of 24 weeks (second trimester) the fetus is covered with fine hair,
eyelids separate and eye lashes are formed. By the end of nine months of pregnancy, the fetus
is fully developed and is ready for delivery.

3.11 PARTURITION:

The average duration of human pregnancy is about nine months, which is called
the gestation period. Vigorous contraction of the uterus at the end of pregnancy causes
expulsion of the fetus. This process of delivery of fetus is called parturition. Parturition is
induced by a complex neuro-endocrine mechanism. The signals of parturition originate from
the fully developed fetus and the placenta, which induce mild uterine contraction called fetal
ejection reflex. This triggers the release of oxytocin from the mother’s pituitary gland. Oxytocin
acts on the uterine muscle and causes stronger contraction, which in turn stimulates further
secretion of oxytocin. The stimulatory reflexes between the uterine contraction and oxytocin
secretion continues resulting in stronger contractions. This leads to the expulsion of the fetus
out of the uterus through the birth canal. Soon after the baby is delivered, the placenta is
expelled out of the uterus.

3.12 MAMMARY GLANDS AND LACTATION (Fig. 3.18) :

Human female has a pair of mammary glands, which develop after puberty. These
glands proliferate during pregnancy and start producing milk towards the end of preghancy by
the process called lactation.

Itis induced by hormones like prolactin (PRL) and oxytocin secreted from the mother’s
pitutary gland. Lactation helps the mother in feeding the newborn. The milk produced during
the initial few days of lactation is called colostrum, which contains immunogloblin (Ig A). IgA
passively immunizes the baby. Breast feeding during the initial period of infant growth is
recommended by doctors. Thus, breast feeding is best feeding.

These are modified sweat glands that lie over the pectoral muscles. In the female,
breasts are undeveloped until puberty. At puberty they begin to develop under the influence of
estrogen and progesterone. Externally, the breast is covered with skin and has a nipple
surrounded by a pigmented area, the areola. Each gland consists of glandular, fibrous and
adipose tissues. The glandular part is constituted by 15-20 lobes. Each lobe is made up of a
number of lobules, which end up in grape like clusters of milk secreting glands called alveoli
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Fig. 3.18 : Structure of human mammary gland (breast)

(Fig. 3.18). When milk is produced, it passes from alveoli into the mammary lobules and then
into mammary ducts. Near the nipple, each mammary duct expands to form a mammary ampulla,
where some milk may be stored, before going to lactiferous ducts from which, it is secreted out.
Fibrous tissue supports the alveoli and ducts. Fatty or adipose tissue is found between the
lobes and covers the surface of the gland. The amount of adipose tissue determines the size of
the breasts. Main function of mammary gland is secretion and ejection of milk. Milk production
is stimulated by hormone prolactin and ejection of milk by the hormone oxytocin. Suckling of
the baby acts as a reflex for the secretion of oxytocin from the posterior pituitary. Oxytocin
brings about the contraction of the smooth muscle of the breast, which results in milk ejection.
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SAMPLE QUESTIONS

GROUP - A
(Objective-type Questions)

1. Choose the correct answer :

(i)

(ii)

(i)

(iv)

v)

(Vi)

(Vi)

(ix)

)

(xi)

Which of the following is not a gonadotropin.

(@ FSH (b) hCG

(c) LH (d) Testosterone
Which of the following hormone is not a steroid.

(a) Ralaxin (c) Estradiol

(b) Progesterone (d) Testosterone
Which of the following is not secreted by the acrosome

(a) Hyaluronidase (c) Corona penetrating enzyme
(b)  Zonalysin (d) Fertilizin
Blastocyst formation follows

(a) Fertilization (c) Spermiogenesis
(b) Gametogenesis (d) Cleavage
Placenta secretes the hormone

(a) Testotorone (c) Oxytocin

(b) Human chorionic gonadotropin  (d) Growth hormone
Fallopian tube is part of

(@) Ureter (c) Uterus
(b)  Oviduct (d) Vas deferens
In human, fertilization usually occurs in the
(a) Vagina (c) Uterine cavity
(b) Cervix (d) Uterine tube
(viii) Which of the following is not a male secondary sexual character?
(a) Beard (c) Coarse voice
(b) Enlarged penis (d) Increased fat in the buttocks
The chief source of circulating estrogen is
(@) Theca interna (c) Theca externa
(b) Granulosa (d) Stroma
Which of the following is not an accessory sex organ
(a) Testis (c) Bulbo-urethral gland
(b) Epididymis (d) Seminal vesicles
Delivery of a human baby following pregnancy is know as
(a) Ovulation (c) Abortion

(b) Parturition (d) Conception
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(xii)

(xiii)

(xiv)

(xv)
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Sertoli cells are regulated by

(@ GH (c) FSH

(b) LH (d TSH

Which of the following is a source of progesterone

(@) Corpus luteum (c) Corpus albicans

(b) Corpus spongiousm (d) Corpus haemorrgagicum

Milk ejection form the breasts of a woman following the birth of a baby is stimulated
by

(a) LH (c) GH

(b) FSH (d) Oxytocin

Find the mismatch

(@) Acrosome - Dissolution (c) Mitocondria - Energy production
(b) Tail - Nutrition (d) Centriole - Cleavage

Fill in the blanks with appropriate words :

0)
(ii)
(i)
(iv)
V)
(vi)
(vii)
(viii)

(ix)
(x)
(xi)
(xii)
(xiii)

(xiv)

All but one X chromosomes in human female cells are condensed and inactive.
Such X chromosmes are known as

The testis determining factor (TDF) is a polypetide, expressed by gene
present on the Y chromosome.

The factor responsible for the regression of the mullerian duct in the human male
fetus is known as secreted by cell of the testis.

Gonadotropins (FSH and LH) are secreted from

FSH stimulates the Sertoili cells to synthesize three polypeptides, hamely inhibin,

and
The early development of the ovarian follicles is stimulated by and
estrogen.
Lutenzing hormone stimulates cells of the testis.

The final maturation of the ovarian follicles and ovulation are stimulated by

The prostatic fluid contains an acid called
Prostate specific antigens (PSA) help in the diagnosis of
The swollen tip of the penis is known as

The erectile tissue of the penis is constituted by and

The seminal vesicles discharge into vas deferens through

The peritoneal fold by which the ovary is attached to the broad tigament is called
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(xv) The primary oocytes are arrested at stage of first meiosis until the
onset of puberty.

(xvi) The layers of cuboidal follicular cells surrounding the primary oocyte constitutes

(xvii) Stromal cells, surrounding the granulose cells are known as cells.
(xviii) The egg is ovulated at stage.

(xix) the noncellular layer surrounding the primary oocyte is known as

(xxX) The inner epithelial lining of the uterus is known as

(xxi) The menstrual cycle spans days and the ovulation occurs on the day

(xxii) The secondary oocyte is arrested at before fertilization.

(xxiii) Penetration of spermatozoon into the egg at fertilization triggers metaphase Il in
the secondary oocyte. This phenomenon is known as

(xxiv) Following the failure of fertilization, the corpus luteum regresses into a structure
called

(xxv) Corpus luteum is the main source of estrogen and

3.  Answer the following in one word :
() Retention of testis in the abdominal cavity.
(i)  The canal through which the testis descends into the scrotum.

(i)  The plexus of blood capillaries that helps maintain the temperature of the testis
for normal functioning.

(iv) The connective tissue capsule of the testis.

(v) The seminal fluid contains a manosaccharie as the energy source.

(vi) The passage through which both the urine and semen are discharged.
(vii) The glans penis is covered by a fold of loose skin.

(viii) The forcible explusion of semen through the urethra.

(ix) The low count of sperms in human semen.

(xX) The muccopolysaccharide layer surrounding a primary ovarian follicle.

(xi) The hillock of granulosa cells connecting the granulosa cells surrounding the
oocyte with the peripheral granulosa cells layer in a graafian follicle.

(xii) The loose mass of connective tissue, in which are present different stages of
ovarian follicles.

(xiii) The regressing follicles and the act of regression.

(xiv) The uterine layer that is sloughed off during menstrual cycle.
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(xv) The arteries of the uterine wall that undergo disintigration during the menstrual
cycle.

(xvi) The height of LH secretion, 16-26 hours before ovulation.

(xvii) The tissue formed by the apposition of both the maternal and fetal tissues during
pregancy.

(xviii) The modified sweat glands in the female that serve as the source of food for
neonatal babies.

(xix) The fertilzin-antifertilizin reaction that stops the march of a large number of
sperms towards the egg.

(xx) The penetration of the spermatozoon into the egg sets in a reaction in the cortical
cytoplasm, which results in the formation of a fertilization membrane.

GROUP - B
(Short Answer-type Questions)

Answer the following within 50 words each :
() What are the disadvantages of asexual reproduction.
(i)  Explain sexual dimorphism.
(i)  How do gametes acquire haploid number of chromosomes?
(iv) Is a 'Y chromosome essential for the development of testis in human? Explain.
(v) What is the role of antimullerian hormone? Where is it secreted from?
(vi) Explain, what is puberty.
(vii) Name two gonadotropins. Where are these secreted from?
(viii) Describe the major role of LH in both male and female.
(iX) What is a cremasteric reflex?
(x) Explain the countercurrent heat exchange mechanism in human testis.
(xi) Describe the functions of the sertoli cells.
(xii) What is a blood testis barrier? How does it help the testis?
(xiii) What are the function of epididymis?
(xiv) Name five secondary sexual chracters in human male.

(xv) What do you mean by accessory sex organs? Give five examples in human
male.

(xvi) What is the function of the prostate gland?
(xvii) What is the role of corpus luteum following fertilization and implantation?

(xviii) Explain LH surge.
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(xix) What is spermiogenesis?

(xx) What is the role of acrosome in fertilization.

(xxi) Placenta is an endocrine tissue- explain.

(xxii) Enlist the hormones regulating menstrual cycle and mention the role of each.
(xxiii) What do you understand by follicular atresia ? Where does it occur ?

(xxiv) Where do the granulose and thecal cells originate from and what are their functions.

(xxv) How is the mammary glad hormonally regulated?

2. Write brief notes on the following :
(i)  Secondary sexual characters
(i)  Accessory sex organs
(i)  Seminiferous tubule
(iv) Graafian follicle
(v) Corpus luteum
(vi) Prostate gland
(vii) Seminal vesicles
(viii) Bulbo-urethral gland
(ix) Blood testis barrier
(x)  Luteal phase
(xi) Menopause
(xii) Gonadotropins
(xiii) Placenta
(xiv) Parturition
(xv) Spermiogenesis

(xvi) Lactation

3. Differentiate between :
(i)  Sertoli cell and Leydig cell
(i)  Corpus luteum and Corpus hemorrhagicum
(i)  Follicular phase and Luteal phase
(iv) Antral follicle and Graafian follicle
(v) Granulose and Thecal cells
(vi) First maturation division and Second maturation division

(vii) Spermatogenesis and Oogenesis



98

A wnN P

Bureau’s Higher Secondary, BIOLOGY (Class- XII)

GROUP - C
(Long Answer-type Questions)

Discuss about different methods of asexual reproduction in animal, as studied by you.
Describe the male reproductive system in human.
Describe the female reproductive system in human.

What is menstrual cycle? Describe the cyle in human with a reference to cyclic changes
in the ovary and uterine endomtrium.

Draw a neat labeled diagram of the male reproductive system in human (Description is no
required).

Draw a neat labeled diagram of the female reproductive system in human (Description is
not required).

Draw a neat labeled diagram of the corss section through the human ovary (Description
is not required).

Draw neat labeled diagram of seminiferous tubule (Description is not required).

Draw a neat labeled diagram of a graafian folicle (Description is not required).

aaa



CHAPTER

REPRODUCTIVE HEALTH “

Each year some eight million of the estimated 210 million women, who become
pregnant, suffer from life-threatening complications related to pregnancy. In 2000, an estimated
529,000 women died during pregnancy and childbirth, 2.7 million infants are stillborn every
year and 3 million die within the first seven days of life. Globally, the maternal mortality ratio
has not changed over the past decade. Nintynine per cent of all maternal deaths occur in
developing countries. The International Conference on Population and Development (ICPD)
held in Cairo in 1994 declared that a reproductive health is a state of complete physical,
mental and social well being and not merely the absence of disease or infirmity in all matters
related to the reproductive system and to its functions and processes. Sexual and reproductive
health is closely associated with socio-cultural factors, gender roles and the respect and
protection of human rights.

Human rights issues pertaining to sexual and reproductive health that have been
considered as fundamental in drafting this document includes :

* the right of all persons to the highest attainable standard of health,

* the fundamental right of all couples and individuals to decide freely and
responsibly the number, spacing and timing of their children and to have the
information and means to do so,

* the right of women to have control over and decide freely and responsibly on
matters related to their sexuality,

* the right of men and women to choose a spouse and to enter into marriage only
with their free and full consent,

*  the right of acess to relevant health information and

*  the right of everyone to enjoy the benefits of scientific progress and its
applications.

The Government of India guarantees better healthcare services to all its citizens. The
Government have implemented several welfare programmes to improve the healthcare services
rendered to its citizens, especially to children and women with a view to minimizing mortality
rate. Some of these welfare programmes are mentioned in a chronological order.
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1952 - National Family Planning Programme

1977 - National Family Welfare Programme

1983 - National Health Policy

1985 - Universal Immunization Programme

1997 - Reproductive and Child Health Programme (RCH - 1)

2002 - National Health Policy (Reviewed)

2005 - Reproductive and Child Health Programme (RCH - II)

2013 - Reproductive, Maternal, Newborn, Child and Adolescent Health Strategy
(RMMCH+A)

2017 - National Health Palicy (Reviewed)

The Ministry of Health and Family Welfare of Government of India with generous help
of United States Agency for International Development (USAID) launched a five year (2012
- 2017) flagship programme of National Rural Health Mission (NRHM) in 2013 to address the
major causes of mortality among women and children as well as the delays in accessing and
utilizing the healthcare services. The programme is entitled as “A Strategic Approach to
Reproductive, Maternal, Newborn, Child and Adolescent Health in India (RMNCH+A).

4.1 SEXUALLY TRANSMITTED DISEASES (STD) :

Sexually Transmitted Diseases (STDs) or Sexually Transmitted Infections (STIs) are
infectious diseases that spread from person to person through intimate contact. STDs can
affect human male and female of all ages and backgrounds, who are having intimate contact
through sexual intercourse. It does not matter if they are rich or poor.

Unfortunately, STDs have become prevalent among teens, since teens are at more
risk for getting STDs. It is important to be conscious about ones own protection. STDs are
sometimes referred to as sexually transmitted infections, since these conditions involve the
transmission of infectious organisms between two sex patners. More than 20 different STDs
have been identified and about 19 million men and women are infected every year in the
United States.

The infection may spread through any type of sexual contact involving external genitalia,
the anus or the mouth. An infection may also spread through contact with blood during
sexual activity. STDs are infrequently transmitted by any other type of superficial contact.
However, people who share hypodermic needles markedly increase the chance to contract
such diesases, especially Hepatitis B. Some diseases which are not officially documented as
STDs (e.g., Hepatitis A, C and E) but still are infrequently noted to be transferred during
sexual activity.
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41.1

*

STDs affect men and women of all ages and backgrounds, including children.
Many states require that child protective services be notified if children are
diagnosed with STDs.

STDs have become more common in recent years, partly because people are
becoming sexually active at a younger age, are having multiple partners and do
not use preventive methods to lessen their chance of acquiring STDs.

People can pass STDs to sexual partners, although themselves do not have
any symptoms.

Frequently, STDs may be present but express no symptons, especially in women
(e.g., chlamydia, genital herpes, gonorrhea). This situation may also occur in
men.

Health problems and long-term consequences from STDs tend to be more
severe in women than men. Some STDs can cause pelvic infections such as
pelvic inflammatory disease (PID), which may cause a tubo-ovarian abscess.
The abscess, in turn, may lead to scarring of the reproductive organs, which
may result in an ectopic pregnancy (a pregnancy outside the uterus), infertility
or even death of a woman.

Human papilloma virus infection (HPV infection), an STD, is a known cause
of cancer of the cervix.

Many STDs can be transmitted from the mother to the baby before, during or
immediately after birth.

Common STDs :

*

VIR TR T I T

Chlamydia

Genital Herpes [caused by Herpes Simplex Virus (HSV)]
Genital Warts

Gonorrhea

Hepatitis B [(caused by Hepatitis B Virus (HBV)]

HIV and AIDS

Pelvic Inflammatory Disease (PID)

Pubic lice Infection (caused by Crabs)

Syphilis

Trichomoniasis
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4.1.2 Prevention and Treatment :

It is much easier to prevent STDs than treating. The only way to completely prevent
STDs is to abstain from all types of sexual contact. If some one is going to have intercourse,
the best way to reduce the chance of getting an STD is by using a condom.

People who are in the habit of having frequent sexual contract should get regular
gynaecological or male genital examinations. There are two benefits from this. First, these
examinations give the doctor an opportunity to teach people about the consequences of
contracting STDs and the methods of protecting themselves. Secondly, regular examinations
give a better opportunity for an effective treatment, while the infections are in their earliest.

The visiting person needs to disclose all facts about his / her sexual contact to the
physician without fear, so that the physician decides on a course of action. Consequently,
the physician will prescribe an investigation and then an effective treatment schedule. If the
person feels embarassed to visit a physician, with whom he / she is familiar, he / she may
seek the assistance of experts by calling STD hotline operated by some national organisations.
The experts will advice in respect of the STD clinics undertaking the investigation and
treatment. In doing so a confidentiality about the identity of the person in question is maintained.

Not all infections in the genitalia are caused by STDs. Sometimes, people may
express symptoms that are similar to those of STDs, although they have never had sex. For
example, in girls, a yeast infection is sometimes confused with an STD. Males may worry
about bumps on the penis that turn out to be pimples or irritated hair follides. It is therefore,
important to visit a physician to solve many of the above mentioned problems.

4.2 BIRTH CONTROL :

Birth control is the regulation of the number of children of a couple through deliberate
control of conception. It is carried out by family planning or family welfare measures. Family
planning is a programme aimed at limiting the size of families through prevention of conceptions
and spacing the birth of children. Contraception is a temporary or permanent measure that
prevents pregnancy or conception. For using contraception, motivation is important. It is
provided through mass media (e.g. television, radio, newspapers, magazines, hoardings and
posters), books, lectures, school or college curriculam and personal contacts by family
welfare and community health workers, students and educated persons.

Couple Protection is the process of bringing eligible couples under family planning
programmes. The success is above 60% at present and is voluntary in nature. Family
planning by contraceptive measures are of two types : (1) spacing and (2) teminal methods.
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4.2.1 Spacing method :

These are temporary methods, which are used to postpone or space appropriately
the birth of children. The spacing measures are (i) Barrier method (ii) Use of intrauterine
devices (ii) Chemical methods (iv) Hormonal method, (v) Natural method and (iv) Medical
Termination of Pregnancy (MTP).

4.2.1.1 Barrier Method :

There are mechanical devices which prevent the release of sperms into the vagina
and hence their passage into the uterus. The common barrier methods are condoms,
diaphragm, fem shield and cervical cap.

(i) Condom - It is a tubular latex sheath which is rolled over the penis during
intercourse. The common brand provided by family welfare services is NIRODH.
Other improved brands are also available in the medicine stores. The device
also provides protection against sexually transmitted diseases including AIDS.

(ii) Diaphragm - It is a tubular rubber sheath with a flexible metal or spring ring
at the margin which is fitted inside the vagina.

(iii) Fem shield (Female condom) - The device is a polyurethane pouch with a ring
at either end. The inner ring is smaller and present at the inner closed end. The
device covers the external genitalia as well as the lining of the vagina. Fem
slield provides protection from sexually transmitted diseases.

(iv) Cervical cap - It is a rubber nipple, which is fitted over the cervix and is
designed to remain there by suction. The device prevents the entry of sperms
into the uterus.

(v) Vault cap - It is a hemispherica domelike rubber or plastic cap with a thick rim,
which is meant for fitting over the vaginal vault over the cervix.

4.2.1.2 Intrauterine devices (IUD) or Intrauterine contraceptive devices (IUCD) :

These are devices made from plastic, metal or a combination of both, which are
inserted into the uterus to prevent conception. IUCDs are called loops, spirals, rings, bows,
shields, based on their shapes, IUCDs are of three types - inert, copper releasing and
hormone releasing. The inert [IUCDs are made up of polyethylene, impregnated with barium
sulphate or stainless steel. The exact mechanism of inert IUCD contraception is not clear.
However, It prevents conception in the following manner :

()  There is impairment of sperm ascent.

(i)  There is a quick tubal motility resulting in the premature migration of the fertilised
eggs into the uterus before it is ready for receiving it.
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(i) Histological and biochemical changes in the endometrium, which have
gametotoxic and spermicidal effects.

Copper IUCDs are commonly called copper Ts having ionised copper. It slowly diffuses
at the rate of some 50 mg / day. It has a local antifertility effect by bringing about the release
of toxic cytokines. The device is to be replaced every 3-5 years when copper release slows
down due to calcium deposition.

Hormone releasing IUCDs include progesterone IUCD and levonorgestrel [IUCD. The
devices release small quantities of hormones which suppress endometrial changes and
cervical mucus, cause anovulation and insufficient luteal activity.

4.2.3.1 Chemical methods :

They are contraceptives which contain spermicidal chemicals. The chemical
contraceptives are available in the form of creams (e.g., delfem), jelly (e.g., perception,
volpar paste), foam tablets (e.g., aerosl foam, chlorimin T or contab). They commonly
contain lactic acid, boric acid, citric acid, zinc sulphate and potassium permanganate. The
contraceptives are introduced into the vagina prior to sexual intercourse. Sponge (Today) is
a foam suppository or tablet containing nonoxynot-9 as a spermicide. It is moistened before
use to activate the spermicidal effect. The device also absorbs the ejaculate.

4.2.1.4 Hormonal method :

These are hormones possessing contraceptive properties, usually employed by women
for suppressing ovulation. Hormonal methods are three types : oral contraceptives (oral pills),
non-oral hormonal contraceptives and emergency contraceptives.

(i) Oral contraceptives - The pills are taken orally for 21 days in a menstraul
cycle starting from 5th day and ending on 25th day. However, it is advisable to
repeat the course after a gap of 7 days, irrespective of the onset or nonset of
menstruation. If a pill is missed, it should be taken, when one remembers,
sometimes two at a time. This helps in maintaining the hormonal levels required
for contraception. Hormonal pills act in four ways (a) inhibition of ovulation (b)
alternation in the uterine endometrium to make it unsuitable for implantation (c)
changes in cervical mucus secretion, impairing its ability to allow passage and
transport of sperms and (d) inhibition of motility and secretory activity of fallopian
tubes. Oral pills are of two types : combined pills and mini pills. Combined
pills contain both estrogen and progestin (progesterone). They are synthetic
products. Estrogen inhibits FSH secretion. Progestin inhibitis LH secretion.
Progestin protects the endometrial lining from the adverse effects of estrogen.
This hormone also changes cervical mucus secretion. The most commonly
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(ii)

(iii)

used progestin is levonorgestrel or desogestrel. The most common estrogen
is ethinyl estradiol or menstranol. In multiphasic combined pill, both
oestrogen and progestin are present in nearly the same amount. (e.g. Mala D,
Mala L). Minipills are progestin pills only, with no estrogen. These are taken
daily without break.

Non-oral Contraceptives - These are of two kinds : injectable and implant.

(@ Injectable contraceptives - Two types of progestin preparations are used
singly. They are depot-medroxy progesterone acetate (DMPA) with a
dose of 150 mg every 3 months or 300 mg every 6 months and
norethisternone enanthate (NET EN) with a dose of 200 mg every 2
months. Cyclofem and mesigha are combined injectable contraceptive
which are given once every month. These contain progestin preparation
(DMPA 25 mg or NET EN 50 mg) as well as oestradiol (5 mg).

(b) Implants - These are hormones containing devices which are implanted
subdermally (bellow the dermis) for providing long term contraception.
Norplant is a progestin only device having six small permeable capsules
(34 mm x 2.4 mm) each having about 36 mg levonorgestrel. They are
inserted under the skin in a fan shaped manner in side upper arm or fore
arm through a small incision. Norplant remains effective for about 5 years.
Implanon is a single rod-like device (40 mm x 2 mm) which is implanted
through a wide bored needle. It contains about 60 mg of 3-keto
desogestrel. It remains functional for three years.

Emergency contraception - It is a treatment for unprotected sex, sexual assult,
missed pills and other reasons which have a risk of pregnency. The drugs used
in emengency contraception are called morning-after pills. These are also
available in India under the family welfare programme since 2002-2003. Two
Ovral tablets at the begining and two tablets after 12 hours do the needful.
Other morning after pills are noral, norgynon and ovidon. An antiprogesterone
pill (mifepristone) is a single pill treatment. Insertion of an IUCD within five
days of unprotected sex prevents implantation.

4.2.1.5 Natural Methods :

These are methods, which donot require any device, medicine or religious sanction.
Natural methods are of three kinds- safe period, withdrawal and breast feeding.

(i)

Safe period (Rhythm Method) - Ovulation occurs roughly about in the middle
of the menstrual cycle. The fertility period is upto 48 hours after ovulation.
Avoiding sexual intecourse during the fertility period prevents conception.
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Ovulation period can be known from the body temperature, as the temperature
dips below average and then rises by around 1°F, which is maintained for the
rest part of the cycle.

Cervical mucous is slippery and can be drawn into a thread (spinnbarkeit
test) when stretched between two fingers. Period prior to ovulation is safe.
Period after fourth day of rise in temperature (or last positive spinnbarkeit test)
is also considered safe.

(i)  Withdrawal Method (Coitus interruptus) - The method is based on withdrawal
of penis before ejaculation.

(iii) Breast feeding - In the amenorrhoeic period after delivery, breast feeding
prevents pregnancy.

4.2.1.6 Medical Termination of Pregnancy (MTP) :

Unwanted pregnancy can be terminated medically, provided it is carried out early
during the first trimester. Misoprostol (a prostaglandin) alongwith mifepristone
(antiprogesterone) is an effective combination. Vaccum aspiration and surgical procedures
follow the treatment.

4.2.2 Terminal Methods of Family Planning :

These are permanent methods of family planning where there is no need of
replacement or augmentation. The methods are surgical or operative procedures which block
the passage of semen in males and ova in females. The techniques are also called
sterilisation procedures. They are called vasectomy in males and tubectomy in females.

4.2.2.1 Vasectomy :

It is a surgical method of sterilisation of males. Vasa deferentia are blocked by cutting
and occluding them so that sperms are unable to pass down the male reproductive duct.

(i) Conventional Vasectomy (Scalpel surgery) - Under local anasthesia, a
transverse (1 cm) incision is made on the skin of the scrotum with the help of
a scalpel over the area of vas deferens. Each vas deferens is exposed and cut.
The two ends are separated and tied. A gap of 1-4 cm must be maintained
between the two ends otherwise reunion may occur.

(ii) Non-Scalpel Vasectomy - In this case, instead of a scalpel, a dissecting
foreceps and a ringed forceps are used. The skin is punctured and the vas
deferens is taken out. It is occluded by removal of 1-2 cm followed by ligation
of ends. Occlusion can also be achieved by heat and clips. Vasectomy is a
reversible procedure as the two ends may rejoin to open the sperm passage.
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4.2.2.2 Tubectomy :

It is a surgical procedure of female sterilization, where a part of both the fallopian
tubes is excised or ligated to block the passage of ova through them. Tubectomy is performed
by conventional transabdominal surgery, conventional laparoscopy and milaparotomy. In
surgical procedure, the fallopian tubes are cut and the cut ends tied to prevent reunion. The
procedure is reversible as the cut ends may rejoin. In laparoscopic procedure, sterilization
is achieved by loop development and constricting the basal region of loop with the help of
silistic ring.

4.3 AMNIOCENTESIS :

Amniocentesis (also referred to as amniotic fluid test or AFT) is a medical procedure
used in prenatal diagnosis of chromosomal abnormalities and fetal infections, in which a small
amount of amniotic fluid from the aminiotic sac is removed and sampled. The fluid contains
fetal tissue. This tissue is separated and the chromosomes from the cells are karyotyped. The
DNA is isolated from the cells and purified. It is then analyzed for genetic abnormalities. The
fluid is also analyzed for the presence of abnormal metbolites, if any. Amniocentesis was first
introduced by an American obstetrician, Fritz Friedrich Fuchs and Danish gastroenterologist,
Polv Riis in 1956 for fetal sex determination. Another process known as chorionic villus
sampling (CVS) can also diagnose these problems of the fetus. CVS was first performed by
the Italian biologist Giuseppe Simoni in 1983. Now real-time ultrasound has been used in place
of invasive procedures like that of amniocentesis, because it provides the safety to the fetus
and yeilds accurate result.

Fig. 4.1 : Practice of amniocentesis
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Amniocentesis is performed for ascertaining the following :

*  Abnormal genetic conditions, such as Down Syndrome and spina bifida.

* Baby’s lungs are mature enough for birth.

* Evaluation of a baby for infections or illness.

* Rarely, amniocentesis is used to decrease the volume of the amniotic fluid.

Although amniocentesis can provide valuable information about the baby’s health, the
decision to pursue this invasive diagnostic testing is serious. It's important to understand the
riks of amniocentesis and be prepared for the consequence, if any.

4.3.1 Procedure:

Before the start of the procedure, a local anesthetic is given to the mother in order to
relieve the pain felt during the insertion of the needle used to withdraw amniotic fluid. After the
local anesthetic is in effect, a needle is inserted through the mother's abdominal wall, then
through the wall of the uterus, and finally into the amniotic sac. With the aid of ultrasonographic
guidance, a physician punctures the sac with precision in an area away from the fetus and
extracts approximately 20ml of amniotic fluid. Fetal cells are separated from the extracted sample.
The cells are grown in a culture medium, then fixed and stained. Under a microscope the
chromosomes are examined for abnormalities. The most common abnormalities detected are
Down syndrome (trisomy 21), Edwards syndrome (trisomy 18), and Turner syndrome (monosomy
XO). The puncture later heals and the amniotic sac replenishes the liquid over the next 24-48
hours.

Two types of amniocentesis are classed to diagnose two types of fatal abnormalities.

4.3.2 Genetic Amniocentesis :
Genetic amniocentesis is performed if :

*  Aprenatal screening test yeilds a positive result : If the results of a screening
test, such as the first trimester screen or noninvasive prenatal testing are positive
amniocentesis may be formed to confirm or rule out a diagnosis.

X  There was an abnormal chromosomal complement or a neural tube was
defective in a previous pregnancy : If a previous pregnancy was affected by
Down syndrome or a neural tube defect, a serious condition affecting the brain or
spinal cord in the present pregnancy might be at higher risk, too.

*  The age is 35 or more : Babies born to women of 35 years and older have a
higher risk of chromosomal disorder, such as Down syndrome.
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*  Thereis a family history of a specific genetic condition, or the partner is a
known carrier of a genetic condition. In addition to identifying Down syndrome
and spina bifida, amniocentesis may be used to diagnose many other conditions,
such as cystic fibrosis.

4.3.3 Maturity amniocentesis :

Maturity amniocentesis can determine whether a baby's lungs are mature for birth. This
type of amniocentesis is done only when premature delivery, either through induction or C-
section is being considered to prevent pregnancy complications for the mother. It's usually
done between 32 and 39 weeks of pregnancy. Earlier than 32 weeks, a baby's lungs are unlikely
to be fully developed.

4.3.4 Safety concerns of amniocentesis :

On safety grounds, second-trimester amniocentesis has been found to be comparatively
safer than early amniocentesis. According to global statistics, about one woman in every 100
having an amniocentesis experiences a miscarriage. The World Health Organisation suggests
the risk of having a miscarriage or getting an infection following an amniocentesis will be lower
if the procedure is done by an experienced practitioner at a hospital which undertakes these
procedures as a routine.

4.3.5 Amniocentesis and stem cells :

Recent studies have discovered that amniotic fluid can be a rich source of multipotent
mesenchymal, hematopoietic, neural, epithelial, and endothelial stem cells.

A potential benefit of using amniotic stem cells over those obtained from embryos is
that the process skips ethical concerns among pro-life activists by obtaining pluripotent lines of
undifferentiated cells without harm to the fetus or destruction of an embryo. These stem cells
would also, skip the donor / recipient issue, if used to treat the same individual they came from.

Artificial heart valves, working trachea, as well as muscle, bone, heart, neural and
liver cells have all been engineered through the use of amniotic stem cells. Tissues obtained
from amniotic cell lines show promise for patients suffering from congenital diseases /
malformations of the heart, liver, lungs, kidneys, and cerebral tissue.

The first amniotic stem cell bank is active in Boston, Massachusetts, USA.

4.4 INFERTILITY :

Infertility refers to an inability to conceive after having regular unprotected sexual
intercourse. Infertility also refers to the biological inability of an individual to contribute to
conception or to a female who cannot carry a pregnancy to full term. In many countries,
infertility refers to a condition in which couples have failed to conceive after 12 months of
regular sexual intercourse without the use of contraception.
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4.4.1 Risk factors of infertility :

1.

10.

11.

Age - A woman's fertility starts to drop after she is about 32 years old and
continues doing so. A 50 year old man is usually less fertile than a man in his
20s (male fertility progressively drops after the age of 40)

Smoking - Smoking significantly increases the risk of infertility in both men and
women. Smoking may also undermine the effects of fertility treatment. When
a woman gets pregnant, she has a greater risk of miscarriage, if she is a
smoker.

Alcohol Consumption - A woman’s preghancy can be seriously affected by
alcohol consumption. Alcohol abuse may lower male fertility. Moderate alcohol
consumption has not been shown to lower fertility in most men, but is thought
to lower fertility in men who already have a low sperm count.

Obese or Overweight - In industrialized countries overweight (obesity) and a
sedentary lifestyle are often found to be principal causes of female infertility. An
overweight man has a higher risk of having abnormal sperms.

Eating disorders - Women who become seriously underweight as a result of
dieting may have fertility problems.

Being vegetarian - If a person is a strict vegetarian he / she must make sure
your intake of iron, folic acid, zinc and vitamin B-12 are adequate, otherwise,
fertility may be affected.

Over exercise - A woman who exercises for more than seven hours every
week may have ovulation problems.

Sedentary life-style - Leading a sedentary lifestyle is sometimes linked to
lower fertility in both men and women.

Sexually Transmitted Infections (STIs) - Chlamydia can damage the fallopian
tubes as well as influence man’s scrotum. Some other STIs may also cause
infertility.

Exposure to some chemicals - Some pesticides, herbicides, metals (lead)
and solvents have been linked to fertility problems in both men and women.

Mental stress - Studies indicate that ovulation and sperm production may be
affected by mental stress. If at least one partner is stressed, it is possible that
the frequency of sexual intercourse is less, resulting in a lower chance of
conception.
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4.4.2 Causes of infertility in women :

4.4.2.1 Ovulation disorders :

Problems with ovulation are the common causes of infertility in women. Ovulation is
the monthly release of an agg. Some women never release eggs, while some do not release
eggs during cycles. Ovulation disorders can be due to :

*

Premature ovarian failure - The ovaries stop functioning properly before 40
years of age.

PCOS (Polycystic ovary syndrome) - The ovaries function abnormally. Such
women have abnormally high levels of androgens. About 5% to 10% of women
in the reproductive age range are affected by this syndrome.

Hyperprolactinemia - If the prolactin level is high and the woman is not pregnant
or breast feeding, it may affect ovulation and fertility.

Poor egg quality - Eggs that are damaged or develop genetic abnormality
cannot sustain a pregnancy. Older women are at a higher risk.

4.4.2.2 Problems in the uterus or fallopian tubes :

The egg travels from the ovary to the uterus (womb) through the fallopian tube,
where the fertilization of the egg takes place. If there is something wrong in the uterus or
the fallopian tubes the woman may not be able to conceive naturally. This may be due to:

*

Surgery - Pelvic surgery may sometimes cause damage to the fallopian tubes.
Cervical surgery may sometimes cause shortening of the cervix. The cervix is
the neck of the uterus.

Submusosal fibroids - Benign or non-cancerous tumours found in the muscular
wall of the uterus, occurr in 30% to 40% of women in the child bearing age.
They may interfere with implantation. They may also block the fallopian tube
preventing sperm from fertilizing the egg. Large submusosal uterine fibroids
make the uterus cavity bigger, increasing the distance the sperm has to travel.

Endometriosis - Cells that are normally found within the lining of the uterus
start growing elsewhere in the body.

Previous sterilization treatment - If a woman has her fallopian tubes blocked,
it is possible to reverse the process. But the chances of becoming fertile again
are low.

4.4.2.3 Medications

Some drugs can affect the fertility of a woman. These include :

*

NSAIDs (Non-steroidal anti-inflammatory drugs) - Women who take aspirin
or ibuprofen in a long-term may find it harder to conceive.
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Chemotherapy - Some medications used in chemotherapy can result in ovarian
failure. In some cases, this side effect of chemotherapy may be permanent.

Radiotherapy - If radiation therapy is aimed near the woman’s reproductive
organs, there is a higher risk of fertility problems.

lllegal drugs - Some women who take marijuana or cocaine may have fertility
problems.

4.4.3 Causes of infertility in men :

Abnormal semen is responsible for about 75% of all cases of male infertility. The
following semen problems are possible.

*

¥*

Low Sperm count (oligospermia) - Sperm count should be 20 million
sperms / mI® of semen. If the count is under 10 million, there is a low spem
concentration.

No sperm - when the man ejaculates, there is no sperm in the semen.
Low sperm motility - The sperms cannot swim as effectively as it should.

Abnormal sperm - Sometimes the sperms have unusual structures, making
these more difficult to swim towards the egg and fertilise it.

The following reasons may cause the semen to be abnormal :

¥OH R K X K X K X R

Testicular infection

Testicular cancer

Testicular surgery

Overheating of the testicles

Ejaculation disorders

Undescended testicles

Genetic abnormality

Mumps

Radio therapy

Diseases like anaemia, diabetes, thyroid malfunctioning

4.4.4 Diagnosis of Infertility :

4.4.4.1 Tests for males :

1.

General Physical Examination - The andrologist (physician specialised in
male reproduction) may ask the man about his medical history, medications
and sexual habits. The physician will also carry out an examination of his
genitals. The testicles will be checked for lumps or deformities, while the shape
and structure of penis will be examined for any abnormality.



Reproductive Health 1 113

Semen analysis - The semen sample will be analysed in a laboratory for
sperm count, motility, colour, quality and infections.

Blood analysis - The blood is analyzed for testosterone and other male hormone
concentrations.

Ultrasound Test - Any ejaculatory duct obstruction, retrograde ejaculation or
other abnormal functioning will be assertained by untrasonography.

Chlamydia test - If the man is found to have chlamydia, which can affect
fertility, he will be prescried antibiotics to treat it.

4.4.4.2 Tests for females :

1.

General Physical Examination - The gynaecologist will interogate the woman
about her medical history, menstrual cycle and sexual habits. She will also
undergo a general gynaecological examination.

Blood Test - The blood sample is analyzed to check if the female hormone
levels are correct and of the woman is ovulating.

Hysterosalpingography - A radio-opaque fluid is injected into the woman'’s
uterus which shows up in the x-ray film. X-rays are taken to know about blockages
in the uterus and fallopian tubes. This is followed by a surgery to reactify the
problem.

Ovarian Reserve Testing - This is done to find out how effective the eggs are
after ovulation.

Pelvic Ultrasound - Ultrasonography of the pelvic region of the female is
undertaken to know about the normal structures of the ovary, uterus and fallopian
tube.

Thyroid function test - According to National Health Service (UK), between
1.3% and 5.1% of infertile women have a thyroid malfunctions. This test is
undertaken and the problem, if any, is corrected by medication.

4.45 Treatment options for infertility :

The treatment schedule depends on many factors, including the age of the patient,

duration of infertility, personal preferences and the general state of health. Male sperms can

survive inside the female reproductive tract for upto 72 hours, while an egg can be fertilized

for upto 24 hours after ovulation.
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4.4.5.1 Fertility treatment for men :

*

Erectile dysfunction or premature ejaculation - Medication and / or behaviour
approaches can help men with general sexual problems, resulting in improved
fertility.

Blockage of the ejaculatory duct - In case of blockage sperm can be extracted
directly from the testicles and injected into an egg in vitro in the laboratory
condition.

Retrograde ejaculation - Sperm can be taken directly from the bladder and
injected into an egg in vitro.

Surgery for epididymal blockage - If the epididymis is blocked, it can be
surgically repaired and sperms can be ejaculated properly.

4.4.5.2 Fertility treatment for women :

*

Ovulation disorders - If a woman has an ovulation disorder, she will be
prescribed with fertility drugs, which regulate or induce ovulation. These include
Clomifene, Metformin, HMG, FSH, Human chorionic gonadotropin , Gn-RH,
Bromocriptine etc.

Surgical procedure for women

1. Fallopian tube surgery - If the fallopian tubes are blocked or scarred,
surgery may repair them, making it easier for eggs to pass through them.

2. Laparascopic surgery - A small incision is made in the woman’s abdomen.
Laparoscope is inserted through the incision. In endometriosis, laparoscopy
removes implants and scar tissue restoring fertility.

4.5 ASSISTED REPRODUCTIVE TECHNOLOGY (ART) :

Due to miscellaneous infertility problems (in both men and women), some women fail
to conceive. However, research and investigations in this area have opened up new vistas
for conception and giving birth to healthy babies. Several methods have successfully been
practiced, which are collectively classed under Assisted Reproductive Technology (ART).

1.

Intrauterine insemination (IUl) - A fine catheter is inserted through the cervix
into the uterus to place a sperm sample directly into the utreus. This procedure
may be done when ovulation occurs. The woman may be administered a low
dose of lutenizing hormone (LH) before the practice to initiate ovulation.

IUI is more commonly practiced, when the man has a low sperm count
and decreased sperm motility. This procedure is also helpful for males, suffering
from severe erectile dysfunction.



Reproductive Health 1 115

451

in vitro fertilization (IVF) - Among all ARTSs, this technology has become more
popular among couples for begetting children. Sperms are placed with unfertilized
eggs in a petridish. Fertilization takes place in vitro. The embryo is then implanted
into the uterus to begin a pregnancy. Sometimes the embryo is frozen for future
use (cryopreservation). Before IVF is practiced, the female is administered with
fertility drugs to induce ovulation and prepare the uterus for implantation.

Donation of sperms or eggs - If there is either no sperm or egg in one of the
partners, it is possible to receive sperms or eggs from a donor. The egg is
fertilized in vitro and transplanted into the uterus of a pseudopregnant woman.

Assisted hatching - This improves the chances of the embryo’s implantation,
to the wall of the uterus. An expert practitioner opens a small hole in the outer
membrane of the embryo, known as zona pellucida. The opening improves the
ability of the embryo to leave its shell and implant into the uterine lining. Patients
who benefit from assisted hatching include women with previous IVF failure,
poor embryo growth rate and older women.

Electrical or vibratory stimulation to induce ejaculation - Ejaculation is
achieved with electrical or vibratory stimulation. This procedure is useful for
men who cannot ejucaulate normally, such as those with a spinal cord injury.

Surgical sperm aspiration - The semen is removed from the male reproductive
tract such as the vas deferens or epididymis.

in vitro fertilisation (IVF) :

in vitro fertilisation (IVF) is a process, by which an egg is fertilized by a sperm outside

the body, under controlled laboratory conditions. The process involves monitoring a woman's

ovulatory process, removing egg from the ovaries and allowing sperms fertilize the egg in a
medium in the laboratory. The fertilized egg (zygote) is cultured for 2—6 days in a growth medium

and is then transferred into the uterus of a pseudopregnant woman with the intention of

establishing a successful pregnancy.

IVF techniques can be used in different types of situations. It is a technique of assisted

reproductive technology for the treatment of infertility. IVF techniques are also employed in
gestational surrogacy, in which case the fertilised egg is implanted into a surrogate mother’s
uterus. In some situations, donated eggs or sperms may be used. Some countries have surrogacy

legislation in force, which prohibits women to act as surrogate mothers. Secondly, surrogacy is

very expensive. These two barriers, have opened up a new area of tourism, i.e. fertility tourism.

Less expensive and legislative regulation free surrogate mothers are hired for this purpose.



116 1 Bureau’s Higher Secondary, BIOLOGY (Class- XII)

The first successful birth of a test tube baby, named Louise Brown, took place in 1978.
Robert G. Edwards and Patrick Steptoe are credited with the birth of Louise Brown in London.
For this invaluable work Robert G. Edwards was awarded Nobel prize in Psyology or Medicine
in 2010. Patrick Steptoe could not be considered, since Noble Prize is not awarded posthumously.
With egg donation and IVF, women in post-menopause period can still be pregnanat. Adriana
Iliescu holds the record as the oldest woman to give birth to a child by using IVF and donated
egg. She gave birth to a child in 2004 at the age of 66. After the IVF treatment many couples are
able to get pregnant without any fertility treatments.

4.5.1.1 Practice of IVF:

Normally, an egg is fertilized in the woman’s reproductive tract. If the fertilized egg
transplants to the lining of the womb and continues to grow, a baby is born about nine months
later. This process is called natural or unassisted conception.

IVF is a form of assisted reproductive technology (ART). Special medical techniques
are used to help a woman become pregnant. It is most often tried when other, less expensive
fertility treatments fail.

There are five fundamental steps in the IVF practice :
Step 1. Stimulation, also called super ovulation
* Medicines, called fertility drugs, are given to the woman to boost ovulation.

* Normally, a woman produces one egg per month. Fertility drugs stimulate the
ovaries to produce several eggs.

* During this step, the woman will have regular transvaginal ultrasounds to examine
the ovaries and blood tests be conducted to check hormone levels.

Step 2: Egg retrieval

* A minor surgery, called follicular aspiration, is done to remove the eggs from the
woman's body.

X  The surgery is done as an outpatient procedure in the practitioner's office most of
the time. The woman is then administered with medicines to relieve the pain during
the procedure. Using ultrasound images as a guide, the practitioner inserts a thin
needle through the vagina and into the ovary containing mature eggs. The needle
is connected to a suction device, which pulls the eggs with the fluid, one at a time.

*  The procedure is repeated for the other ovary. There may be some cramping after
the procedure, but it will go away within a day.

* In rare cases, a pelvic laparoscopy may be needed to remove the eggs. If a
woman does not produce any egg, donated eggs may be used.
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Step 3: Insemination and Fertilization

*

The man's semen is placed together with the best quality eggs. The mixing of the
sperm and egg is called insemination.

Eggs and sperms are then stored in an environmentally controlled chamber. A
sperm fertilizes an egg a few hours after insemination.

The chance of fertilization is extremey low. In this case the sperm may be directly
injected into the egg. This is called intracytoplasmic sperm injection (ICSI).

Many fertility programs routinely practice ICSI on some of the eggs, although the
situation appears normal.

Step 4: Embryo culture

*

Following fertilization, the zygote undergoes cleavage and turns into an embryo.
A laboratory technician is supposed to check the embryo regularly to make sure
that it is growing properly. In 5 days time, a normal embryo having many actively
dividing cells is formed.

Couples who have a high risk of passing a genetic disorder to a child may consider
pre-implantation genetic diagnosis (PGD). The procedure is done about 3 to 4
days after fertilization. Laboratory scientists remove a single cell from each embryo
and screen its genetic material for specific genetic disorder.

According to the American Society for Reproductive Medicine, PGD can help
parents decide which embryos to implant. This decreases the chance of passing
a disorder onto a child. The technique is not offered at all centers since it may
raise ethical issues.

Step 5: Embryo transfer

*

Embryos are placed into the woman's womb 3 to 5 days after egg retrieval and
fertilization.

The physician inserts a thin tube (catheter) containing the embryos into the woman's
vagina and the through the cervix, up into the womb. The embryo will be transferred
into the womb and if an embryo implants in the lining of the womb and grows,
pregnancy is established.

More than one embryo may be placed into the womb at the same time, which will
lead to twins, triplets, or more. The exact number of embryos transferred is a
complex issue that depends on many factors, especially, on the woman's age.

Unused embryos may be frozen and implanted or donated at a later date.
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4.5.1.2 Advantages of IVF :

IVF is done to help a woman become pregnant. It is used to treat many causes of
infertility, including:

*  Advanced age of the woman

*  Damaged or blocked fallopian tubes

* Endometriosis

* Male infertility, including decreased sperm count and blockage

* Unexplained infertility

4.5.1.3 Risks and Disadvantages of IVF :

IVF involves a large quantium of physical and emotional energy, time, and money. Many
couples, inflicted with infertility problems suffer from stress and depression.

A woman taking fertility medicines may have bloating, abdominal pain, mood swings,
headache and other side effects. Many IVF medicines must be given by injection, often several
times a day. Repeated injections may cause bruising.

In rare cases, fertility drugs may cause ovarian hyperstimulation syndrome (OHSS).
This condition causes a buildup of fluid in the abdomen and chest. Symptoms include abdominal
pain, bloating, rapid weight gain (10 pounds within 3 to 5 days), decreased urination despite
drinking plenty of fluids, nausea, vomiting, and shortness of breath. Mild cases can be treated
with bed rest. More severe cases require draining of the fluid with a needle.

Risks of egg retrieval include reactions to anesthesia, bleeding, infection, and damage
to structures surrounding the ovaries, including the bowel and bladder.

There is a risk of multiple pregnancies when more than one embryo is placed into the
womb. Carrying more than one baby at a time increases the risk of premature birth and low
birth weight.

IVF is very expensive. Some, but not all, states have laws that spell that health insurance
companies must cover a defined part of the IVF expenditure. But, many insurance plans do not
cover infertility treatments. Fees for a single IVF cycle include costs for medicines, surgery,
anesthesia, ultrasounds, blood tests, processing the eggs and sperm, embryo storage, and
embryo transfer. The exact expenditure of a single IVF cycle varies, but may cost in the range
of 6-9 lakh rupees.

4.5.1.4 Post-IVF and Embryonic Transfer Recomendations :

After the embryo transfer, the woman may be adviced to take rest for the remainder of
the day. Complete bed rest is not necessary, unless there is an increased risk of OHSS. Most
women return to normal activities the next day.

Women, who undergo IVF are prescribed to take daily doses of progesterone for 8 to
10 weeks after the embryo transfer. Progesterone is a hormone produced by the ovaries that
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helps prepare the lining of the uterus for implantation. Less progesterone than the prescribed
dose during the early weeks of pregnancy may lead to a miscarriage.

About 12 to 14 days after the embryo transfer, the woman needs to return to the clinic
so that a pregnancy test can be undertaken.

The health care provider must be informed instantly, if the IVF and embryo transfer
beneficiary has :

*  Afever over 100.5°F (38°C)
* Pelvic pain
* Heavy bleeding from the vagina
*  Blood in the urine
4.5.1.5 Outlook (Prognosis) :
Statistics of success varies from one clinic to another.

* Pregnancy rates reflect the number of women who became pregnant after IVF.
But not all pregnancies result in live births.

* Live birth rate reflects the number of women who give birth to live babies.

According to the Society of Assisted Reproductive Technology (SART), the approximate
chance of giving birth to a live baby after IVF is as follows:

* 41% to 43% for women under the age of 35 years.

* 33% to 36% for women in the age group of 35 to 37 years.

*  23% to 27% for women in the age group of 38 to 40 years.

* 13% to 18% for women at the age of 41 years and more.
4.5.2 Zygote Intra-fallopian Transfer (ZIFT) :

Zygote Intrafallopian Transfer (ZIFT) is an infertility treatment used ,when a blockage in
the fallopian tubes prevents the migration of sperms to the egg. Eggs are removed from ovulating
woman's ovaries, and in vitro fertilised. The resulting zygote is placed into the fallopian tube by
the use of laparoscopy. The procedure is a spin-off of the gamete intrafallopian transfer (GIFT)
procedure. ZIFT has a success rate of 64.8%.

4.5.3 Gamete Intrafallopian Transfer (GIFT) :

Gamete Intrafallopian Transfer (GIFT) is an assisted reproductive technology to counter
infertility. Eggs are removed from a woman's ovaries, and placed in one of the fallopian tubes,
along with the man's semen. The technique, first attempted by Steptoe and Edwards and later
pioneered by endocrinologist Ricardo Asch, allows fertilization to take place the woman's uterus.
The zygote then implants and the woman becomes pregnant.
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SAMPLE QUESTIONS

GROUP - A
(Objective-type Questions)

1. Choose the correct answer :

(i)

(ii)

(i)

(iv)

v)

(Vi)

(vii)

(viii)

(ix)

The method of directly injecting a sperm into an ovum is assisted by reproductive
technology called :

(@ GIFT (b) ZIFT

(c) ICSI (d ET

Intensity lactating mothers do not generally conceive due to the :
(&) Suppression of gonadotropins (b) Hypersecretion of gonadotropins
(c) Supression of gametic transpat (d) Suppression of fertilization

Which is not a spacing method of family planning ?

(a) Natural method (b)  Terminal method
(c) Chemical method (d) Hormonal Method
Intrauterine devices (IUD) are not made up of :

(a) Plastic (b) Metal

(c) Rubber (d) Plastic and metal

Creams, Jelly and foam tablets are chemical contraceptions of which methods of
birth control ?

(@ IUb (b) Chemical method

(c) Hormonal method (d) Natural method

Which is not a constituent of chemical method ?

(a) Lactic acid (b) Boric acid
(c) Malic acid (d) Citric acid
Which is not a method of tubectomy ?
(@) Conventional transabdominal (b) Conventional laparotomy
surgery
(¢) Implants (d) Milaparatomy
In which type of pill, both oestrogen and progestin are present in nearly the same
amount ?
(@) Monophasic combined (b) Multiphasic combined
(c) Mini (d) Antiprogesteron

Which is not a type of Intrauterine device (IUD) ?
(@) Vaginal vault (b) Loops
(c) Spirals (d Ts
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()

(xi)

(xi)

(xiii)

Which is not a common type of Sexually Transmitted Disease (STD) ?
(@) Genital warts (b)  Syphilis
(c) Cancer (d) Gonorrhea

Which is a fertility treatment for men ?
(@) Intra Uterine Insemination (b) Erectile dysfunction
(c) Assisted hatching (d) In-Vitro fertilisation

Emergency contraceptive are effective if used within :
(@ 72 hrs. of coitus (b) 72 hours of ovulation
() 72 hrs. of menstruration (d) 72 hours of implantation

The correct surgical procedure as contraceptive method is :
(a) Ovariectomy (b) Hysterectomy
(c) Vasectomy (c) Castration

2. Fill in the blanks :

(i)
(ii)
(iif)
(iv)
v)
(vi)
(vii)
(vii)
(ix)
)

(xi)

(xii)
(xiii)
(xiv)
(xv)

(xvi)

The scientific study of human population is called

In India, the sex-ratio of 1:1 is found in

The common brand provided by family welfare services is
Fem shield is otherwisely known as female

Loops and bows are the type of

Copper Ts has a local ___ effect.

1 121

Sponge (Today) is a foam suppository or tablet containing _________ as spermicids.

The exampl of chemical contraceptive in the form of cream is

An antiprogesterone pill _______ is a single pill treatment for oral contraceptive.

The sterilisation produre in males is called —______ and in females is called

and _______ are combined injectable contraceptives.
Human _______ infection is a known cause of cancer of the cervix.
The method of preserving sperm in frozen condition is called
The monthly release of eggs is called
The ejaculatory duct obstruction is males is confirmed by
Fertility treatment with donor eggs is usually done using

3. Answer each of the following in one word or a few words :

(i)
(ii)

In which state of India, the sex-ratio is favourable for females ?

Which device provides protection against sexually transmitted diseases including

AIDS ?
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(i)  Which device prevents the entry of sperms into the uterus ?

(iv)  Which toxic substance is released by local antifertility effect of copper Ts ?
(v) What activities are caused due to hormone releasing IUDs ?

(vi) The chemical method of birth control absorbs what ?

(vi) STDs can be considered as self-invited diseases— comment.

(viii) Mention the primary aim of the “Assisted Reproductive Technology” (ART
prgramme.

(iX) What is the significance of progeteron-estrogen combination as a contraceptive
method?

(xX) Males whose testes fail to descend to the scrotum are generally infertile, why?

(xi) Name the process of bringing eligible couples under family planning measures.

GROUP -B
(Short Answer-type Questions)

1. Differentiate between the two words in the following paris :
(i) Vasectomy and Tubectomy
(i)  Spacing mehod and Terminal method
(i)  Chemical method and Natural method
(iv) Safe period and unsafe period

(v) Conventional vasectomy and Non-Scalpel vasectomy

2. Answer the following in one or a few sentences :
()  Mention the different barrier methods of family planning.
(i)  What are the different types of IUDs ?
(i)  Why copper Ts are to be replaced every 3-5 years ?
(iv) What changes occur in the endometridium due to invert I[UD contraception ?
(v) What are the hormone releasing 1UDs ?
(viy What are the different types of hormonal methods of family planning ?
(vii) What are the morning - after pills of oral contraceptive ?
(viii) Mention the different natural methods of birth control.
(ix) What are the different ways of tubectomy ?
(xX) What are the different diseases, which show no symptoms ?
(xi) What are the STDs in women, which show no symptoms ?
(xi) What is “Ectopic pregnancy” ?

(xiii) Name the different types of semen problems.
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GROUP - C
(Long Answer-type Questions)

Discuss the mode of action and advantages / disadvantages of harmonal contraceptives.
What are advantages of natural methods of contraceptive over artificial methods?

Why are the Assisted Reproductive Techniques practised to help infertile couples ?
Describe any three techniques.

Give an account of medical termination of pregnancy (MTP).

Discuss the spacing method and intra-uterine devices of family planning.
Give an account of risk factors of infertility.

Describe the various causes of infertility in women.

What is sexually transmitted diseases (STDs) ? Give an account of the prevention and
treatment of STDs.

How infertility in men and women can be diagnosed by tests ?

Describe the treatment options for infertility in men and women.

aaa



UNIT - Il : GENETIC AND EVOLUTION
CHAPTER

HEREDITY AND VARIATION “

Like begets like is an important and universal phenomenon of life. The living beings
produce offsprings of their own kind. The young ones resemble their parents and also with each
other; yet there are considerable variations amongst themselves. The people from different
parts of the world differ in appearance and people from one family have many characters in
common. These similarities and variations in characters pass from one generation to another.
The process of transmission of characters through generations is known as heredity. The
degree of differences among the offsprings, and between the offsprings and parents is known
as variation. The science dealing with the study of heredity and variation is known as genetics
(Bateson, 1905).

5.1 EARLY CONCEPT OF HEREDITY :

For many years, philosophers and scientists attempted to understand and explain the
science of heredity. Many ideas and views were put forward from time to time. Greek philosophers
suggested that “elements” from all the body parts of both the parents were passed directly to
the offsprings. Hippocratus called these reproductive materials as “Gonos”-meaning seeds.
Charles Darwin, (1868) proposed that all body parts of parents excrete microscopic granules
or “gemmules” which pass directly to the offsprings. All these views support that the characters
of the parents got mixed or amalgamated in the offsprings.

In 1760, Koelreuter, a German botanist carried out breeding experiment in two varieties
of tobacco plants and concluded that characters never got amalgamated in the offsprings. In
1790, T.A.Knight crossed two varieties of common garden pea (Pisum sativum) plants and
concluded that some characters appeared in more numbers than others in the offsprings.
John Goss, 1822, crossed two varieties of garden pea plants and found that the parental
characters again appeared when the hybrids were self pollinated. These experimental results
proved that, the earlier concept of mixing of parental characters in the offsprings was wrong.
The findings were further corroborated by Naudin in 1862. He commented from his breeding
experiments in garden pea that on repeated crossings of hybrids, the parental types appeared
in the offsprings showing that the hybrids contained the parental characters without mixing or
amalgamation, though they were not externally visible.

The first scientific study to understand the principle of heredity was carried out by an
Austrian monk Gregor Johann Mendel (Fig. 5.1) in garden pea plants. Though many workers
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had earlier conducted breeding experiments in pea plants they could not arrive at any conclusion.
Where others failed, Mendel succeeded as he planned and conducted his experiments in scientific
manner keeping all the mathematical records of his experiment and analyzing those statistically.
For his pioneering work in this field, he is known as the father of genetics. Born to a peasant
family in 1822, Mendel was educated in a monastery and went for higher studies in science and
mathematics to the University of Vienna. After his return from the University, he joined the
monastery of Brunn as a monk and spent the rest of his life there eventually becoming an
abbot. In the garden of the monastery, Mendel started his breeding experiments on pea plants
in the year 1856 and continued the experiments for eight years. He submitted his findings to the
Natural Society of Brunn in (1865) in a paper titled “Experiments in Plant Hybridization” which
was published in the Proceedings of the Society in 1866. His findings were not accepted by the
then scientific communities and Mendel died in 1884 perhaps considering himself a failure.
During his life time, Mendel did not receive the recognition for his work which he deserved. His
works were rediscovered in 1900 when three workers independently established Mendelism.
They were a Dutch, Hugo de Vries, a German, Carl Correns, an Austrian, Erich Von
Tschermark. After that, Mendel’s observations were divided into a fundamental generalization
and two laws of inheritance.

5.2 MENDELIAN INHERITANCE :
Mendel’s Breeding Experiment :

For his experiment, Mendel selected the same garden
pea plant which Knight and many others had studied earlier.
This choice was good for several reasons:

1. Pea plants are small and easy to grow. They have
relatively short generation time.

2. Flowers are bisexual and self pollinated. The sex
organs are very well enclosed within the flower.He
could allow the flowers either for self pollination or
cross-pollination as per the requirements of the Fig.5.1: G.J.Mendel
experiment. (1822 - 1884)

3. Many varieties of pea plants showing alternative forms of characters, (Tall plant
and Dwarf plant, Yellow or Green seeds) were naturally available. Mendel carefully
selected only seven pairs of contrasting or alternative characters (Fig. 5.2).

4, Many earlier breeders had produced hybrids by crossing different varieties of pea
plants with alternative characters. Hence, from the very beginning, Mendel expected
separation of characters in the offsprings.
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Working Methods :

(i) Mendel carefully carried out
preliminary investigations to
familiarize himself with
experimental specimens.

(i) He considered only one or a few
specific differences between the
plants used at a time and ignored
countless other differences. He only
considered the differences that could
be compared easily like the height
of the plant or colour of the
cotyledons etc.

(i) He took special care to avoid
undesirable cross-pollination.

(iv) He kept statistical records of all his
findings.

(v) He collected sufficient data for
analysis.

Mendel usually carried out his breeding

experiments in three stages :

1.

Obtaining Pure-lines: He allowed pea
plants of a given variety (say tall plants) to
produce progeny by self pollination for
several generations. By doing so, he
ensured that the progeny produced by a
tall plant are all tall plants. Such plants
which produce similar progeny for a
particular character are called pure-lines
or true breeding or pure breeding for that
particular character. For example, a plant
can be pure breeding or true breeding or
pure-line for tall or for round seed.

Bureau’s Higher Secondary, BIOLOGY (Class- XII)

Fig.5.2 : Contrasting charaters
selected by Mendel
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2. Hybridization : Mendel performed crosses between two varieties of plants showing
contrasting or alternative forms of characters such as tall plant and dwarf plant. For this
he removed male parts from the flowers of one plant which then was used as female
plant. The pollens from the other plant were then dusted on the stigmas of the female
plants. After pollination, all the flowers of the female plants were covered to prevent
unwanted cross-pollination . The pollen contributing plant was considered as male plant.
Then he repeated his experiment by reciprocal cross where he used the pollen
contributing plant as female and the other plant as male. For example, in the first case
he used tall plant as male and dwarf plant as female and then in the reciprocal cross he
used tall plant as female and dwarf as male. In both the crosses, he obtained the same
results. The offspring and seeds of such crosses (hybridizations) constituted the first
filial generation or F1-generation.

3. Selfing: In the third and final stage, Mendel allowed the hybrids of F1-generation to self
pollinate. The offsprings and seeds produced from the F1-generations constituted the
second filial generation or F2-generation. The original plants used in the hybridization
were denoted as P1 and P2.

5.2.2 Mendel’'s Findings :

The alternative forms of characters studied by Mendel had only two variants those were
easy to identify and score. In one set of experiments, he considered only one pair of contrasting
characters and ignored all other differences. The cross in which only one pair of alternative
characters is taken into consideration is known as monohybrid cross. In another set of experiment,
he considered the inheritance pattern of two pairs of contrasting characters. This type of cross
where two pairs of alternative characters taken into consideration is known as dihybrid cross.

5.2.3 Monohybrid cross :

When Mendel crossed a true breeding tall plant with the dwarf plant the F1-plants were
all tall. Then, he subjected the F1-tall plants to self pollination and in the F2-generation, the tall
and dwarf plants appeared in the ratio of almost 3:1. Then individual plants of F2-generation
were self pollinated and F3-generation was raised. In F3, all the dwarf plants produced only
dwarf plants; the dwarf plants were thus true breeding. Out of the tall plants two third tall plants
produced tall and dwarf plants in the ratio of 3:1. Hence, two third tall plants were not true
breeding. The rest one third tall plants of F2 produced only tall plants; which means that they
were true breeding. The same results were obtained in reciprocal crosses and also with all the
seven pairs of alternative forms of characters.
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Parental generation P1 Pure Tall X P2 Dwarf

\/

First Filial Generation (F1)

Hybrid (Tall)
Second Filial Generation (F2) 3 Tall : 1 Dwarf
Third Filial Generation (F3) Tall Tall & Dwarf Dwarf
1/3 2/3 All

(Mendel’s Monohybrid Cross)

Explanation: Mendel's monohybrid cross suggested that, in F1-generation out of the
two alternative characters (Tall and Dwarf) only one (Tall) is expressed and the other(Dwarf) is
masked. The character which appeared or expressed in the F1l-generation (Tall) is called
dominant and the character which was masked or suppressed (dwarf) is called recessive. In
F2-generation the dominant and recessive (Tall and Dwarf ) appeared in the ratio of 3:1. But, in
the F3-generation, it became clear that the F2 ratio of 3:1 is actually 1:2:1 as one third of the
total population of F2 are pure tall, two third are hybrid tall like that of F1 and rest one third are

dwarf.

In order to keep the records of the crosses Mendel used certain symbols for each pair
of alternative characters. He used english capital letters for dominant characters and small

letters for recessive characters as given below:
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Characters Dominant Recessive
Seed shape Round (R) Wrinkled (r)
Seed colour Yellow (Y) Green (y)
Pod shape Full (F) Constricted (f)
Pod colour Green (G) Yellow (g)
Flower/Pod position Axial (A) Terminal (a)
Seed coat colour/ Red/Violet(R/V) white (r/v)
Flower colour

Plant height Tall (T) Dwarf (t)
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According to Mendel a character is inherited by “elemente” or factors. Thus a diploid
organism contains a pair of factors for a character. A pure breeding tall plant, therefore,
contains two similar factors for tallness as “TT"and a pure breeding dwarf contains “tt”. Such
offsprings containing two similar factors for a character are called homozygous. The hybrid
tall is “Tt” and is called heterozygous tall. The morphological expression of a character is
called phenotype and the internal factors (now known as genes) responsible for such
expression is called genotype. A tall phenotype can have TT or Tt genotypes. The dwarf
phenotypes have (tt) genotype only. One can now represent Mendel’s monohybrid cross as

follows:
Parents S, TT Tall X
Gametes T
F1-Generation Tt
(Hybrid Tall)
Gametes 0/ d T t
TT Tt
F2-Generation T | Puretall Hybrid tall
Tt tt
t | Hybrid tall Dwarf

Phenotypically-tall: dwarf:: 3:1 ; Genotypically-pure tall: hybrid tall: dwarf :: 1:2:1

Dwarf
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The two Mendelian factors which determine the character of diploid organism can be
called as alleles. Thus a homozygous tall plant carries two similar alleles (TT) and heterozygous
tall plant carries two different alleles (Tt).

Basing on the observations of Mendel, the German scientist Carl Correns formulated
certain principles of heredity. These, now known as Mendel’s Laws of Inheritance, are as
follows:

1. Principle of dominance.
2. Principle of segregation or purity of gametes.
3. Principle of independent assortment.

Out of these three principles the first two are based on monohybrid crosses and the last
one is based on dihybrid crosses.

5.2.3.1 Principle of dominance :

When two homozygous parents for two contrasting characters are crossed a hybrid
results in F1-generation.This hybrid shows only one of the two alternative characters in its
phenotype. Hence in a heterozygous, having a copy each of both types of alleles, only one is
able to express its phenotypic effect.This is known as the dominant factor or dominant allele.
The other factor or allele whose effect is completely masked or suppressed is known as recessive
factor or allele. The phenotypic effect of recessive allele is seen in the F2-generation when the
recessive alleles occur in homozygous form. Thus characters pass from parents to offspring in
particulate forms as factors without mixing or amalgamation.

5.2.3.2 Principle of segregation :

In any diploid organism the two factors of a given character remain together without
mixing and keeping their identity distinct. At the time of gamete formation, the two factors or
alleles segregate and a gamete receives only one of the two factors of any character randomly
as per the principle of probability. As the gamete receives only one allele of a character, the
gamete is said to be pure for a character and the principle is also known as purity of gamete.

5.2.3.3 Dihybrid cross :

A cross where two pairs of alternative characters are considered for study is known as
dihybrid cross. Two traits or characters such as shape of the seed and colur of the seed can be
considered together to understand the dihybrid cross.In these two pairs of alternative characters
round seed(R) is dominant over wrinkled seed(r) and yellow seed(Y) is dominant over
green(y).Like the monohybrid cross, Mendel selected pure breeding plants for both the traits
for the cross. Thus true breeding plants having round and yellow seed(both dominant) was
crossed with plant having yellow and wrinkled seed (both recessive).
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X
P, - Parental Generation O”/o+ P_- Parantal Generation O/
Pure Round Yellow Pure Wrinkled Green
RRYY rryy
F1-Generation Hybrid

Round Yellow (RrYy )

F2-Generation 9 Round 3 Round 3 Winkled 1 Winkled
Yellow Green Yellow Green

(Mendel’s Dihybrid Cross)

In this dihybrid cross the F1 plants were all having round and yellow seeds. Then after
selfing in F2 generation parental as well as different combinations appeared in the following
ratios:

Plants with round yellow seeds — 9

Plants with round green seeds — 3

Plants with wrinkled yellow seeds — 3

Plants with wrinkled green seeds — 1

The phenotypic ratio of the dihybrid cross is 9:3:3:1

Explanation: Taking the genes or factors as the bases of characters or traits and
assigning each factor a symbol the dihybrid cross can be explained by chequer board or
Punnet square as below :

Parental Generation True breeding X True breeding
Round Yellow Wrinkled Green
RRYY rryy
Gametes RY ry
F1 Generation RrYy (Hybrid Round Yellow)

l Selfing



132 1 Bureau’s Higher Secondary, BIOLOGY (Class- XII)

F2 Generation

RY rY R r
O+/o’ y y
RY RRYY RrYY RRYy RrYy
Round Round Round Round
Yellow 1 Yellow 2 Yellow 3 Yellow 4
ry RrYY ryy RrYy rryy
Round Wrinkled Round Wrinkled
Yellow 6 Yellow 1 Yellow 6 Yellow 2
Ry RRYy RrYy RRyy Rryy
Round Round Round Round
Yellow 7 Yellow 8 Green 1 Green 2
ry RrYy Yy Rryy rryy
Round Wrinkled Round Wrinkled
Yellow 9 Yellow 3 Green 3 Green 1

In this dihybrid cross four types of plants appeared in the F2 generation which is two

more than the parental types. The genotypic ratio can be grouped into four categories considering
the principle of dominance as follows:

R-Y -group-9 Round Yellow phenotypes
rr-Y —group - 3 Wrinkled Yellow phenotypes
R —yy — group - 3 Round Green phenotypes
rr-yy —group - 1 Wrinkled Green phenotypes
The factor or allele for round (R) seed is dominant over wrinkled (r) seed. Similarly,
Yellow colour (Y) is dominant over green colour (y).In the F2 generation of the dihybrid cross,

each pair of dominant and recessive factors are inherited independently as if the other pair
does not exist at all. This can be verified from the following example :

Number of plants with seeds having yellow colour = 9+3=12
Number of plants wth seeds having green colour = 3+1 =4
Hence the F2 ratio of Yellow : green is 12:4 or 3:1

Similarly, number of plants with round seeds = 12

Number of plants with wrinkled seeds = 4

Hence the F2 ratio of Round : wrinkled seeds =12:4 or 3:1

Though the factors for both the characters are present together, their inheritance ratio

is the same as the monohybrid cross.This proves that characters are inherited independent of
each other.
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5.2.3.4 Principle of independent assortment :

As shown in the above results, law of independent assortment states that in a cross
between parents with two or more contrasting characters, the inheritance or one pair of contrasting
character is independent of the other pair of such characters. The two characters are transmitted
independently. Thus, the two factors for seed colour (Y and y) and the two factors for shape of
the seed (R and r) present together in the F1 hybrid assort independently and randomly during
gamete formation so that a gamete contains only one of the two factors of a character. As a
result, four types of gametes are formed,viz. RY, Ry,rY and ry. These four types of gametes
unite randomly as per probability to give rise to four types of F2 offspring. Hence, inheritance of
two or more factors or genes is independent of each other. However, it is now well established
that genes or factors located very close to one another on the same chromosome are linked
and are not assorted independently. Only those factors or genes located on different
chromosomes or on same chromosome but distantly apart from one another assort
independently.

5.2.3.5 Back Cross :

Back cross is a cross between the F1 hybrid with any one of the homozygous parents.
When F1 hybrid is crossed with the homozygous dominant parent then all the offspring will be
with dominant phenotype.

Parents TT X tt
F1 hybrid Tt (hybrid Tall)
Back Cross Tt X TT (homozygous dominant parent)
Gametes T t T
F2 TT V homozygous dominant
Tt heterozygous dominant

Phenotypically all plants in F2 are tall.

When F1 hybrid is crossed with recessive parent, both dominant and recessive phenotypes
appear in equal proportion.
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Parents TT X tt
F, hybrid Tt (hybrid Tall)
Back cross Tt X tt ( recessive parent )
A \,
Gametes T t t
F, Tt (heterozygous tall)
tt (dwarf)

tall : dwarf :: 1 : 1 (phenotypic ratio)
5.2.3.6 Test Cross :

This cross is actually a back cross employed to know the genotype of the dominant
phenotype. A dominant phenotype can be a homozygous dominant (TT) or heterozygous
dominant (Tt). If a dominant phenotype with unknown genotype is crossed with a recessive
one, then the cross is known as test cross. After crossing if the F2 gives all dominant phenotypes
then the test plant is a homozygous dominant. If the F2 gives equal proportion of dominant and
recessive phenotypes then the test plant is a heterozygous dominant. This was a powerful tool
employed by Mendel to know the genotypes of dominant phenotypes.

The test cross can also be employed for a dihybrid cross to know an unknown genotype.
When an unknown genotype for round seed with yellow cotyledon is crossed to its double
recessive parent (wrinkle seed and green cotyledon), the offspring may be either all with round
seed and yellow cotyledon, or with phenotypes round yellow, round gree, wrinkled yellow and
wrinkled green in the ratio of 1:1:1:1. The former result will indicate the unknown genotype to be
homozygous for round and yellow (RRYY), while the later to be heterozygous for round and
yellow (RrYy) characters. This is explained as follows:

Round Yellow Wrinkled Green (Double recessive)
RRYY 1 rryy

Gametes RY RY

ry RrYy RrYy

Ry RrYy RrYy

All are round and yellow
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Round Yellow

RrYy

— X
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Wrinkled Green (Double recessive)

rryy

Gametes RY Ry ry ry
ry RrYy Rryy rryy rryy
Round yellow Round green Wrinkled yellow | Wrinkled gree
Ratio 1 1 1 1

5.3 DEVIATIONS FROM MENDALISM :

In all his experiments, Mendel observed that the homozygous dominant as well as
heterozygous genotypes were showing the same phenotypes. This meant, in a paired allele
controlling alternative forms of characters, one allele is completely dominant over the other in
its expression. Subsequently, workers discovered that such a simple dominant-recessive
relationship was not always true. Some case studies revealed intermediate phenotypes in the
heterozygotes and some heterozygotes even had the equal expression of both the alleles.
These findings laid to establish the concepts of incomplete dominance and codominance
respectively. Further it was observed that one character might be controlled by more than one
gene (polygenic inheritance) and one gene might control more than one characters(Pleiotropic
effect).

5.3.1 Incomplete Dominance :

Incomplete or partial or mosaic dominance is the phenomenon where there is absence
of complete dominance so that in the heterozygote condition, an intermediate phenotype is
observed. The F1 hybrid shows intermediate character of the two alternative forms. This is not
a blending or mixing of characters as the F2 again shows the parental types. Carl Correns, for
the first time reported incomplete dominance in the petal colour inheritance of Mirabilis jalapa
(Four O’ Clock plant).In Mirabilis jalapa and Antirrhinum majus (Snapdragon or Dog flower), the
cross between red and white flower varieties yielded all pink flowered F1 hybrids. In F1 hybrids,
neither the red nor the white trait was dominant rather the hybrid showed intermediate colour.

This can be explained by using genetic symbols. The pure red (RR) is crossed with pure
white (rr). Both the forms produce only one type of gametes, i.e., either R or r. The F1 receives
one R allele and one r allele and is heterozygote (Rr).
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Parental RR rr
Generation Red White

cametes i \X/r

F1-generation Rr
(Pink)
Gametesr R r
R RR Rr
Red Pink
" Rr rr
Pink White

F, Generation

Here each parent is diploid and thus receives two alleles for petal colour. In red flower
variety, the parent has two functional alleles (RR), both producing mRNA for the translation of
necessary enzymes involved in the synthesis of red pigments. In pink hybrids, only half of the
MRNA are transcribed by the only functional allele(R), so insufficient red pigments are synthesized
and the flower becomes pink (intermediate). In white flower plants, both the alleles are defective.
So no red pigments are synthesized. The defective allele may give rise to defective proteins or
even may not be transcribed at all due to defect in the promoter.

5.3.2 Co-dominance :

Co-dominance is a condition in which both alleles of a gene pair in a heterozygote are
fully expressed, with neither one being dominant or recessive to the other. In incomplete
dominance, on the other hand, the quantitative interaction of allele products produces an
intermediate phenotype, as has already been described. For example, in co-dominance, a
cross between a homozygous red flowered plant and a homozygous white flowered plant will
produce heterozygote offspring (F1 generation) which produce flowers with distinct red and
white spots. When plants of F1 generation are self-pollinated, the phenotypic and genotypic
ration of F2 generation will be 1:2:1 (Red:Spotted:White). Another typical example showing co-
dominance is the ABO blood group system in human beings. An individual having A allele and
B allele has a blood type AB because both A and B alleles are co-dominant with each other.
Here allelic products of both A and B co-exist in the phenotype. More information about blood
type is discussed under ‘Multiple alleles’.
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The distinction between incomplete dominance and co-dominance is often not easily
appreciated. For example, Andalusian fowls show incomplete dominance. There are two pure
forms of fowls as black feathered and white feathered. A cross between these two forms produce
FI hybrid which is blue feathered.F2 generation offspring are in the ratio of pure black: hybrid
blue: pure white (1:2:1). Careful observation reveals that the blue feathered hybrid fowl is actually
fine mosaic of distinct black and white areas that appear to be blue, which means that both the
alleles are expressed in the heterozygote and it is a case of co-dominance.

5.3.3 Multiple Allelism and Inheritance of Blood Groups :

Alleles are alternative forms of a gene. In any diploid organism two copies of a particular
gene occur one each on the homologous chromosome occupying the same loci. The alternative
forms of a gene arise due to mutation in the original or wild gene. In some cases there may not
be any alternative forms at all. Mutation that completely eliminates a gene is called a null
mutation. But sometimes the mutation may not have any effect at all. This type of mutation is
known as silent mutation. Null mutation or any other kind of mutation that impedes gene
function but does not eliminate it completely result in loss of function gives rise to alternative
allele. Thus it is possible that mutation can occur in different directions in a wild gene to give rise
to many alternative alleles. More than two alternative forms of a gene present on the same
locus are known as multiple allelism.

But one should remember that a single organism can have only two alleles. Multiple
alleles occur in a population. Further in case of multiple alleles, different pairs of alleles may
show different dominant-recessive relationships. Some may be completely dominant over others,
some incompletely dominant and some may be co-dominant.

There are many examples of multiple allelism. The gene for coat colour in rabbit has
four alleles and human blood group gene has three alleles. An extreme example is the wild
gene controlling eye colour in Drosophila. So far over 100 different alleles of this gene have
been identified.

Characteristic feature :
1. There are more than two alleles of a gene in a population.

2. Any diploid individual contains only two alleles as a chromosome contains only one
allele of the group.

3. Multiple alleles occupy the same locus on a chromosome or its homologous chromosome.
4, There is no crossing over between the members of a multiple alleles group.
5. The wild allele whose mutations give rise to the multiple allele series may be always the

dominant alleles and the mutant alleles may show co-dominance, partial dominance or
even complete dominance among themselves.
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Human gene that determines the blood group is an example of multiple allelism showing
both complete dominance and co- dominance among the alleles. It is important to note that co-
dominance is a case where both the alleles of a heterozygote have equal phenotypic
expressions.There are four different blood groups found in human population. These are A, B,
AB and O. The different blood groups are defined by the presence of different antigens on the
surface of the erythrocytes. The genes responsible for producing these cell surface antigens is
called I. This gene has three alleles: I*, 1Band I°i. 1* and I® are codominant, and both are
dominant over I°/i. I* encodes an enzyme that adds galactosamine to the surface of RBC. I®
encodes the enzyme that adds galactose to the surface of RBC.I° or i code a protein that does
not add any sugar to the cell surface of RBC. The different combinations of three alleles produce
four different phenotypes:

1. Blood group A individuals are either IAI* homozygotes or 1) heterozygotes. They have
only galactosamine added to the cell surface of RBC.

2. Blood group B individuals are either 1Bl homozygotes or 18 heterozygotes. They have
only galactose added to the cell surface of RBC.

3. Blood group AB individuals have both sugars added to the surface of RBC and they
are always I*I® heterozygotes.

4, Blood group O individuals have neither sugar added to the surface of RBC and are
always homozygotes ii/l°l°

The four different cell surface phenotypes are called ABO blood groups. If type Areceives
blood transfusion from type B then recipient’s immune system identifies the “foreign” antigen
galactose on RBC of received blood and attacks donated blood cells causing agglutination or
clumping. The same thing happens if type B individual receives blood from type A individual.
This also happens if donated blood is type AB to either type A or B. If the donated blood is type
O then no agglutination occur as the RBC in this case has no cell surface antigen. Therefore, O
group is considered as universal donor. However, AB individuals can receive blood from type
A, type B as well as type O. But for this another factor called Rh should match between recepient
and donor. Rh negative (-) cannot receive from Rh possitive (+). Hence O (negative) is universal
donor and AB” (positive) is universal acceptor.

Another example of multiallelism is the coat colour gene in rabbit. The gene for coat
colour has four alleles: wild type C*, Chinchila C¢", Himalayan C" and Albino C. The wild type is
dominant to all other alleles. The Himalayan allele is dominant to albino but recessive to all
other. Chinchila is partially dominant to Himalayan and completely dominant to albino but
recessive to wild.
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5.3.4 Pleiotropy :

Gregor Mendel, during his hybridization experiments in pea plant, made several
interesting observations regarding the colour of various plant components. He noticed that
plants with coloured seed coats always had coloured flowers and coloured leaf axils. He also
observed that pea plants with colourless seed coats always had white flowers and no pigmentation
in their axils. Mendel gave no explanation for these observations. But his results indicate that a
single gene controls more than one trait. The phenomenon of a single gene contributing to
multiple phenotypic traits is called as pleiotropy. In Mendel's pea plant, the seed coat colour
gene was not only responsible for seed coat colour, but also for flower and axil pigmentation.

The term pleiotropy is derived from the Greek words pleio, which means “many”, and
tropic, which means “affecting”. Genes that affect multiple, apparently unrelated, phenotypic
traits are called pleiotropic genes.

One of the most widely cited examples of pleiotropy in humans is phenylketonuria. This
genetic disorder is caused by the deficiency of the enzyme phenylalanine hydroxylase, which is
necessary to convert the essential amino acid phenylalanine to tyrosine. As a result, phenylalanine
accumulates in all body fluids because it cannot be converted into tyrosine, and tyrosine is less
available to meet body’s requirements. Phenylalanine is then converted into phenylpyruvate
which is a major problem in phenylketonurics. Almost all untreated phenylketonurics are severely
mentally retarded. Tyrosine is needed not only for general protein biosynthesis, it is also a
precursor for several neurotransmitters (e.g., dopamine, norepinephrine), the hormone thyroxine,
and the pigment melanin. Thus, mutations in any one of the genes that affect tyrosine biosynthesis
or metabolism also affect multiple body systems. Pleiotropy reflects the fact that any genetic
change that alters gene expression or function can potentially have wide-ranging phenotypic
and physiological effects in a variety of tissues.

5.3.5 Polygenic Inheritance :

Mendel’s laws of inheritance give us basic ideas of inheritance of characters from
parents to offsprings. But this inheritance refers to qualitative characters only i.e. traits which
are easily classified into distinct phenotypic categories. For example, we find in Mendelian
experiments, how many of the plants became tall or dwarf and how many had yellow cotyledons
or green cotyledons etc. The number (of plants) refers to a qualitative trait of the plant but does
not let us know “how tall” or “how much yellow” the characters are. Such phenotypic categories
are under the control of one or very few genes with little environmental modifications to obscure
the gene effect. In contrast to this, the variability observed in many crop plants which fail to fit
into separate phenotypic classes but forms a spectrum of phenotypes. Technically speaking,
the phenotypic classes exemplify “discontinuous variability” and the spectrum of phenotype
illustrate continuous variability. Characters such as grain weight, yield per acre, milk production,
egg production are quantitative or metric traits with continuous variability. The basic difference
between qualitative and quantitative traits involves the number of genes contributing to the
phenotypic variability and the degree to which the phenotypes are modified by environmental
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factors. Quantitative traits are generally governed by a large number of genes each contributing
to the trait. The contribution of each such gene is so small to the phenotype that the individual
effects cannot be detected by Mendelian methods. The number of genes affecting a single
traits are together called ‘Polygenes’. Generally speaking ,the guantitative characters are
influenced more by the environmental factors than by the polygenes.This makes the study
complicated much beyond the simple Mendelian genetics. To make the task easy, geneticists
use statistics to arrive at definite conclusions on inheritance pattern in a given environment and
to determine the magnitude of the genetic and environmental components to the phenotypic
variability.

MAJOR DIFFERENCES BETWEEN

Qualitative Inheritance Quantitative Inheritance

01. Characters of Kind 01. Characters of Degree

02. Discontinuous variation 02. Continuous variation

03. Single gene effects visible 03. Single gene effects not seen

04. Analysis is rather simple 04. Analysis needs appropriate satistical
method and mostly complicated.

Multiple gene model, developed by the Swedish geneticis Nilsson-Ehle in 1910 to explain
inheritance of kernel colour in wheat is treated as a classical example of a bridge between the
two types of inheritance pattern.

When he crossed a red strain to a wheat strain, he observed that F, plants had light red
wheat and in F, approximately 1/16 were red and 1/16 were white and the others showed a
gradation from one extreme to the other. He interpreted these results in terms of two genes but
each with a pair of alleles exhibiting cumulative effects.

P : R R R,R, X rrrr,
(Red) (White)
F ; R.rLR.,
(Light Red)
F, : RRRR, RRR,, R,RMT, R, M, T,
RNRR, RrR, rnR,r,
rnLRR,
(Red) (Medium) (Light Red)  (Very Light) (White)

red red
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The presumption is that each of the R1 or R2 (dominant) adds to the redness of the
kernel in the phenotypes so that the phenotype with neither of these alleles turned out to be
white. The F 2 distribution is an expression of (a+b)4 where a =b="/,

These multiple gene models help us understand the origin of continuous variation
characterizing truly quantitative traits. But, it should be remembered that environment does
modify the phenotypes to different degrees in different systems. So, it is important to discount
the environmental effects from the observed inheritance pattern to assess if heritability of
guantitative trait is high. These findings help plant breeders in their selection methods.

5.4 CHROMOSOMAL BASIS OF INHERITANCE :

The knowledge on the behaviour of chromosomes during mitosis and meiosis helped to
advocate chromosomal basis of inheritance. In 1900, Mendelism was reestablished by three
workers, namely Hugo de Vries, Correns and Tschermark. Correns coined the term factors for
hereditary unit, Which Mendel referred as “elemente”. An American graduate student,
Walter.S.Sutton and a German biologist, Theoder Bovery observed close parallelism between
the Mendelian factors and the behaviour of chromosomes during gamete formation and
fertilization. Basing on their observations, Sutton and Bovery in 1902 independently put
forward the chromosomal basis of inheritance. The parallelism between chromosomes and
Mendelian factors are summarized below:

Chromosomes Mendelian Factors

1. Chromosomes occur in homologous Mendelian factors also occur in pairs
pairs in the diploid organisms. in diploid organisms.

2. During gamete formation(meiosis) Mendelian factors also segregate
homologous chromosomes separate. during gamete formation.

3. Each gamete receives only one Each gamete receives only one of
of the two chromosomes of a the two alternative factors.

homologous pair.

4. After fertilization, in a diploid cell, After fertilization, Mendelian
chromosomes again occur in two sets; factors also occur in pairs, one
one contributed by father and the each contributed by father and
other by mother. mother.

The chromosomal basis of inheritance advocates that Chromosomes are the bearer of
hereditary units or genes. As chromosomes occur in pairs, each pair of Mendelian factors is
carried by a pair of chromosome separately. The Mendelian factors or genes have specific loci
on chromosomes. Factors segregate due to the segregation of chromosomes during meiosis
Later on, in 1909, Johannsen coined the term gene for Mendelian factor. The two alternative
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forms of genes occur in two homologous chromosomes and corresponds to the same loci on
the two homologous chromosomes.

5.5 LINKAGE AND CROSSING-OVER :

Several experiments involving dihybrid crosses, are found to deviate from the Mendel's
ratio of 9:3:3:1. Mendel was lucky to deduce the principle of independent assortment because
the chosen traits (contrasting pairs of characters) were present on separate homologous sets.
Deviations from dihybrid cross ratio are due to lack of independent assortment of chosen
characters (traits). The pairs of characters (traits) are somehow coupled and do not assort
independtly. It is reasonable to predict that such traits are present on the same chromosome.
Traits (genes) present on the same chromosomes are said to be linked. All genes on a
chromosome form linkage group. The chromosome having set of genes generally pass to a
gamete. So genes belonging to a linkage group do not show independent assortment.

The phenomenon of linkage was demonstrated by T.H. Morgan in 1910. Morgan
conducted a test cross between heterozygous grey bodied and long winged Drosophila (fruit
fly, n = 4) and homozygous recessive black bodied and vestigial winged fly. The following result
was obtained :

Phenotype Per cent of occurrence
(i)  Grey body long wing 41.5
(i)  Black body vestigial wing 41.5
(i)  Grey body vestigial wing 8.5
(iv) Black body long wing 8.5

The above results do not follow the possible outcomes of the test cross as shown by
Mendel.

If the trait, grey and black body were on one chromosome of a homologous pair and the
trait, long and vestigial wing on a different chromosomes of the same homologous pair, they
would show independent assortment producing the following result.

Phenotype Per cent of Proportion
occurence

()  Grey body long wing 25 1

(i)  Grey body vestiged wing 25 1

(i)  Black body long wing 25 1

(iv) Black body vestigial wing 25 1
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If both the traits [body colour (black and grey)] and [wing length (long and vestigial) are
present on the same pair of homologous chromosomes (i.e. they are linked) the result would be

theoretically as follows.

Phenotype Per cent of Proportion
occurence

Grey body long wing 50 1

Black body vestigial wing 50 1

These theoretical assumptions can be illustrated by assigning the alphabets G & g for
grey and black body colours and L & | for long and vestigial wings, respective and analysing the
result of the test-cross through chequer board as follows :

Case | : G and L are on different homologous chromosomes.

Test cross
Phenotype Grey body X Black body
Long wing Vestigial wing
G PP a9t AR
Genotype GgLl (heterozygous) ggll (homozygous)
v
9 Gl
ggll 9 GL Gl gL Gl
gl GglLl Gall ggLl gall
Grey body Grey body Black body black body
Long wing Vestigial wing Long wing Vestigial wingg
Proportion 1 1 1 1

In other words, the ratio of 1:1:1:1 would indicate that the two genes, G and L, are on
different homologous chromosomes.
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Case Il : G and L are on same chromomsomes.

Test cross
Phenotype Grey body X Black body
Long wing Vestigial wing
G@®g g g
L I I I
Genotype GgLl (heterozygous) ggll (homozygous)
v
Gametes
of G g
Gametes
of L I
gall
g G g G g
I L I L I
Grey body Black body
Long wing Vestigial wing
Proportion 1 1

In other words the 1:1 ratio would indicate that G and L are presentin same homologous
pair of chromosome :—

The deviation of the result from the theoretical predictions allows to postulate that both
the traits are present on the same chromosome i.e. they are linked. The alleles of the traits
(genes) are exchanged during meiosis in which homologous chromosomes undergo a process
of synapsis (pairing) and exchange of fragments (Fig. 5.3) explaining the phenomenon of crossing
over. Due to the exchange of the chromosomal fragments, two types of gametes result, one
having normal parental combination (parental) and other having recombination (recombinants)
(Fig. 5.4) Such gametes fuse and produce offspring of normal type and recombinant type. The
experimental result of Morgan can be explained through crossing over and appearance of
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(@
Centromere
Chromatid
Chiasma
Centromere
(@)

Fig. 5.3 : Crossing over and chiasma formation in paired homologous chromosomes
(a) as seen under microscope, (b) its schematic presentation.
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Paternal chromosome

Maternal chromosome
homologous pair

Chiasma

Crossing over with chiasma formation
between homologous chromatid
segments. Break and rejoining results
in exchanged homologous chromatid
segments

Following meiosis Il, four types of
haploid gametes are formed, with two
parental and two new combinations of
the alleles of the genes.

Fig. 5.4. : Recombination of the alleles of two genes due to crossing-over. Four allelic combinations are
formed (AB, Ab, aB and ab). In the absence of crossing over only two parental combinations of alleles
(AB, ab) would be produced.
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Test cross phenotypes Grey body Long wing « Black body Vestigial wing
(heterozygous) (homozygous)
G g g g
Test cross genotypes (zn)
L I I I

GO G 909
Meiosis
(showing crossing-over) L@®L | ® |
Gametes (n) @ ’ ' X ‘

G g G g g g g g
Offspring gemotypes (2n)
L I I I L I I I
b,
] T
" Recombinat genotype (x) .
_"v"_

total genetypes (y)

Fig. 5.5 : Genetic expression of crossing over and appearance of recombinants
for the cited Morgan’s experiment.

recombinant genotypes (Fig. 5.5). Most of the breeding experiments involving linkage, produce
two types of offsprings. Two parental combinations, having an approximately equal proportion,
are much more than the two recombinants, also in equal proportion.

Two or more genes are said to be linked when recombinant phenotypes with new gene
combinations occur less frequently than the parental phenotypes. Traits present on the same
chromosome, but do not show the production of recombinants in breeding experiment are said
to the completely linked (complete linkage). This is a rare phenomenon. Generally recombinant
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types are produced with different proportions. If the proportion is high, then the linkage distance
between genes (traits) is also high or vice versa.

The production of recombinant types of offspring in breeding experiments is an outcome
of crossing over which is observed as chiasma in Prophase | of meiosis. The major source of
genetic variation within populations is crossing over.

Genes on one chromosome do not show complete linkage due to the occurrence of
crossing over. It yields recombinants. The frequency of occurrence of recombinants is known
as recombination frequency or crossover values or crossover frequency. The recombination
frequencies observed for different genes or a chromosome suggest that such genes are linearly
or arranged on that chromosome. Moreover cross over values reflect the relative position of
genes on a chromosome. More is the recombination frequency between two genes, more apart
they are or vice versa. This is becuase if the relative position of two genes on a chromosome is
more then there is a more chance of crossing over between these two genes.

If A, B and C are three genes present on a chromosome linearly (Fig. 5.6) the crossover
or separation of genes is more likely to occur between A and C than between B and C or Aand B.

A B C

C D

Fig. 5.6 : Achromosome showing gene loci A, B and C

The formula used to calculate recombination frequency is

Number of Individuals
showing recombination

Recombination frequency = x 100
Number of offspring

Calculation of recombination frequencies for linked genes enable to produce genetic
linkage map on a chromosome. This shows the relative position of genes on a chromosome. If
recombination frequencies betweenAand B, Band C,and Aand C are 5, 6 and 1 1 respectively,
then the gene loci for A, B and C will be as follows (Fig. 5.7)

| |
. I I
Gene loci A 5 B 6 C

Recombination = ~— —
frequency | I |

Fig. 5.7 : Position of gene loci on chromosome
The distance between genes in constructed gene map is expressed as map unit. It is
also expressed as Morgan unit.
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SAMPLE QUESTIONS

GROUP - A
(Objective-type Questions)

1. Answer the questions from the choices given under each bit :

(i)

(ii)

(iii)

(iv)

v)

(i)

(vii)

The experimental plant material used by Mendel was :

(@) Cow pea (b) Garden pea

(c) Wild pea (d) Sweet pea

Which of the following characters is not among the seven characters considered by
Mendel for his hybridization experiments?

(a) Seed colour (b) Pod shape
(c) Flower position (d) Flower shape

Which law Mendel would not have proposed, if the phenomenon of linkage was
known to him?

(&) Law of unit character (b) Law of dominance
(c) Law of segregation (d) Law of independent assortment

The number of genotypes produced in F2 generation in Mendel’s monohybrid cross
was:

(@ 1 (b) 2

(c) 3 d 4

In which of the crosses, half of the offspring show dominant phenotype?

(@) TtXTt (b) TTXtt

(c) TtXtt (d TTxXTT

Two alletic genes are located on the :

(@) Same chromosome (b) Two homologous chromosomes

(c) Two non-homologous (d) Any two different chromosomes
chromosomes

Red (RR) Antirrhinum is crossed with white (rr) one. The Fl hybrid is pink. This is an
example of:

(@) Complete dominance (b) Co-dominance

(c) Incomplete dominance (d) Complete recessive

(viii) In a dihybrid cross, in F2 generation, the parental types are far greater in number

than the recombinants. This is due to:
(a) Linkage (b)  Incomplete dominance

(c) Multiple allelism (d) Complete dominance
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Express in one or two words :

0)
(if)
(iii)

(iv)
v)

A pair of Mendelian factors (genes) that appear at a particular location on a particular
chromosome and control the same characteristic.

Phenomenon where in the heterozygous condition an intermediate phenotype is
observed.

The phenomenon of a single gene contributing to multiple phenotypic traits.
Genes which move together and do not show independent assortment.
A cross between the F, hybrids with any one of the homozygous parents.

Correct the sentences, if requred, by changing the underlined word(s) only:

@)

(ii)
(iii)
(iv)
v)
(Vi)

The process of transmission of characters through generations is know as variation.
In Mendel's monohybrid cross, the dwarf phenotype is always homozygous.

In Mendel’s dihybrid cross in F, generation nine phenotypes are produced.
The phenomenon of linkage disproved the principle of independent assortment.

In a test cross, always dominant parent is used.
The distance between genes in a constructed gene map is expressed as Mendel
unit.

Fill in the blanks :

@)

(ii)
(iii)
(iv)

v)

Monohybrid cross in F2 generation yields number of phenotypes.
Monohybrid cross in F2 generation yields number of genotypes.
The name of scientist often coined with linkage is

Genotype of a plant showing the dominant phenotype can be determined by
Cross.

In a cross between AaBB and aaBB, the genotypic ratio in Fl generation will be

GROUP - B
(Short Answer-type Questions)

Answer within 3 sentences:

(i)

(ii)
(iii)
(iv)
v)
(vi)

(vii)

Law of independent assortment
Multiple alleles

Chromosomal basis of inheritance
Co-dominance

Incomplete dominance

Law of segregation

Linkage
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(viil) Recombination
(ix) Test cross
(x) Back cross

2. Differentiate between:
(i) Homozygous and Heterozygous
(i) Genotype and Phenotype
(i) Dominant and Recessive genes
(iv) Test cross and Back cross
(v) Qualitative and Quantitative inheritance

GROUP - C
(Long Answer-type Questions)
1.  Give an account of Mendel's monohybrid cross. What inference did Mendel draw from
this experiment?
State and explain Mendel's laws of inheritance.
What do you mean by back cross and test cross? Explain test cross through an example.
Describe Mendel’s dihybrid cross.

ok b

Give an account of linkage and recombination.

aaa



CHAPTER

SEX DETERMINATION n

Sexually reproducing organisms are either bisexual or unisexual. Most plants and lower
grade animals are bisexual, where both male and female gonads (testis and ovary) are present
in the some individual. In these cases there is no sexual differentiation of individuals to establish
them either as male or female. However, in unisexual organisms (e.g., higher grade animals)
male and female gonads are borne by different individuals. During the embryonic development,
gonads differentiate at a specific point of time. At the begining, they develop as indifferent
gonads. Later in the development, the indifferent gonad either differentiates as testis or ovary.
Against this backdrop, a fundamental question strikes as to when the sex is determined. Is it
determined when the indifferent gonad differentiates either as testis or ovary or at some point of
time before this ? Studies in genetics have revealed that the actual sex is determined at fertilization
by the sex chromosomes. Thereafter sex chromosomes induce the differentiation of male or
female gonads and then the secondary sexual characters to establish sexual dimorphism.
Therefore sex determination occurs in three steps : chromosomal sex determination by sex
chromosomes, gonadal sex determination by the differentiation of gonads and phenotypic
sex determination by sex hormones secreted from the gonads.

The objective of this chapter is to acquaint the students with an elementary mechanism
of sex determination by sex chromosomes or any other mechanism, as the case may be.

A sex-determination system is a biological system that determines the development
of sexual characters in an organism. Biologically, sex is an aggregate of those morphological,
physiological and behavioural characters, which differentiate the male from the female. Most
organisms that produce their offsprings using sexual reproduction have two sexes. Occasionally,
there are hermaphrodites in place of one or both sexes. There are also some species that have
only one sex and reproduce by parthenogenesis, in which the female reproduces without
fertilization.

In many species, sex determination is genetic: males and females have different sex
chromosomes, bearing genes which express their sexual morphology. In animals this is often
accompanied by chromosomal differences, generally through combinations of sex chromosomes
at fertilization.

In some other cases, the sex is determined by environmental factors such as temperature
and hormones, irrespective of the sex chromosome combination, which they possess.
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6.1 SEX CHROMOSOME :

In the process of evolution, the genes responsible for sex determination segregated to
specific chromosomes, the sex chromosomes or allosomes. These chromosomes are
designated as ‘X’ and ‘Y’ or ‘Z’ and ‘W’. Such chromosomes are morphologically distinguished
from each other. The remaining chromosome of the cell are known as autosomes and designated
as ‘A’.

The X and Y chromosomes differ from each other in many respects. They are
heteromorphic and this is due to the location of sex determining genes on the respective sex
chromosomes. There is practically no crossing over between X and Y chromosomes. This
helps to conserve gene combinations favouring distinct sexual differences. The consequence
is that the Y chromosomes bears mostly the genes essential for maleness while all other genes
become inert. It is reversed in Z and W chromosomes. The individual, where the sex is determined
by two similar sex chromosomes is known as homogametic or homomorphic producing similar
type of gametes. Conversely, when the sex is determine by two dissimilar chromosomes, the
individual is heterogametic or heteromorphic producing dissimilar types of gametes.

Despite the differences in shape and size, the homologus part of Y chromosome pairs
with X chromosome during meiosis. The non homologous part of Y chromosome carries only Y-
linked genes or holoandric genes. The Y chromosome carries a gene ‘sry’ (sex determining
region Y) that codes for a protein called testis determining factor (TDF). TDF is required for
the development and differentiation of the testis and its duct system and its absence leads to
the development of ovaries (Fig. 6.1).

Fig. 6.1: The role of Y chromosomes in male sex determination

Females homozygous for genes on X chromosomes do not express phenotypes more
elaborately than do hemizygous males. For long, geneticists believed that a compensation
mechanism might be operating for making the dose of genes on X chromosomes equal in both
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male and female sexes. Mary F Lyon, indeed established that the compensation is achieved by
the inactivation of one of the two X chomosomes in the female. He termed it as dosage
compensation. The inactivated X chromosme is termed as the Barr body.

The sexual character is inherited in a mendelian fashion. Its inheritance follows the law
of segregation. In many species, the two sexes are phenotypically indistinguishable, while the
two sexual phenotypes are quite easily distinguished in human.

XX Female
XY Male

@

Human Female Human Male

ZW Female
ZZ Male

(b)

Hen Cock

XX Female
XO Male
(c)

Female Honeybee Male Honeybee

XX Female
XO Male

el Ed | @D | &)
CHl eI | &) | D

(d) Female Grasshopper Male Grasshopper

Fig. 6.2: Different types of chromosomal sex determination mechanisms.
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Several genetically controlled sex determination mechanisms have been discovered.
These are :

1. Chromosomal mechanism

2. Haplo-diploid mechanism (a variant of chromosomal mechanism)

3.  Genic balance mechanism

4 Single gene effect

6.2 CHROMOSOMAL MECHANISM OF SEX DETERMINATION :

In a majority of diploid animals a pair of sex chromosomes, designated as X and Y is
found, which determine the sex of an individual. Henking (1891) discovered X-chromosome in
male bug and described it as X-body. Wilson and Stevens (1902-1905), proposed chromosomal
theory of sex-determination and named X and Y chromosomes as sex chromosomes or
allosomes and other chromosomes as autosomes.

In the animal kingdom many variants of chromosomal sex determination mechanisms
have been described (Fig. 6.2). These are :

1. XX - XY mechanism 2. XX - XO mechanism

3. ZZ - ZW mechanism 4. ZZ - Z0O mechanism

5. Haplo - Diploidy mechanism

6.2.1 XX-XY type or lygaeus mechanism :

Wilson and Stevens first studied it in the milk weed bug, Lygaeus turcicus and hence
this mechanism is identified with his name. The female is homogametic (XX) and the male is
heterogametic (XY). (e.g., Human and Drosophila.)

Parents

Gametes

Zygotes

Offspring
(a) (b)

Fig. 6.3 : (a) Pattern of sex chromosomal inheritance in human, and (b) sex determination in human.
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The female produces one type of egg i.e. with only ‘X’ and male produces two types of
sperms i.e. with ‘X’ or *Y’. Fertilization of female gamete with any one of the male gametes will
determine the sex of the offspring. Fig. [6.3(a) & (b)] explains the mechanism.

6.2.2 XX -XO mechanism :

In this mechanism, only the X chromosome
is present, the Y being absent.

The female is homogametic (XX) and the
male is heterogametic (XO) (Fig. 6.4). Maleness
is determined by a single X chromosome. O
denotes the absence of a Y chromosome. (e.g.,
Grasshopper and Bug)

6.2.3 ZW -ZZ mechanism :

In this mechanism, the female is
heterogametic (ZW) while the male is
homogametic (ZZ). The inheritance of Z and W
chromosomes occur in a simple mendelian fashion
(Fig. 6.5). (e.g., Birds).

6.2.4 ZZ-Z7Z0 mechanism :

In Lepidoptera (e.g., moths and butterflies),
the male is homogametic with two Z chromosomes
(Z2), while the female is heterogamatic with one
each of Z and W (ZW). However, some females
have ZO complement indicating that W is not
essential for femaleness.

6.2.5 Haplo-diploidy mechanism :

The female is diploid and male is haploid.
Haploid male is produced when the egg is not
fertilized (Fig. 6.6). This type of development is
termed as parthenogenesis. However, fertilized
eggs develop as females. (e.g., Honeybee, Wasp
and Ant).

Female Male
—~A —A
Parents XX X0
Gametes X X X @)
Zygotes XX XO

Female Male

Fig. 6.4 : XX - XO mechanism of sex
determination in grasshopper.

Hen Cock
—~A— —A—
Parents ZW 77
Gametes Z W Z Z
Zygotes ZZ ZW

Cock Hen

Fig. 6.5 : Sex chromosomal
inheritance in fowl.

Female Male

Fig. 6.6 : Haplo-diploidy mechanism of the
sex determination in honey bee.
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6.3 GENIC BALANCE MECHANISM :

Unlike in human and other animals, autosomes play an important role in addition to the
sex chromosomes in the sex determination process in Drosophila melanogaster. C.B. Bridges
proposed the genic balance theory of sex determination based on the ratio of the number of X
chromosomes and sets of autosomes. According to him, the female determining genes are
located on the X chromosome, while the male determining genes on autosomes. Table 6.1
describes about the phenotypic sex of Drosophila melanogaster, based on X / A values.

Table - 6.1

X/ Aratios and corresponding sexual phenotypes in Drosophila melanogaster

Sl.No. Chromosome Ratio = X/A Sex

complement
2A + XX 2/2=1.0 Female
3A + XXX 3/3=1.0 Triploid Female
4A + XXXX 4/4=1.0 Tetraploid Female

3 2A + XXX 3/2=1.50 Super Female

4 3A + XX 2/3=0.67 Intersex

5 2A + XY 1/2=0.50 Male

6 3A + XY 1/3=0.33 Super male

6.3.1 Gynandromorph in Drosophila as a proof of chromosomal mechanism of sex
determination.

In Drosophila, occasionally flies are obtained
in which a part of the body exhibits female characters,
while the other part male characters. Such flies are
known as gynandromorphs. These develop due to
failure of segregation (nondisjunction) of X
chromosomes at cleavage. The zygote starts with
2A+2X chromosome complement. During first
cleavage one of the X-chromosomes is lost in one of
the blastomeres. The consequnce is that, one of the
blastomeres acquires 2A+2X complement, while the
other 2A+X. At the end of development, the
descendant blasomeres with 2A + XX complement
differentiate as female phenotype, while those with
2A + X differentiate as male phenotype. Thus, half
of the body is female while the other half is male  Fig. 6.7 : Gynandomorplism in Drosophila
(Fig. 6.7).
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SINGLE GENE EFFECT :

In some organisms like Drosophila, human and several fishes, a single gene is
responsible for the expression of sex.

In Drosophila tra (tansformer), a recessive gene, present on the third autosome expresses
the sex.

Most males and females with dominant allele (tra*) are fertile.

But a normal female (AA + XX) when homozygous recessive with both tra alleles develop
as sterile male.

In human a sry (sex determining region Y), present on the Y chromosome influences
the development of testes in the male and its absence develops ovaries in the female.

Therefore , XX female with sry gene is a sterile female and a XY male without sry gene
too is a sterile female.

SEX DIFFERENTIATION :

The chromosome theory and genic balance theory of sex determination successfully
apply to lower grade animals but in vertebrates and under certain conditions, in
invertebrates, an embryo develops some characters of the opposite sex together with
its own characters.

It means that the sex changes under specific conditions.

This may be due to hormones secreted by the gonads of the animal. Some examples of
sex differentiation are as discussed bellow :

Sex Reversal :

It is observed in fishes, amphibians, birds and even in some mammals.

Artificial removal of gonads of either sex before puberty in mammals and even in human
(castration or ovariectomy) results in the development of secondary sexual characters
of the opposite sex reversal in chick is explained in Fig. 6.8.

Hen Cock

Ovary

removed
——

Fig. 6.8 : Sex reversal in chick
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6.5.2 Free Martin :

In cattle when the twins of the opposite
sex are born, the male is normal but the female
is sterile with many male characteristic
features. Such sterile females are called free
martin (Fig. 6.9).

During the development, fetal
membranes of the twins have a common blood
circulation.

The female hormones are produced a
little later than the male hormones. The male
hormones influence the female fetus to become
sterile.
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Fig. 6.9 : Freemartin in cattle

6.6 ENVIRONMENTAL FACTORS IN SEX DETERMINATION :

6.6.1 Chemotactic sex determination :

. In some animals, the environment plays an important role in the differentiation of sex or
in the expression of genes encoding male and female characters.

. In a worm (Bonnellia), the larvae are
potentially hermaphrodite.

. If a newly hatched worm is reared from
a single egg in isolation, it develops as
a female. If newly hatched larvae are
reared in water containing mature
females, some larvae adhear to the
proboscis. These are transformed into
males, which eventually migrate into the
reproductive tract, where they become
parasitic. It has been established that
the proboscis of the mature female
Bonellia secretes a chemotactic
substance, which induces the larve to
differentiate as males (Fig. 6.10).

Fig. 6.10 : Sex determination in Bonellia

6.6.2 Temperature-dependent sex determination :

. This is a type of environmental sex determination, in which the temperature experienced
during embryonic development determines the sex of the offspring.
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. It is most prevalent and common among reptiles, especially turtles.

. In turtles, males are generally produced at lower incubation temperatures than
females, with this change occurring over a range of temperatures as little as 1—
2°C.

. At a lower temperature ranging between 22.5 and 27°C, mostly male turtles hatch,

while at higher temperatures, around 30°C, only female turtles hatch.
. In lizards and crocodiles, this pattern is reversed.

6.7 SEX LINKED INHERITANCE :

Sex linkage is the phenotypic expression of an allele located on sex chromosomes.
This type of inheritance is in contrast to the inheritance of alleles on autosomes, where both
sexes have the same probability of inheritance. Since human has many more genes on the X
than on the Y, there are many more X-linked characters than Y- linked. In mammals, the female
is homogametic, with two X chromosomes (XX), while the male is heterogametic, with one X
and one Y (XY). The male is hemizygous relative to the female, because it has half the number
of X chromosomes a female possesses. Genes on the X or Y chromosome are called sex-
linked genes and their mode of inheritance is called sex linked inheritance.

6.7.1 Sex linked Genes :
The sex linked genes are of the following types :

1.  X-linked genes : Genes located on X chromosomes are called X-linked . Such
genes do not have alleles on Y chromosome. In man about 300 genes are X-
linked.

2.  Y-linked genes or Holandric genes : only a few genes are located on the Y
chromosome.

3. Pseudoautosomal genes : Genes located on homologous parts of both X and Y
chromosomes.

6.7.2 Inheritance of sex-linked characters :

The alleles of the sex-linked characters are recessive to their normal alleles. Therefore,
these are expressed in the heterogamatic sex or male. In the homogametic sex, i.e. the female,
it is expressed in a homozygous condition. The chance of expression of a recessive X-linked
character in the female is the square of that of the male. For example, if 1 in 20 males in a
population expresses a sex-linked character, then the chance of expression of the same character
is 1in 400 in females.

When the female is heterozygous for the sex-linked gene, it is not expressed, but then
the female is a carrier for the said allele. The female parent transmits one each of her X
chormosomes to her sons and daughters in an equal propertion, while the male transmits it to
his daughters in the F1 generation. The daughter, while forming the F2, transmits her
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X chromosomes to her sons and daughters in equal propertion. Thus, a male parent bearing a
sex-linked character transmits it to 25% of his grandsons (F2 generation) through his daughter
(F1 generation). The character criss-crosses the F1 generation while passing on to the F2
generation i.e. transmitted to grandson through daughter. This type of inheritance is known as
criss-cross inheritance.

In the following sections the inheritance of haemophilia and red-green colour blindness
in human is considered to have a better understanding of the afore mentioned discussion.

6.7.3 Inheritance of Haemophilia:

Haemophilia is a sex-linked character in human. It is also known as bleeders disease.
In the event of an injury, the blood fails to coagulate. This trait is inherited in the British royal

family and has been passed on to other royal houses across Europe.

Normal Haemophilic Haemophilic Normal
Mother Father Mother Father
Parents XX x X"y Parents X"X" X XY
Sperms Sperms
g| . g
Q X Y Q X Y
xx" XY ) xX" X"y
X Carrier Normal X Carrier | Haemophilic
daughter son daughter son
F1 Eggs F1 Eggs
Generation xX" XY Generation xxX" X"y
X Carrier Normal X" Carrier | Haemophilic
daughter son daughter son
(a) (b) !
Carrier Normal Carrier Haemophilic
Mother Father Mother Father
Parents xx" x XY Parents xx" x X"y
Sperms Sperms
o o X
Q X Y Q X Y
XX XY xX" XY
X Normal Normal X Normal Normal
daughter son daughter son
F1 Eggs F1 Eggs
Generation xx" X"y Generation X"X" x"Y
X" Carrier |Haemophilic X" | Haemophilic | Haemophilic
daughter son daughter son
(c) (d) v

Fig. 6.11 : Four crosses describing the inheritance of haemophilia allele in human.
(a) normal mother and haemophilic father, (b) haemophilic mother and normal father,

(c) carrier mother and normal father & (d) carrier mother and haemophilic father.
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The haemophilia allele is recessive to its normal allele. Homozygous recessive females
and males with haemophilia allele on its X chromosome express the trait and become
haemophilic. Females with one normal and one haemophilia allele do not express the train.
They are known as carriers of the haemophilia allele. The allele follows a cris-cross inheritance
in a simple mendelian fashion. The inheritance is explained in Fig. 6.11 (a -d).

6.7.4 Inheritance of red-green colour blindness :

Itis an inherited disorder which results in the failure to distinguish red and green colours.
The gene enabling a person to identify red-green colours lie on the X chromosome. When it is
mutated, there is a loss of the ability to distinguish these colours. Thus, the gene has two
alleles : a normal and a mutant that is recessive the normal allele. Homozygous females for this
mutant allele and hemizygous males for the same allele are colourblind, while heterozygous
females have normal vision and are considered as carriers for the mutant allele. The mutant
allele is inherited in the same way as that of the haemophilia allele and follows a criss-cross
inheritance. The situation can be understood by considering the Punnet squares in Fig. 6.11 by
substituting X" with X¢, which denotes the colourblind allele.

6.8 MENDELIAN DISORDERS IN HUMAN :

Normal genes encode normal proteins, which regulate normal physiological functions
of the body. When a gene undergoes mutation, it encodes an abnormal protein, which fails to
regulate the body functions, it is meant for. In this situation, the abnormal body functions express
some abnormal phenotypic characters. The expression of these characters has been referred
to as a genetic disorder or syndrome. Most of the human disorders are inherited in simple
mendelian fasion.

In the following section, a few such disorders and / or syndromes are discussed.

6.8.1 Thalassemia:

Thalassemia is an inherited blood disorder, in which the body makes an abnormal form
of haemoglobin. The disease is prevalent in Asia, Middle-East, Africa and Mediterranian countries
like Greece and Turkey.

There are three forms of thalassemia : a-thalassemia, B-thalassemia and thalassemia
minor. a-thalassemia is again of two types : haemoglobin H disease and Hydrops Fetalis.
Hydrops Fetalis is the more severe from. It is expressed, when all the four globin genes are
mutated. Most babies afflicated with this form are either stillborn or die shortly after birth.
Haemoglobin H disease is expressed, when three out of four a.-globin genes are mutated.
B-thalassemia is expressed when the body cannot produce B-globin. It has two sub-types :
thalassemia major (Cooley’s anemia) and thalassemia intermedia. Thalassemia major is more
severe and is expressed when two [-globin gnes are mutated or absent, while thalassemia
intermedia is less severe.
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6.8.1.1 Symptoms, Diagnhosis and Treatment :

The common symptoms are : feeling of tireness, pale skin with severe anemia, enlarged
spleen, yellowish skin and dark urine. The disease is diagnosed by blood test and genetic
analysis. There are two treatment options : blood transfusion and bone marrow transplantation.
However, genetic counseling of the affected person makes him / her conscious about the
consequences. He / she advised to take recourse to an appropriate treatment option.

6.8.2 Down sysndrom :

The most common and best characterized genetic disorder in human population is Down
sysndrome. It was previously indentified as mongolism due to a short stature of the affected
persons. John Langdon Down first described the clinical symptoms in 1866. In his honour, the
syndrome has been named as Down syndrome. The estimated frequency at birth is 1/700.

(@) (b)

Fig. 6.12 : (a) A person with Down syndrome phenotypes, (b) Down syndrome chromosome
complement (the arrow shows three doses of 21st chromosome).

6.8.2.1 Genetic Basis :

It is caused by a chromosomal aberration, known as aneuploidy (trisomy). The
twenty first chromosomes is present in three doses, instead of two in normal persons [Fig.
6.12(b)]. Thus the diploid chromosome number becomes 47, instead of normal 46. It is the
result of primary nondisjuction (failure of separation of homologous chromosomes), which
may occur at first meiosis or second meiosis of the maturation phase of gametogenesis. The
consequence is that the egg or sperm receives an extra 21st chromosome. If this egg is fertilized
by a normal sperm and vice versa, the zygote nucleus will have 47 chromosomes with an extra
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21st chromosome. This zygote develops into a baby expressing the sysmptoms of Down
syndrome. Through the investigations of J. Lejeune in 1959, Down sysndrome was recongnized
as the first genetic disorder in human. It is also identified as trisomy 21.
6.8.2.2 Clinical symptoms [Fig. 6.12(a)] :

. Short stature with an epicanthal fold.

. Broad head with round face.

. Wide nostril, open mouth and large tongue with distinct furrows.

. Stubby hands with simian crease on the palm.
. Hyperflexible joints.
. Mental retardation.

6.8.2.3 Diagnosis, Treatment and Prevention :

Prenatal screening of the pregnant women is undertaken by ultrasonography and
amniocentesis sampling to make sure about the contraction of this disorder. There is no treatment
available as yet. However, counseling through education support and creation of sheltered
work environment works encouragingly. Life expectany is 50-60 years.

6.8.3 Turner Syndrome::

Turner syndrome is a condition, in which a female is missing one of the two X
chromosomes, such that the complment becomes 45, XO [Fig. 6.13(b)]. This condition is
associated with many abnormal phenotypes, first described by H.H. Turner in 1938. It occurs in

@) (b)
Fig. 6.13 : (a) Afemale with Turner syndrome phenotypes, (b)Turner syndrome chromosome
complement (the arrow shows one X chromosome, there being no Y chromosome).
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about 1 per 2500 live female births. More than 90% of the women bearing fetus affected by
Truner syndrome abort spontaneously. An approximate frequency estimate in the human
population is 1/5000.

6.8.3.1 Ganetic Basis :

It is caused by a chromosomal aberration, known as aneuploidy (monosomy). In the
female, one out of two X chromosomes is missing. Thus, the chromosomal number is 45 instead
of normal 46 [Fig. 6.13(b)]. It is the result of primary nondisjunction, which may occur in one of
the two meiotic divisions of the maturation phase of gametogenesis. The consequence is the
formation of an egg with two X chromosomes and another with no X crhomosome. If the later
one is fertilized by a normal sperm bearing an X chromosome, the complement becomes 45, X
and Turner syndrome expresses.

6.8.3.2 Clinical Symptoms (Fig. 6.13(a)] :
. Short stature with low-set ears.
. Webbed neck
. Shield-like chest
. Swollen hands and feet
. Virtually no ovaries

. Limited secondary sexual characters.
6.8.3.3 Diagnosis, Treatment and Prevention :

Diagnosis is done by physical examination and genetic analysis Turner syndrome affected
subjects undergo hormonal therapy. Growth hormone injection in early childhood may increase
the height by few inches. Estrogen replacement therapy is undertaken at puberty to start the
breast development. Estrogen and progesterone are administered together, a little later to initiate
the monthly cycle. Turner syndrome affected persons have a shorter life expectancy.

6.8.4 Klinefelter Syndrome :

Klinefelter syndrome is an abnormal genetic condition, caused by the presence of an
extra X chromosome in addition to the usual male sex chromosome complement of XY [Fig.
6.13(b)]. Thus the diploid chromosome number becomes 47 with XXY sex chromosome
complement. This condition was first described by H.F. Klinefelter in 1942. It is estimated to
occur in 1 in 500 live male births.

6.8.4.1 Genetic Basis :

The condition is due to the presence of an extra X chromosome in the male. The XXY
condition pressumably arises at fertilization of an exceptional egg (XX) by a Y-sperm or an X-
egg by an exceptional XY sperm. The exceptional eggs and sperms are the outcome of primary
nondisjuction of X and Y chromosomes during maturation phase of gametogenesis. Studies in
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@) (b)

Fig. 6.13 : (a) A male showing Klinefelter syndrome phenotypes and (b) Chromosome complement
(the arrow shows the presence of an additional X chromosome).

Turner syndrome and Klinefelter syndrome indicate that, the Y chromosome is essential for the
expression of maleness. The usual karyotype is 47, XXY, while more complex karyotypes, such
as XXXY, XXXXY, XXXXXY, XXYY, XXXXYY are also associated with Klinefelter syndrome.
The frequency of occurrence is 1 in 500 male births.

The syndrome is diagnosed by a chromosome complement examination. There is no
treatment option. It can be prevented through education and genetic counseling by a trained
clinical geneticist.
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SAMPLE QUESTIONS

GROUP - A
(Objective-type Questions)

1. Choose the correct answer :

(i)

(ii)

(iii)

(iv)

v)

(Vi)

(vii)

A cross between F_ hybrid and a recessive parent gives the ratio of

(@ 31 (c) 11

(b) 21 d) 41

A cross of F, with the recessive parent is known as

(@) back cross (¢) hyrbid cross
(b) testcross (d) double cross

Awoman with albinic father marries and albinic man. The proportion of her progeny is
(@8 2normal: 1 albinic (c) allalbinic

(d) all normal (d) 1normal: 1 albinic

Y cromosome is called

(&) sex cromosome (c) androsome

(b) autosome (d) gynaesome

Which one is a sex-linked disorder ?

(@) leukemia (c) night blindness

(b) cancer (d) colour blindness

A haemophilic man marries a normal homozygous woman. What is the probability
that their son will be haemophilic?

(@) 100% () 50%
(b) 75% (d) 0%
What is the probability that their daughter will be haemophilic?
(@) 100% () 50%
(b) 75% (d) 0%

(viii) A furitfly exhibiting both male and female trait is
(@) heterozygous (c) hemizygous
(b) gynandromorph (d) Gynandev

(ix)

Genes located in Y chromosome are
(&) mutant genes (c) holandric genes

(b) autosomal genes (d) sex-linked genes
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(x) A colourblind person cannot distinguish
(@) allcolours (c) green colour
(b) red colour (d) red and green colours

(xi) The gene responsible for haemophilia is linked to which chromosome ?

(@ X (Y
(b) both XandY (d) Autosome
(xii) Red-green colourblindness in man is :
(@) sex-linked character (c) sexinfluenced character
(b)  sex-limited character (d) sexual character

(xiii) Sex-linked characters are

(@) dominant (c) recessive
(b) lethal (d) notinherited

(xiv) Which gene is present in the Y chromosome that codes for the protein TDF?
(@ Cry (c) Sry
(b) Try (d) tra

(xv) In birds, which type of chromosomal basis of sex determination is present?
(@) XX-XY (c) zZwW-2zZ
(b) XX-XO (dy zz-z0O

(xvi) When the ratio of X/A=0.67 in genic balance theory, which type of sex is expressed ?
(@) super female (c) super male
(b) intersex (d) triploid female

(xvii) Which type of sex determination is found Bonellia
(a) temperature dependent (c) holandric
(b) chemotacic (d) pseudoautosomal

(xviii) In a person with Turner syndrome, the number of X chromosome is

@ 1 (c) 3
by 2 (d O
(xix) A Down syndrome will be
(a) 45+ XX (c) 44 + XXY
(b) 44+ XY (d) 22+ XY
(xx) Number of Barr bodies present in Turner syndrome is
@ o (c) 2

(b) 1 (d borc
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2.

Answer each of the following in one or two words :

(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)
(ix)
(x)
(xi)
(xii)
(xiii)
(xiv)

(xv)

Name two sex-linked diseases of human being.

How Down syndrome is caused?

In which chromosome is the gene for haemophilia located?

What is the chromosomal formula for Truner syndrome?

Which sex is usually a carrier?
Who proposed the ‘Genic balance theory’?

What are holandric genes?
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In which chromosome, the factors for haemophilia and colourblindness is found?

What is the other name of Bleeders disease?
Which protein is in ‘Sry’ gene of Y chromosome?
What is ‘Gynandromorph’?

What is ‘Free martin’?

What ‘Criss-cross inheritance’?

Which type of defect is found in ‘Thalassemia’?

Who first described ‘Klinefelter’s syndrome’?

GROUP - B
(Short Answer-type Questions)

Difference between :

(i)
(ii)
(i)
(iv)
(v)
(vi)
(vii)

Write brief notes on the following (within 50 words each) :

(i)

(ii)
(i)
(iv)
(v)

Phenotype and Genotype
Autosome and Allosome

X chromosome and Y chromosome
Supermale and superfemale

Sex differentiation and Sex reversal
Gynadromaph and Free martin

Down syndrome and Turner syndrome

Criss-cross inheritance

Holandric gene

Haplo-diploidy mechanism of sex determination
Genic balance theory

Free martin
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(vi) Gynamdromorph

(vii) Single gene effect

(viii) Sex reversal

(ix) Temperature-dependant sex determination.
(xX) Chemotactic sex determination

(xi) Thalassemia

(xii) Down syndrome

(xiii) Turner syndrome

(xiv) Klinefelter syndrome

GROUP - C
(Long Answer-type Questions)
Discuss the chromosomal theory of sex determination.
What is genic balance theory and explain its role in sex determination.

Explain sex-linked inheritance. Discuss the phenomenon with the example of colour
blindness.

4.  Give an account of sex-linkage in Drasophila and Man.

aad



CHAPTER

MOLECULAR BASIS OF INHERITANCE n

After the rediscovery of Mendelism and the acceptance of chromosome theory of
inheritance by Sutton and Bovery in 1902, the pattern of heredity could be explained by the
segregation of chromosomes during meiosis. Johannsen coined the term gene for Mendelian
factor in 1909. But, the question that kept the scientific community occupied for the next fifty
years was about the exact connection between the hereditary traits and chromosomes. During
the same time, in 1902, Archibald Garrod, a British physician working with one of the early
Mendelian geneticist, his countryman William Bateson made an interesting observation. They
observed, in the case of inherited disorder like alkaptonuria, the patient excreted black urine.
It was due to the absence of an enzyme capable of breaking down homogentisic acid (alkapton)
into simpler substances. In the absence of this enzyme, the urine contains alkapton that is
rapidly oxidized in air to turn black. Garrod observed that this disease was inherited in Mendelian
pattern. This was the first pointer towards a relation between gene and enzyme.

Further, the nature of the genetic materials also came under investigations. Prior to the
rediscovery of Mendelism, Meischer discovered DNA in 1869, though he could not assign any
role of DNA. With the advancement of molecular biology, it was established that chromosome
chemically consisted of proteins and DNA. Gradually, it became clear that protein consisted of
twenty amino acids and DNA is made from four nucleotides. Initially it appeared to the scientific
community that proteins having a more varied and complex structures could be the possible
genetic material. The British microbiologist, Frederick Griffith provided the first evidence for
DNA as the genetic material.

7.1 DNA AS GENETIC MATERIAL :

In 1928, F. Griffith made a series of unexpected observations while experimenting with
a pathogenic (disease causing) bacterium, Diplococcus pneumoniae (then known as
Pneumococcus). This bacterium causes pneumonia in man and most mammals and has two
phenotypes. One is the virulent/ pathogenic form and possesses a polysaccharide coat that
protect the bacterium from phagocytic attack of the host. Because of the coat, the virulent
bacteria form smooth edged colonies in culture. The other is avirulent/ non-pathogenic and
lacks the coat. They form rough edged colonies in cultures. The virulent forms are, therefore
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called Smooth-type or S-type and the avirulent forms are called Rough-type or R-type. There
can be several strains of S-type and R-type, like S-I, S-1I, S-lll and R-I, R-Il, R-III etc. Griffith
selected mouse as the host and S-IIl and R-II bacteria for his experiment. It was apparent that
mouse injected with S-11l bacteria suffered from the disease and died while those injected with
R-11 did not suffer and survived. But Griffith made some surprising observations when he injected
mice with different combinations of bacteria. His experimental findings can be summarized as:

()  Mouse injected with live S-11I Died
(i)  Mouse injected with live R-II Survived
(i)  Mouse injected with

heat killed S -1 Survived
(iv) Mouse injected with

heat killed S -l + live R-I Died

l

Extract from dead mouse

i (cultured)
Live R-ll+Live S-llI

This indicated that live S-1ll extracted from the dead mouse initially injected with heat
killed S-111 and live R-l1l must have arose from R-II. It could not have been due to mutation in R-
Il; in that case live S-Il not live S-11l would have been formed. The dead S-lll and live R-Il would
have interacted in some way so that some of the live R-Il would have been transformed to live
S-11l. From the heat killed cells of S-1Il “something” would have escaped and transformed R-Il to
S-111. This “something: was referred to as transforming principle. Griffith was unaware of the
nature of the transforming principle.

Subsequent proof for the chemical nature of Griffith’s transforming principle was provided
by Oswald T. Avery and his co-workers Maclyn McCarty and Colin M. Macleod of Rockfeller
Institute, New York, U.S.A. in 1944. They performed in vitro experiments with highly purified
DNA extract of heat killed S-11l bacterium. They used the extracted DNA along with combinations
of different enzymes to transform the R-ll type bacteria. This DNA extract retained its transforming
ability when subjected to protease (that digests protein) or ribonuclease (that digests RNA), but
lost the transforming ability when subjected to deoxyribonuclease (that digests DNA). This
experiment can be summarized as below:
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()  R-ll +DNA extract of S-lll + no enzyme = R-Il colonies + S-lll colonies
(i)  R-1l + DNA extract of S-1ll +Ribonuclease = R-Il colonies + S-1lI colonies
(i)  R-ll + DNA extract of S-lll + Protease = R-II colonies + S-11I colonies

(iv) R-ll + DNA extract of S-1ll + Deoxyribonuclease = Only R-II colonies.

This experiment showed that the preparation when treated with DNA digesting enzyme
deoxyribonuclease, no transformation of R-11 strains to S-llI strains occurred. This provided the
first evidence for DNA as the transforming principle or the genetic material.

7.2 STRUCTURE OF NUCLEIC ACIDS (DNA AND RNA) :

7.2.1 Nucleic Acids :

In every living cell, there are two types of nucleic acids - DNA - Deoxynucleic Acid and
RNA - Ribonucleic Acid.

DNAs are found in the chromosomes in the nucleus of plant and animal cells. In
prokaryotes also DNA, forms the chromosomes. Some viruses, especially animal viruses have
it as their genetic material. Furthermore, it is also found in mitochondria of plant and animal
cells and in chloroplasts of photosynthetic organisms.

Ribonucleic Acid (RNA): mainly found in the cytoplasm of cells. There are various
types of RNAs (rRNA, tRNAs, mRNA) involved in the expression of genetic information.

In ribonucleic acids, the sugar is ribose; in deoxyribonucleic acids, it is deoxyribose.
These two sugars differ in their chemical nature on carbon 2 as shown below.

g 3
H H
H H
OH OH OH H
Ribose Deoxyribose

Nitrogenous base: All nitrogenous bases found in DNA and RNA are derive from two
heterocyclic bases, purine and pyrimidine.

1. Purine base

Two principal purine bases found in deoxyribonucleic acids as well as ribonucleic acids
are adenine and guanine.
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NH, OH

N : N
NZ \ NZs \
L\ »wk /

N N N N

H H

Adenine Guanine
Purines
2. Pyrimidine bases:

Cytosine and uracil are found in ribonucleic acids; cytosine and thymine, in
deoxyribonucleic acids.
OH OH NH,

%l\ CH, N4

N//I‘ N Sl
HOJQ HO—& ] HOJQ_ !
N N N
Uracil Thymine Cytosine
Pyrimidines

Nucleosides

Nucleosides are formed from the linkage of a purine or pyrimidine base with ribose or
deoxyribose. This linkage joins nitrogen 9 of the purine base, or nitrogen 1 of the pyrimidine
base with carbon 1’ of pentose. With ribose ribonucleosides are formed and with deoxyribose,
deoxyribonucleosides. The following table indicates the nomenclature of the main nucleosides.

Base Ribonucleoside Deoxyribonucleoside

Adenine Adenosine Deoxyadenosine

Guanine Guanosine Deoxyguanosine

Uracil Uridine Deoxyuridine

Cytosine Cytidine Deoxycytidine

Thymine ribothymidine Deoxythymidine
Nucleotides

Nucleotides are the phosphoric esters of nucleosides. Depending on the nature of the
pentose one will have ribonucleotides and deoxyribonucleotides. Aribonucleoside has 3 positions,
which can be phosphorylated (2’, 3' and 5’) while a deoxyribonucleoside can be phosphorylated
only in two places (3’ and 5’). This results in the formation of nucleoside monophosphate.
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A second phosphate group can be bound ! HN% v
to the phosphate of a nucleoside monophosphate | wo- %:o N s%‘» raci
to form a nucleoside-di-phosphate. Likewise a third ena p
phosphate group can also be attached to the l@ g Ao
second forming nucleosides tri-phosphate. T - s/%‘c“"s"‘“
7.2.2 Primary structure of DNA : HO—'Lo L:i/.:b

In deoxyribonucleic acids, the nucleotides o
are joined by 3'-5’ phosphodiester bonds; in other
words each phosphate group (except those |° R
present at the end of chains) esterifies to the 3’ HO —£=° o:{)
hydroxyl group of a pentose and to the 5’ hydroxyl e
group of the next pentose. Therefore, the @’
polydeoxyribonucleotide chain consists of o on
alternating deoxyribose and phosphate residues " _£:°
(Fig. 7.1). Fig. 7.11: Detailed structure of a
7.2.3 Secondary structure of DNA : segment of nucleotide

The observations in solution state, however, predicted the existence of secondary
structure in DNA. Taking these facts into consideration, Watson and Crick in 1953 proposed the
secondary structure in the form of the famous double helix model -

(@) It was known through base analyses that there is as much adenine as thymine
and as much guanine as cytosine (A/T and G/C = 1). Therefore, the sum of purines
is equal to the sum of pyrimidines (A+G = C+T). It is known as Chargaff's rule.
Also, experimental results suggested the polydeoxyribonucleotide chains were
held together by hydrogen bond.

(b) X-raydiffraction studies (Wilkins, 1952), suggested a helicoidal configuration of DNA.

According to this model, DNA has a double stranded structure where two
polydeoxyribonucleotide chains twisted around one another in a double helix. Both the helices
are held together by means of hydrogen bonds existing between the nitrogen bases. The diameter
of the DNA molecule is 20 ,g\ (2nm). The length of the DNAin one complete turn is 34 ,g\ (3.4nm),
whicD incorporates 10 base pairs. Therefore, the distance between two adjacent base pairs is
34 A.

Both the strands have sugar phosphate backbone and are antiparallel to one another.
The antiparallel nature is given by orientation of the deoxyribose sugar which is opposite in both
the strands. Therefore, the 5™ carbon atom of the sugar molecule, which is exposed at one end
of a strand (5' end), faces the 3™ carbon atom of the sugar in the opposite strand (3' end). The
strands are also complementary to each other. This nature is based on the purine-pyrimidine
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links i.e. if a strand is having a purine base (adenine or guanine), the opposite must be its
pyrimidine counterpart (thymine or cytosine) e.g. A=T and G = C. in DNA; the nucleosides are
joined by means of phosphodiester bonds. (Fig. 7.2)

Fig. 7.2 :The Watson-Crick model of B-DNA

Structural forms of the double helix :

There are three major structural forms of double helical DNA. The ‘B’-form (Fig. 7.3),
described by Watson and Crick, the ‘A’-form and the Z-form. (Fig. 7.3)

The B-form is a right-handed helix with ten residues
per 360° turn and with planes of bases perpendicular to the
helix axis. The chromosomal DNA primarily consists of B-
DNA.

If B-DNA is moderately dehydrated the A-DNA is
produced. A-form is also a right-handed helix, but with eleven
base pairs per 360° turn and the planes of the bases are
tilted 20° away from the perpendicular to helical axis. The
DNA regions found in DNA-RNA hybrid or RNA-RNA double
stranded regions are very close to A-form. The Z-DNA have
‘Zigzag' backbone and hence has the name. It is a left-
handed helix containing twelve base pairs per turn. The z-  Fig. 7.3 : Different forms of DNA
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DNA stretches occurring naturally in DNA have a sequence of alternating purines and pyrimidines,
(i.e. Poly GC regions). The transitions among the three forms of DNA may play an important
role in regulating gene expression.

Besides these 3 major forms there are two more right-handed forms; C-DNA with nine
base pairs per turn and D-DNA with eight base pairs per turn. There are many forms of DNA
molecule viruses. (Table 7.1)

Table-7.1

Various Forms of DNA molecules found in a variety of viruses.

Types of viral DNA molecules Examples
1. Linear single strand Parvo viruses
2. Circular single strand ¢ x174 and other bacteriophages
3. Linear double strand T7 ; many phages and animal viruses
4. Linear double strand with single
chain breaks T,
5. Linear double strand with closed ends Vaccinia
Closed circular double strand with Papoviruses, bacteriophage PM, and
or without super coils cauliflower mosaic virus.

7.2.4 RNA Structure:

RNA mainly comprises of genetic and nongenetic RNAs.

RNA is a polynucleotide, made of ribonucleotide units having ribose sugar, phosphoric
acid and nitrogen bases (Adenine or Guanine or Cytosine or Uracil). It is single stranded.
Cellular RNAs are non-genetic and are of three types.Regarding the role of genetic RNAs, it
has been mentioned in the central dogma.

Messenger RNA (MRNA) :

It is the RNA formed during the protein synthesis. Five to ten percent of cellular RNA is
of this type. The molecular weight of mMRNA varies from 30000-1000000. It is short lived. DNA
transfers the genetic information to ribosome through this type of RNA during the protein
synthesis.

Ribosomal RNA (rRNA) :

The most stable form of RNA in the cell is the r-RNA. About 80% of cellular RNA is of
this type. The molecular weight of rRNA ranges from 40000-1000000. It may have some folds
to have a complex structure. rRNA units along with protein constitute the protein synthesizing
factory or the ribosome.
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Transfer RNA (tRNA) :

It is smallest form of RNA made of only 75 to 100 nucleotides. It is also known as the
soluble RNA. It forms about 10-15% of total cellular RNA. The molecular weight of tRNA varies
from 25,000-30,000. It transfers the amino acids from the cytoplasm to the ribosome, during
protein synthesis.

In 1964, Holley gave the detailed structure of tRNA through the ‘Clover leaf model'. In
that model, it was proposed that tRNA has three loops and a lump. The anticodon loop has the
complementary base sequence with respectto a codon of mRNA facilitating the attachment
of tRNA with the later. Other two loops are TYC loop or ribosomal binding loop and DHU loop or
amino acyl synthetase binding loop. The 3’ end of tRNA ends with CCA-OH, which acts as the
amino acid attachment site. The other end ends with G. (Fig. 7.4)

@ 3 OH amino acig
. . acceptor end
Amino acid g" *
A
Send pG, . ¢
5-p ¢-a
Amino acid stem G -G,
(7 base pairs) D (dihydrouridine) G U Thymine (T¥ C)loop
loop (7-12 A, * U (7 unpaired bases)
unpaired bases) U« A
U « A
O Q G.AC A @Q' .-?,n@
vl e O
@ « s . b ® @©
(8 ®G A G G, VU me ’
bl miG A G,
c-.a AN
Extra arm cC -G Extra or variable oop
. AU (from 3 to 21 bases
Anticoden loop yror
G N diff
~~ GO\, Pyrimidines A '3'% " erent NAS)
§ Cm A Anticodon loo,
Modified purine () ® P
L3
\// gm A A
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Fig. 7.4 : A simplified model of tRNA

In eukaryotes a variety of other RNAs make RNA world. These are small heterogenous
nuclear RNA (snRNA), the precursor of mRNA or heterogenous RNA (hnRNA) or snRNA,
concerned with mRNA processing and small nucleolar RNA (snoRNA) concerned with ribosomal
RNA processing in nucleolus.There are many other minor RNAs named on basis of their
sedimentation co-efficient like 28SRNA,16SRNA,5SRNA etc.

7.3 PACKAGING OF DNA :

DNAs is eukaryotic chromosomed are large molecules. These are precisely packaged
by compacting DNA with histone proteins into repeating nucleosome (Chapter-7 of Biology-I,
Page-341, 2016). In prokaryotes lacking a defined nucleus the DNA is held with some proteins.
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7.4 DNA REPLICATION :

In a multicellular organism, all the cells possess the same quantity and quality of DNA
as all the cells are derived from the successive divisions of a single cell. It is a fact that whether
a cell has only one chromosome (as in prokaryote) or many chromosomes (as in eukaryote) the
entire genome must replicate precisely once per every cell division. The basic principles of DNA
replication in relation to cell cycle are:

* Once the DNA replication is initiated, the cell is committed to a division.
* The cell division cannot occur until the replication of entire genomic DNA is

complete.

7.4.1 DNA Replication is Semiconservative :

The Watson-Crick

DNA
i 1. Bacteria were grown in a
double helical model for DNA Bacterial ce medium conditgloning a
heavy isotope of nitrogen.

suggested that the basis for
. . . . 2. Bacteria were then
copying genetic material is allowed to grow in a

medium containing a
lightisotope of nitrogen.

base complementarity. The
base sequence of one strand
of a DNA molecule determines
the sequence on the other SRRY mmheR SRR
strand as the two strands are
complementary to each other.
The complementarity of two 3. Atvarious times, the

DNA from bacteria cells
strands provides a means for

was extracted.

the accurate replication of the 4. The DNAwas suspended
DNA molecule. Duri ng in a cesium chloride solution.
replication, the two strands
separate into two single strands
and then appropriate
complementary nucleotides are
assembled on each exposed
strand to form two DNA
molecules. These two new DNA

Centrifugation

Control group Labeled parent F, generation F, generation DNA

molecules have one strand (unlabeled DNA) DNA  (both DNA (one one (one  unlabeled
strands heavy)  heawyllight hybrid ~molecule, one heavy/

each from the original molecule molecul) light hybrid molecule)

replicated and one strand each Fig.7.5 : Meselson-Stahl experiment to

demonstrate semiconservative replication.
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newly synthesized. Thus, as in every DNA, one parental strand is conserved and one new
strand is synthesized, this mode of replication is known as semiconservative replication.

The semiconservative mode of replication was experimentally proved by Mathew
Meselson and Franklin Stahl of California Institute of Technology in 1958 with E.coli. They
grew bacterial strain in a medium containing heavy isotope of Nitrogen (N** Ammonium chloride)
as the only source of Nitrogen. After several generations, all the nitrogenous bases of bacterial
DNA got labeled with N** Nitrogen. These radio-labeled DNA have greater density than DNA
with normal nitrogenous bases. Then the culture of bacteria was washed to make them free
from the medium and was transferred to medium containing normal N**ammonium chloride.
After one generation the density of DNA extracted from the cultured bacteria was intermediate.
This is because during one generation time each DNA double helix had separated and an old
strand (with N*°) had synthesized a new complementary strand (with N*°). The intermediate
density is usually referred to as hybrid density. After two generations of growth in the normal
medium with N4, half of the DNA was of hybrid density and half was light or normal. The density
of DNA were compared by density gradient centrifugation in concentrated solution of Cesium
chloride. As the growth generations continued in light or normal medium more and more DNA
present would be light. This confirmed the semiconservative mode of replication.

Semiconservative mode of DNA replication in bacteria was also demonstrated by
J.Cairns using autoradiography.J.H.Taylor and his co-workers established semiconservative
mode of replication in Vicia faba (eukaryote). Semiconservative mode of replication of
chromosome can be visualized through an examination of chromosomes that are allowed two
rounds of replication in medium containing bromodeoxy-uridine and staining replicated
chromosomes with fluorescent dye and Giemsa.The newly synthesized strand of each DNA
stain differently from old strand. Such chromosomes where the two strands of DNA are stained
differently are called harlequin chromosomes. Presence of harlequin chromosomes confirm
semiconservative mode of replication.

7.4.2 Pre-requisites and steps of DNA replication :

The process of DNA replication is fast, accurate and complex requiring several enzymes
and protein factors. This process has been worked out in detail in E.coli and its viruses as a
result of over last 40 years of extensive research. DNA replication in prokaryotes as well as
eukaryotes involves some basic steps which can be outlined as follows:

° Unwinding and separation of the two parental strands of DNA.

° Each parental strand then serves as a template for the synthesis of a new strand
basing on the complementarity of the sequence of nucleotide of the old template
strand.

° One parental strand and one new strand wind together into a double helix.
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DNA replication does not begin
just at any where on a DNA. It originates
at specific site called replication origin and
then proceeds in one or both the
directions. A DNA segment specifying an
origin has been isolated from E.coli and
several Coli phages and plasmids as well
as from Yeast and a number of eukaryotic
viruses. In E.coli, the origin is a unique
sequence of DNA of about 245 base pair
Iong and known as Ori C. ltis A-T rich so Replicating 6 structure Appearance qf 0 structure

by electron mioscopy

that the two strands easily separate at the . . o .

. L = ) Fig.7.6 : Replication eye or g-replication (Theta) in
origin. The origin is specifically recognized prokaryote.
by a replication initiator protein which
binds to the origin to begin replication. In Yeast, the origin is known as Autonomous Replicating
sequence (ARS) and is 150 base pair long. ARS is the binding site for Origin Recognition
Complex (ORC). The replication initiated from the origin proceeds along replication forks. So,
each origin has two terminii. One origin with its two unique termini is called a replicon.In
prokaryote like E.coli the entire circular DNA is a single replicon. But eukaryotes with larger
DNA have several origins per DNA.

The DNA replication can be unidirectional or bidirectional. At the origin when the two
strands separate it forms a replication eye (Fig. 7.6). In unidirectional replication, one of the
two ends of the “eye” remains stationary while
the other end moves along the replication fork.
In bidirectional replication both ends move Appearance
along the replication (Fig. 7.7). An example
of unidirectional replication is replication of
mitochondrial DNA (mt DNA) in vertebrates.

Nonreplicated DNA Replication eye Nonreplicated DNA

DNA polymerase

This is the enzyme which polymerises
deoxyribonucleotides. It adds
deoxyribonucleotides to the 3’'OH end of a Molecular structure
growing polynucleotide. The new nucleotide
comes as nucleoside-triphosphate and is

joined to the open —OH of polynucleotide by W | m
AN\

the removal of pyrophosphate.

Polynucleotide (n) + d NTP

—_»
. ~ Polymerase
Polynucleotide (n+1) + PPi

Fig. 7.7 : Bidirectional DNA replication.



182 1 Bureau’s Higher Secondary, BIOLOGY (Class- XII)

Arthur Kornberg and his colleagues in Washington University in 1956 isolated the first
DNA polymerase from E.coli. It was then known as Kornberg enzyme. But later named as
DNA polymerase | due to the discoveries of other polymerases like Polymerase Il and polymerase
lll from the same strain of E. coli. Polymerase Il is the major polymerase involved in DNA
replication. Polymerase | and Il are involved in DNA repair and proof reading in prokaryotes.
DNA polymerase (Pol) requires a template for synthesis of a new strand. They can synthesize
only in the 5’-3' direction. This enzyme cannot start DNA synthesis, rather can only add to an
existing primer strand. A primer is a small DNA or RNA strand hydrogen bonded to the template.
During DNA synthesis new nucleotides are added to the open 3' OH end of the primer or
growing polynucleotide so that the synthesis is always in the 5'-3’ direction. Polymerase Il has
got exonuclease property, i.e. it can remove nucleotides from the 3’ end of the growing DNA
strand (3'-5" exonuclease). It helps in proof reading so that any wrong nucleotide added at 3’
end can be removed. Pol | has 5'-3' exonuclease function, it can remove short RNA primers
from RNA-DNA hybrid. (Table 7.2)

Table 7.2

Properties of different DNA polymerases

Enzyme DNA Polymerase DNA Polymerase DNA Polymerase
Activity | Il 1l
1. 5to3 Yes Yes Yes
polymerase
2. 3'to? Yes Yes Yes
exonuclease
3. 5t03
exonuclease Yes No No

7.4.3 Mechanism of DNA Replication :

The entire set of enzymes and protein factors involved in DNA replication is known as
replicase system orreplisome (Table 7.3). The initiator protein recognizes the unique sequence
of origin and bind to it. DNA helicase enzyme unwinds the double stranded DNA by breaking
the hydrogen bonds between the nitrogenous bases. Then single strand binding proteins
(SSB proteins) bind to the separated strands to keep them in extended position and also to
prevent rewinding and attack by single straind nuclease. As a result of the combined action of
the enzyme helicase and the protein factors SSB a “V"-shaped fork is created at the origin
known as replication fork. One must understand that in a bidirectional replication two replication
forks are created in opposite direction at the origin. The open ends of the two forks meet at the
origin and appears like two “V"s facing each other. As the replication fork moves through the



Molecular basisof Inheritance 1 183

unwinding of the DNA strands a positive super coil is created

in the unreplicated portion of DNA ahead of the fork. This is

like a knot ahead of fork so that further movement of the fork

is hindered. This super coiling is removed by an enzyme called

as topoisomerase |l or gyrase in E.coli and topoisomerase

| in eukaryotes.In E.coli the enzyme makes cut on both the

strands of the circular DNA and then one segment of DNA

passes through other to relieve the super coil and then the

cut is sealed. DNA polymerase requires a primer strand for

the addition of nucleotides. Enzyme primase synthesizes a

short primer complementary to the 3’ end of the templates.

The replication fork moves by unwinding the double stranded

DNA. As aresult, one template strand is continuous with the

replication fork, i.e. the direction of movement of fork is along

the 3' to 5’ direction of the template strand. In the same

replication fork, the other strand is not continuous with the

movement of the fork as the fork opens behind the 3’ end of

this template strand. The template strand whose 3'-5'

direction coincides with the movement of fork is known as

leading template strand or leading strand. This strand

requires a single initiation event at the start of the replication

and then the new DNA synthesis takes place continuously.

The other strand whose 3'-5" direction is opposite to the Fig.7.8: Semiconservative DNA
direction of the movement of replication fork is known as replication.

lagging strand. On the lagging strand, the direction of DNA synthesis (always in 5'-3" direction)
and movement of fork are in opposite direction. In this case, continous DNA synthesis is not
possible rather short DNA strands are synthesized discontinuously which are later joined.
Synthesis of each strand coincides a single movement of the fork and necessitates an initiation
event each. The small DNA strands on the lagging strand are called Okazaki fragments after
the Japanese Scientist Reiji Okazaki who first observed those fragments. He observed fragments
of 1000-2000 nucleotides long in prokaryotes and 100-200 nucleotides long in eukaryotes. One
must understand that in a bidirectional replication, from the origin of replication a particular
template strand is leading strand along the movement of one replication fork and lagging strand
along the opposite replication fork. (Fig. 7.9)

Each Okazaki fragment on the lagging strand has its own primer. The primosome
protein complex moves along the lagging strand and forms RNA primer at intervals on which
Okazaki fragments are synthesized. DNA polymerase | enzyme removes the RNA primers from
the lagging strand through its 5'-3" exonuclease activity and fills the resulting gaps by adding
nucleotides complementary to those portions of lagging strand.

Finally ligase enzyme joins the Okazaki fragments to give a continuous DNA strand
complementary to lagging strand. (Fig. 7.8)
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Table 7.3
Enzymes and protein factors associated with DNA replication in E.coli.
Proteins/ Roles in Replication Appx. molecules Remarks
Enzymes per cell
Helicase Unwinds double helix 20 size-300kd, moves
to produce single along lagging strand
strand templates it is a DNA B-protein
Primase Synthesizes RNA Primer 50 Size-60kd, a subunit of
Primosome complex,
synthesizes RNA Primer.
SSB Proteins Stabilize single strand 300 size-74kd. Tetrameric
template preventing protein, its positive
rewinding charges interact with
negatively charged
phosphates of DNA
DNA gyrase Relieves Super-coiling 250 Size-400kd. Itis
or torque Topoisomerase I
requires ATP hydrolysis
effects double stranded
cuts.
DNA Polymerase Il [ DNA synthesis on both 20 Size-900kd. Exists as
strands repliosome. Fast
Polymerising enzyme.
DNA Polymerase | | Removes RNA Primers 300 Size-103kd, slow
by 5’-3' exonuclease polymerising enzyme;
activity and gap filling | hence required in
large number.
DNA ligase Joins Okazaki fragments 300 Size-74 kd. Seal open
on lagging strand; DNA | ends of DNA, through
repair 3'-5' phosphodiester

formation.
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Newly synthesized strand

Leading strand template

DNA polymerase
/ Single-stranded DNA-

binding proteins (SSB)

DNA helicase
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DNA polymerase lil recognizes the RNA
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Fig. 7.9 : Replication Fork showing association of different enzymes & Proteins

7.4.3 Eukaryotic DNA Replication :

The replication events at the replication fork are much the same in eukaryotes as in
prokaryotes except that the enzymes and protein factors are different. The main polymerizing
enzyme is polymerase a, B, v, 8 & € (Table 7.4). This polymerase enzyme is much slower in
comparison to that of prokaryotes. DNA pol 11l adds about 1000 nucleotides per second whereas
DNA pol o adds about 50 nucleotides per second. The SSB protein is known as Replication
factor A in eukaryote and the topoisomerase is Type | topoisomerase.

Table 7.4
Activities of eukaryotic DNA polymerase
Polymerase Function Proof-reading
Pol a Contains primase Absent

Initiates DNA synthesis

Pol B Repair Absent
Pol y Replicates mitochondrial DNA Present
Pol & Elongates leading strands and Present

Okazaki fragments

Pol ¢ Repair Present

Another big difference is the sheer amount of DNA and the larger size of DNA. Eukaryotes
have more than one chromosomes and each chromosome has DNA larger than the genome of
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a bacterium. For example, the total length of human DNA of one cell is about 2 meter whereas
that of E.coli is only 1 mm. So for larger DNA to replicate in quick time, eukaryotic DNA have
multiple origin and each eukaryotic DNA is a multiple replicon. The yeast cell chromosomes
have about 400 origins and each human DNA with about 1000 origins. Imagine a situation of
human genome with 4x10°base pairs to replicate as a single replicon: it will take several weeks.
But the cell cycle is completed in 24 hours and for that cycle to operate in time, the DNA
replication in human is completed in 6-8 hours of S-phase. This is achieved due to the presence
of multiple origins.

During the S-phase of the cell cycle, the DNA replicates only once and then the cell
divides. Hence the amount of total DNA is first doubled in S-phase and then equally divided
between the two daughter cells during the cell division. Thus the DNA level (and the chromosome
number) is kept constant after successive cell divisions. The accurate replication of DNA and
their equal distribution among the daughter cells form the basis of transmission of hereditary
characters. Any error in DNA replication is taken care of by DNA repair mechanism available in
the cell. But, imagine a situation where DNA divides not once but many times before a cell
division. In such a situation the total DNA will increase two times, four times or many more times
and the subsequent cell division will produce polyploid cells (cells with more than the normal
number of chromosomes).This does not happen as the cells have a replication licensing system.
During the cell division, in the anaphase stage the replication origins are licensed by a
nondiffusible Replication Licensing Factors or RLF. After the anaphase, no further licensing
can occur due to the presence of nuclear membrane. The RLF allows DNA to replicate once in
the S-phase and the RLF get destroyed during replication. Further round of replication will
require further licensing. Unless the cell undertakes division cycle, it cannot come to anaphase
and licensing of origins cannot occur. This mechanism ensures that a cell must divide after a
single round of DNA replication.

7.5 TRANSCRIPTION :

Chemically genes can be DNA or RNA but in most life forms DNA is the genetic material.
The genetic substances not only controls the inheritance of traits or characters from one
generation to the next, but is also able to express its effect through the formation and functioning
of traits. The basic concept of heredity is the ability of cells to use the coded information in their
genetic materials to produce particular proteins, which thereby determine the behavior of the
cell. In fact, proteins are the tools of heredity. It is important to note that a gene can be responsible
for the synthesis of a polypeptide or for the synthesis of a tRNA or rRNA. All these three functions
together determine the characters of the organism. The relationship between the genes and
the characters can be summarized as: Genome to phenome concept.
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Genome (Total genetic material)

l

Transcriptome (Total RNA)

l

Proteome (Total Protein)

l

Phenome (Total Phenotype)

It is evident that cells use RNA to make proteins. Hence gene expression involves two
steps: transcription (RNA making) and translation (Protein making). In the first step (transcription)
the coded message present in the DNA as the nucleotide sequence is passed on to the mRNA
(messenger RNA). In the second step of translation, the coded message in mRNA is translated
into the language of polypeptides. The mRNA simply act as a messenger recruited by DNA to
carry the genetic information to the site of protein synthesis,i.e, the ribosomes. Initially most of
the information about gene expression were gathered from prokaryote (E.coli) and gradually
with developed techniques information about eukaryotic gene expression were obtained from
Yeast, Arabidopsis thaliana and other eukaryotes.

7.5.1 Central Dogma:

The flow of genetic informations from DNA through RNA to protein and the transmission
of characters through replication of DNA is known as central dogma in molecular biology.
(Fig.7.10A)

Transcription Translation
—>

DNA RNA ———  PROTEIN

Fig. 7.10A : The unidirectional flow of genetic information from DNA to protein, the central dogma.

This central dogma holds good for most of the cellular genes. But some viruses like
Tobacco Mosaic Virus have RNA instead of DNA as the genetic material. Further two other
information pathways have been discovered. These are: (1) RNA dependant RNA synthesis or
RNA replication and (2) RNA dependant DNA synthesis or reverse transcription. These
discoveries led to the modification of the central dogma, (Fig.7.10B)

RNA Replication

DNA G)NA Transcription O Translation
?

o RNA —> PROTEIN
Replication

Reverse
Transcription

Fig. 7.10B : Modified central dogma



188 1 Bureau’s Higher Secondary, BIOLOGY (Class- XII)

The first step in the genetic information pathway or the central dogma is the transcription.
In this step the genetic information from DNA is passed to RNA through enzymatic synthesis of
a RNA molecule on a DNA template. Generally we mean the synthesis of MRNA as transcription
but the synthesis of rRNA and tRNA is also transcription. For a particular RNA (either mRNA or
rRNA or tRNA) in a defined sequence of DNA acting as gene only one of the two strands of the
defined DNA sequence act as the template strand. This template strand is known as template
/ sense / plus (+) strand. On the template strand, RNA is synthesized basing on the principle
of base complementarity except for Uracil (U) in place of Thymine (T). The other strand in that
particular DNA segment is known as coding / nonsense / minus (-) strand for that particular
RNA. It may be noted that for any other RNA for which the gene is read in reverse direction this
template strand becomes coding strand and the coding strand becomes the template strand.
The synthesized RNA is a copy of the coding strand except for the presence of Uracil in place
of Thymine of coding DNA strand. Two types of genes are transcribed; (1) RNA genes and (2)
structural genes. The RNA genes transcribe tRNA and rRNA and the structural genes are
transcribed into mMRNA which are translated into polypeptides. The segment of DNA that takes
partin transcription is known as transcription unit. This unit has three components; (1)the promoter
sequence, (2) the structural genes or the RNA genes and (3) the terminator sequence. The
eukaryotic transcription may require other sequences like enhancer, silencer etc. The promoter
sequence precedes the structural gene on the coding strand,i.e, towards the 5’-end of structural
gene or upstream side of structural gene (which is 3'-end of template strand)

The promoter is the sequence to which the transcribing enzyme RNA polymerase (RNA
Pol) binds. This sequence is known as TATA box or Pribnow box in prokaryotes and TATA or
Hogness box in eukaryotes.

The enzyme that carries out transcription is known as DNA dependant RNA polymerase
or simply RNA polymerase (RNA pol). Like the DNA pol, RNA pol catalyzes polymerization of
ribonucleotides basing on complementarity of the template strand. The new ribonucleotides are
added to the open 3’-end so that the RNA is always synthesized in 5’-end to 3'-end. The only
difference is Uracil incorporated to growing RNA instead of Thymine. The RNA pol does not
require a primer unlike DNA polymerase.

RNA Pol. is purified and its structure and function is known in detail. It consists of five
polypeptide chains: 2 chains of a-polypeptides, one chain each of B, B, and 5. Thus the enzyme
can be represented as o.B,B, (Table 7.5). The association of 6 factor is not very firm and it
dissociates from the core enzyme, i.e, o B,B,. The core enzyme associated with ¢ factor is
known as holoenzyme. The core enzyme alone is capable of polymerization of ribonucleotides
but sigma factor is required to initiate the RNA transcription at the correct site. The core enzyme
has two ribonucleotides binding sites: (1) Initiation site and (2) Elongation site.
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Table 7.5
Different sub-units of RNA polymerase
Subunit Mass in Location Possible function
Daltons
a, 40,000 each Core enzyme Promoter binding
B, 155,000 Core enzyme Nucleotide (Substrate) binding
B, 160,000 Core enzyme Template binding
o 85,000 Sigma factor Initiation

7.5.2 Transcription In Prokaryotes :

Prokaryotes have only one type of RNA polymerase for the transcription of all types of
genes (structural as well as RNA genes). But different sigma factors may associate with the
same core enzyme at different times for expression of different genes. In E.coli, 6’°is used in
normal condition o3 / " under heat shock, ¢* / o under Nitrogen starvation and ¢ for

chemotaxis.
Coding (-)/Anti  Template (+)/ sense
strand sense Strand
51' 3
Promoter lSG, SG, SG, | Terminator
3' » 4 5'
Start Point  Structure genes .
Up stream sequence Down stream sequence
I< | 7]
| A typical transcription unit N
Fig. 7.11 : Atypical bacterial transcription unit.
I. Initiation :

The transcription is initiated by the binding of the holoenzyme to the promoter. The 6
(sigma) polypeptide of the holoenzyme binds loosely to a sequence of the promoter even before
the opening of the DNA double helix. Thus a loose/ closed binary complex is formed. After
this complex is formed the adjacent sequence of the DNA denatures forming a transcription
eye or bubble. The denaturing facilitated as the promoter region is AT rich. This transcription
bubble along with the bound holoenzyme is called an open binary complex. The transcription
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start point is a purine in 90% of cases. The first and the second nucleotide complementary to
the first two nucleotides of the template strand binds at the elongation site of the enzyme. A
phosphodiester bond is formed between these two ribonucleotides by a hydrophilic attack of
the 3'-OH group of the first ribonucleotide triphosphate on the first phosphate bond of the
second nucleotide so that a pyrophosphate (P-P) is released in this reaction. Now the complex
consists of a partly denatured DNA bound with the holoenzyme having a di-ribonucleotide. This
complex is known as a ternary complex.More ribonucleotides are added without any movement
of the holoenzyme so that a RNA chain of about nine nucleotides is synthesized. During the
incorporation of the nucleotides in the initial stage, there is the possibility for the release of
small RNA chains, a process described as abortive initiation. Acycle of such abortive initiation
occurs before the definitive initiation begins. Once the initiation succeeds, the sigma factor
dissociates from RNA polymerase, leaving the core enzyme for the elongation of RNA chain.

The dissociation of sigma
facilitates promoter clearance of 4
RNA polymerase

core enzyme so that another : e :
holoenzyme may bind to :
promoter for another round of l Polymerase binding
transcription to begin (Fig. 7.12).
Il. Elongation : 5 N 3

Elongation of RNA chain 3 o ?’nar) o
takes place by the addition of '
ribonucleotides to the 3’-end of DNA melting
the RNA so that the RNA chain o
grows in 5’-3’ direction. For this 5 Transeription bubble 3
to happen the transcription Open binary complex
bubble moves in the 3'end to 5’ ¥ ) 5
end of the template strand. | Initiation of polym erization
When the holoenzyme moves
along the bubble the DNA duplex 5 . 3
unwinds (denature) in the 3 )[ LT“"‘”-VS",““‘P'”
growing point and rewinds at the )
opposite end. The new End of initiation and Initiation _ A -
ribonucleotides are added to the of clongation @ Yamatactor elessed
3’-end by the same mechanism 5 3
of hydrophilic attack, based on , '
the complementarity of the 3 .5
template strand. In each Fig. 7.12 : Binding of RNA polymerase
successive elongation cycle, the and initiation of RNA synthesis.
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_4RNA polymerase
Coding strand

Rewinding Transcription bubble

Unwinding

Template strand
mRNA

—

Direction of movement of the transcription bubble and RNA Polymerase

Fig. 7.13 : Elongation of RNA chain by the movement of RNA polymerase and transcription
bubble in 5’ to 3’ direction.

growing site or leading product site of the enzyme is filled with ten newly added nucleotides
and the opposite point or lagging product site contains the previous segment of the RNA.
About forty nucleotides are added per second at 37°C. RNA pol. in some phages like T, T, etc.
synthesize RNA at a much rapid rate of about 200 nucleotides/second at 37°C. (Fig. 7.13)

I1l. Termination :

In prokaryotes, termination of transcription is brought about by certain termination signals
on DNA called terminators (these are DNA sequences).In E.coli the termination signals fall
under two categories, such as:

1. Intrinsic terminators or protein factor rho (r) independent.
2. Extrinsic terminator or rho dependent.

In the intrinsic termination, the RNA at its 3’-end contains a long stretch of U residues
hydrogen bonded to the long stretch of A residues of the template. In the stem of the RNA,
there is a stretch of G-C rich segment. The G-C rich segment results in a hair-pin loop formation
in the RNA stem. As a result the weak association between A-U in the long stretch of termination
sequence break and the RNA is released.This happens because the formation of hair-pin loop
in the stem of RNA before the termination signal slows down transcription and as a result dA-rU
bonds break at any one point releasing RNA from RNA-DNA hybrid.
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In extrinsic termination rho protein is required. It is an important protein factor responsible
for termination of transcription of many genes in E.coli. This protein is active as an hexamer
(having six identical subunits). It has a molecular weight of 46,000 and also has ATP hydrolyzing
activity. Rho factor binds to the 5-end of nascent m-RNA and scans down along the length
of m-RNA until it reaches the termination point. At termination point when the transcription
slows down rho breaks ATP and utilizes that energy to denature the RNA-DNA hybrid so that
the RNA is released from the bubble.

In prokaryotes, as many structural genes are contiguously present and are transcribed
together the transcribed mRNA is polycistronic.

7.5.3 Transcription In Eukaryotes :

The basic mechanism of transcription in eukaryotes remains the same as in prokaryotes.
However, many trnanscription factors (TF) are involved in eukaryotes and also there are other
controlling sequences like enhancer and silencer. Further in eukaryotes, there are different
polymerases for the transcription of different genes, such as:

()  RNA pol.l Found in nucleolus, catalyzes transcription of 28S, 18S and 5.8S rRNA
as a single long precursor RNA which is then spliced to different constituent RNAs.

(i)  RNA pol.ll Present in nucleoplasm,catalyzes the transcription of all MRNA from
all protein coding genes.

(i)  RNA pol.lll Found in the nucleoplasm, responsible for the transcription of all
tRNAs and 5S rRNA.

(iv) Organellar RNA pol. These are responsible for transcription of mitochondrial
and chloroplast genes. The RNA pols. are organelle specific.

Interrupted Genes and RNA Splicing in Eukaryotes :

Most eukaryotic genes are interrupted by non-coding or non-translatable sequences
known as introns. The coding or translatable sequences are known as exons.Such genes are
called split genesl/interrupted genes. Both intron and exon sequences are transcribed to
produce a primary transcript/precursor RNA/pre RNA. The precursor RNA for mRNA is
known as heterogenous RNA/hn RNA. Following the transcription, the intron sequences are
removed and exons are joined to form a mature or functional RNA. This process is known as
RNA splicing. For this reason, the RNA transcript in nucleus differ from the mRNA found in the
cytoplasm for translation. For each split gene, only about 25% of hn RNA take part in splicing
leading to mMRNA formation. The rest undergoes degradation. (Fig. 7.14)

The hn RNA(hetrogenous nuclear RNA) gets modified by the addition of 7-methyl
Guanosine residue (m7G) to the 5-end even before the transcription is completed. This is
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called 5’-capping. The 5’-cap of m7G helps in recognition of ribosome. The capping is initiated
by addition of GTP in 5’-end in reverse orientation of 5’-5’ phosphodiester (not the usual 5’-3’
diester) and then a methyl group is transferred to N-7 by methyl transferase enzyme. However,
some eukaryotic mMRNA like those for histone proteins, lack 5’-cap.

The 3’-end of most eukaryotic MRNA has a long stretch “A” residues added after
transcription. This stretch of “A” residues is called Poly-A-tail and the process of its addition is
called Polyadenylation. Poly-A polymerase enzyme adds a poly-A tail of about 200 Adenine
nucleotide to the 3’-end of the primary transcript.

Some of the hn RNAs are spliced in large complexes called spliceosomes. Spliceosomes
are complexes of proteins and five types of small nuclear RNAs (S RNA). These small nuclear
RNAs are U1,U2,U4, U5 and U6. Some hn RNA molecules are also auto spliced without the
involvement of spliceosome.

5 Exonl | Intronl | Exon 2 Intron 2 Exon3 | 3

A Gene with exons and introns

-~

Transcription

S'M 3'

Primary transcript (mRNA)
Splicing

5'Cap Poly A tail 3'
Introns removed

Introns removed and exons joined

5" Cap —__ Poly A tail 3'

Mature transcript (mRNA) -

Fig. 7.14 : Expression of an interrupted / split gene and RNA splicing.
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7.6 TRANSLATION :

Translation is the second step in the Central dogma where the genetic information
contained in mMRNA transcript is transferred to proteins or polypeptides. Precisely speaking the
genetic information as the nucleotide sequence of mRNA is translated into amino acid
sequence of protein or polypeptide. Translation takes place in complex cytoplasmic machinery
made up of tRNAS, ribosomes and enzymes. It is important to note that all the three types of
RNAs are involved in translation. The mMRNA and tRNA patrticipate directly in the process whereas
rRNA participates as a component of ribosome, the site of translation.

Translation starts when an rRNA molecule in ribosome recognizes and binds specifically
to a “start” site on mMRNA. The ribosome then moves along mMRNA three nucleotides at a time.
Each group of three nucleotides is thus a code defining the next amino acid in the polypeptide
chain.

7.6.1 The Genetic Code :

Francis Crick and his colleagues in 1961 through an experiment in viral DNA concluded
that the genetic code is triplet (read in increments consisting of three nucleotides) and that
reading occurs continuously without punctuation between the three-nucleotide units. A triplet of
nucleotides specifying a particular amino acid is known as a codon and thus, there should be
64 possible codons made out of four nucleotides taking three at a time (43)

Once the triplet nature of the codon was established different scientists then tried to
establish the codons for twenty different amino acids found in proteins. Marshall Nirenberg in
1961 used a synthetic mRNA of Uracil only and found that the translated polypeptide was
composed of Phenylalanine amino acids only. Thus it was established that UUU is the codon
of phenylalanine.

Thenin 1964 Nirenberg and Philip Leder by employing the technique of triplet binding
assay found out some 47 of the 64 possible codons. Har Gobind Khorana worked out the
remaining 17 codons by employing artificial mMRNA (Table 7.6). For this work Nirenberg and
Khorana shared the Nobel prize in 1968 with R.W.Holley who gave details of tRNA
structure.
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Table 7.6
Genetic Code Dictionary
......... Second Base .........

First u C A G Third
Base Base
U UUU Phe UCU Ser UAU Tyr UGU Cys U

UUC Phe UCC Ser UAC Tyr UGC Cys C
UUA Leu UCA Ser UAA Stop UGA Stop A
UUG Leu UCG Ser UAG Stop UGG Trp G
C CUU Leu CCU Pro CAU His CGU Arg U
CUC Leu CCC Pro CAC His CGC Arg C
CUA Leu CCAPro CAA GIn CGA Arg A
CUG Leu CCG Pro CAG GIn CGG Arg G
A AUU lle ACU Thr AAU Asn AGU Ser U
AUC lle ACC Thr ACC Asn AGC Ser C
AUA lle ACA Thr AAA Lys AGA Arg A
AUG Met, Start ACG Thr AAG Lys AGG Arg G
G GUU Vval GCU Ala GAU Asp GGU Gly U
GUC val GCC Ala GAC Asp GGc Gly C
GUA Vval GCAAla GAA Glu GGA Gly A
GUG Vval GCG Ala GAG Glu GGG Gly G

7.6.1.1 Properties of the genetic code :
1. The codon is triplet, ie, : the code for each amino acid consists of three nucleotides.

2. The code is degenerate : There are 64 codes for only 20 amino acids which means
more than one codon for each amino acid. This is the degeneracy of the code.

3. The code is commaless : The reading of the codons on a mRNA occurs continuously
without any punctuation between successive codons.

4, The code is practically universal : The genetic code is same in almost all organisms.
For example the codon AGG specifies amino acid Arginine in bacteria, animals and
plants. But there are some exceptions to it. In mitochondrial genomes, “stop codon”
UGA is read as amino acid Tryptophan, AUA as Methionine rather than Isoleucine and
AGA and AGG as “stop codon” rather than Arginine.
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7.6.1.2 The Start and stop codons :

The start or initiation codon in most

cases is AUG which normally codes for amino S

acid methionine. But when AUG is present as ’ 3 A
initiation codon in prokaryotes, it codes for Acceptor arm g
formylated methionine. Rarely GUG serves pPs' =Pu
as initiation or start codon. As start codon G C

GUG codes for methionine where as it
normally codes for valine. Three codons
namely, ochre (UAA), amber (UAG) and opal
(UGA) are stop codons or non-sense codons
as they do not code for any amino acid. The
translation is terminated at that point where on
MRNA any one of these three codons is
encountered.

UGA or Opal has several roles; some
of which are, 1. termination codon in universal Anticodon arm
genetic code, 2. tryptophan codon in
mitochondria, 3. an efficiently read tryptophan
codon in B.subtilus and E.coli, 4. cysteine codon in Euplotes octocarinatus and selenocysteine
(SeCys) codon in E.coli, mammals, higher plants and fungi.

Fig. 7.15 : Adaptor Molecule or tRNA

The specification of an amino acid by a codon is mediated by a tRNA (Fig. 7.15). It may
be recalled that tRNA has anticodon which matches in base complementarity to a particular
codon.So a particular tRNA is meant for a particular codon and that tRNA is specific to a particular
amino acid. Hence it is obvious that for twenty different amino acids there must be atleast
twenty different tRNAs. In fact there are about forty five different tRNAs for twenty different
amino acids. (more than one for each amino acid). These tRNAs function as adapter molecules.
It is important to note that, excluding the three non-sense codons there are 61 valid amino acid
codons. Then about 45 anticodons on 45 tRNA molecules can match 61 codons. This is possible,
because some tRNA molecules can recognize more than one codons as the third base on tRNA
anticodon allows some “wobble”.

Crick in 1965 proposed the wobble hypothesis. He discovered that if U is present at the
first position of anticodon, it can pair with either A or G present at third position of codon. Similar
is the case with G or | (lonosine, a modified base in tRNA) found in anticodon. Thus the wobbling
allows economy of the number of tRNA molecules and several codons meant for same amino
acid are recognised by the same tRNA. In wobbling U as first base in anticodon pairs with A/G
as third base in codon, G pairs with U/C and | with U,C,and A.
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7.6.2 The Process :

Translation is executed in six steps: (i) binding of MRNA to ribosome, (ii) aminoacylation,
(i) initiation, (iv) elongation, (v) termination and (vi) post-translational modification.

() Binding of mMRNA to ribosome :

Ribosomes occur in the cytoplasm in dissociated condition, i.e., their smaller and larger
subunits separated. In prokaryotes, the transcription factor IF3 helps in dissociation of the two
subunits of ribosome and then binds to the 30S subunit to prevent premature association of the
two subunits. First, the mRNA binds to the smaller subunit. The smaller subunit has two binding
sites: A site or aminoacyl site and P site or peptidyl site. The incoming tRNA with its specific
amino acid binds to the A site and the peptidyl tRNA carrying the elongating polypeptide binds
to P site. The bacterial ribosome contains another site, the E site or Exit site to which the
discharged tRNA or tRNA whose peptidyl has already been transferred binds before its release
from ribosome. The prokaryotic mMRNA has a leader sequence at its beginning just prior to the
initiation codon AUG. This sequence is known as Shine-Delgarno Sequence (SD region),
which has homology with the 3’-end of the 16S rRNA (ASD region) found in 30S subunit. This
complementarity ensures that the 30S subunit binds at the correct position of mMRNA and the
translation process starts from the beginning of mMRNA. In eukaryote the 40S subunit enters at
capped 5’-end of the mRNA and then advances to the start codon by linear scanning.

. Incoming
Outgoing
L ) harged tRNA
discharged tRNA ¢ g-
mRNA
5 ) 3
308
g
Direction of movement of the ribosome
Fig. 7.16 : A bacterial ribosome with three sites ; E, exit site,
P, peptidyl site and A, aminoacyl site

(i) Aminoacylation :

Aminoacylation or activation of amino acid is the step in which all the twenty amino
acids are linked to their specific tRNA in the cytoplasm. This reaction is catalyzed by the enzyme
aminoacyl-tRNA sythetase. There are 20 different types of synthetases for 20 different



198 1 Bureau’s Higher Secondary, BIOLOGY (Class- XII)

amino acids. The amino acids recognized by two or more tRNA molecules are linked by the
same enzyme. In the first step of aminoacylation, aminoacyl adenylate enzyme complex or
aminoacyl-AMP-Enzyme is formed with the release of pyrophosphate.

AA, + ATP + Enzyme AA -AMP-Enzyme + PP
Amino aminoacyl aminoacyl-adenylate
Acid synthetase - enzyme complex

In the second step this complex gets associated with the 3'-OH end (with unpaired CCA
sequence) of specific tRNA molecule. The AMP is now hydrolyzed to form an ester bond between
the amino acid and its specific tRNA, and the enzyme is also released.

AA -AMP-Enzyme + tRNA, AA-tRNA, + AMP + Enzyme
Aminoacyl-tRNA
(i) Initiation (Fig. 7.17) :

The protein synthesis begins from the amino terminal end of the polypeptide, proceeds
by the addition of amino acids through peptide bond formation and ends at the carboxyl terminal
end. In prokaryote, the initiation amino acid is formylated methionine while in eukaryote it is
methionine. So in the prokaryote, there are two types of tRNA for methionine. One is tRNAf™
for initiation carrying formyl methionine and the other one is tRNA™® for carrying normal
metheonine to growing polypeptide.The initiation of polypeptide synthesis in prokaryote requires
the following:

1. mRNA, 2. 30S subunit of ribosome, 3. formylmethionyl-tRNA (fmet-tRNAf™"),
4. initiation factors IF-1, IF-2 and IF-3, 5. GTP, 6. 50S ribosomal subunit and 7. Mg**> The
sequence of events that occurs during initiation are:

1. The smaller 30S subunit of ribosome binds to the transcription factor IF-3 that prevents
premature association of the two ribosomal subunits.

2. The mRNA binds to 30S subunit through the interaction of SD region of mMRNA and
ASD region of ribosome so that the initiation codon AUG is correctly positioned at the
P site of the ribosome.

3. The fMet-tRNAf¥ (the specific tRNA aminoacylated to formyl methionine) binds to the
AUG codon at the P site.The tRNAfV¢t js the only tRNA that binds to its codon present
on the P site. All other tRNA along with their respective amino acids bind to their
codon present at the A site. That is why AUG codon present as initiation codon codes
for formylmethionine and when present at other position codes for normal methionine.
It can be recalled that there are two types of tRNA molecules recognizing the same
AUG codon but carrying two different forms of methionine.
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4. The initiation factor IF-1 binds to the A site and
prevents binding of any other aminoacyl tRNA
to the codon at the A site during initiation.

5. Now the GTP bound IF-2 (GTP-IF-2) and the
initiating fMet-tRNAfVe! join the complex of 30S
subunit-1F3-IF1-mRNA.

6. Then 50S subunit joins the complex formed in
the previous step. The GTP bound to IF-2 is
hydrolysed to GDP and Pi. All the three initiation
factors leave ribosome. This complex of 70S
ribosome, mMRNA and fMet-tRNAf“et bound to
initiation codon at P site is known as initiation
complex.

(iv) Elongation (Fig. 7.18 and 7.19) :

Elongation step involves the addition of further
amino acids so that the polypeptide chain would grow.
This step requires the following: 1. the initiation complex,
2. different aminoacyl-tRNAs, 3. two elongation factors
(EF-Tu and EF-Ts ) and 4.GTP. The elongation process
takes place in three steps:

Step | : Binding of incoming aminoacyl tRNA

The incoming aminoacyl-tRNA binds to a
complex of EF-Tu-GTP to resultin a aminoacyl-tRNA-
Tu-GTP complex. This complex binds to the A site of
70S initiation complex. Then GTP is hydrolysed to GDP
and Pi and EF-Tu-GDP complex is released from the
ribosome.The EF-Tu-GTP complex is regenerated and
recycled by EF-Ts and GTP as follows:

EF-Tu-GDP + EF-Ts =EF-Tu -Ts +GDP
EF-Tu-Ts + GTP = EF-Tu-GTP + EF-Ts

Step Il : Peptide bond formation
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Fig. 7.17 : Stepwise formation of
initiation complex in prokaryote.

This is a catalytic process during which a peptide bond is formed between two amino
acids bound by their tRNA molecules to the A site and P site. This peptide bond is formed
between the free carboxylic group of the N-formylmethionine group attached by its tRNA to the
P site and the second amino acid bound by its tRNA to A site. The N-formyl group is transferred
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to the amino group of the second amino acid
bound to its tRNA at A site. As a result, the
tRNA at the A site contains a dipeptide and
that at the P site becomes empty. The
enzyme responsible for the peptide bond
formation is peptidyl transferase. In
bacteria the 23S rRNA a component of
the 50S ribosomal subunit is thought to
carry out peptidyl transferase function.

Step Il : Translocation (Fig. 7.20)

In this step the peptidyl tRNA bound
to the A site comes to the P site of ribosome,
the empty tRNA at P site comes to the E
site and the A site is occupied by a new
codon for the next incoming aminoacyl
tRNA. This is accomplished by the
movement of ribosome by one codon more
in 5 to 3’ direction of mRNA. The
translocation of ribosome requires EF-G
(translocase) and GTP. The deacylated
tRNA interacts with the E site mainly located
on 50S subunit through its CCA sequence
at the 3’-end. The two step transfer of tRNA
molecules from A site to P site and from P
site to E site could result from the
reciprocating motions of the two subunits
of ribosome. This means that 50S and 30S
subunits move alternately not
simultaneously. Finally the deacylated
(empty) tRNA is released to cytosol from
the E site.

(v) Termination (Fig. 7.21) :

Termination of the synthesis of
polypeptide is brought about by the
presence of any one of the three termination
codons on the mRNA. These termination
codons are recognized by any one of the
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Initiation complex

. Binding of the second
aminoacyl tRNA

Fig.7.18 : Binding of the second anﬁinoacyl tRNA -~
to the A site of ribosome

Deacylated tRNA

A

Fig. 7.19 : Formation of a peptide bond.

Dipetidyl tRNA
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three release factors/
termination factors, RF1,
RF2 and RF3. RF1 and RF2
resemble the structure of
tRNA and compete with it for
binding to any one of the

Deacylated IRNA

termination codon at the A 5!
site of ribosome. This ‘
phenomenon is known as Direction of movement

molecular mimicry.RF1
recognises UAG and RF2,
UGA. Both recognize UAA.
When the A site of the ‘
ribosome encounters a Outgoing
termination codon occupied | dischargediRNA
by a release factor instead
of an aminoacyl tRNA,
elongation of polypeptide
stops. At the P site one tRNA
with the polypeptide chain is

bound to another codon.
The release factor RF3 Fig. 7.20 : Trnaslocation of the ribosome.

Incoming chzirgcd
tRNA

S'

coupled with GTP splits the

peptidyl-tRNA bond. The polypeptide is thus released and the discharged or empty last tRNA is
also released from the P site. The ribosome dissociates into 50S and 30S subunits. In eukaryote
only one release factor eRFI is known.

7.7 GENE EXPRESSION AND REGULATIONS :

In any organism, all the proteins or enzymes are not required always, which means all
the genes are not required to express at a given time. Further in multicellular organisms different
cells of the same individual organism differ in their structures and functions though all these
cells are derived from a single cell, the zygote, and thus contain the same set of genetic
complements. For example, the liver cells and muscle cells though derived from the same
zygote and have the same complements of genes, liver cells produce biles while muscle cells
cannot. Similarly, the young plants cannot bear flowers and fruits but the matured plants can,
though the gene complements are the same in both cases. This implies that genes are expressed,
only whenever and wherever they are required to do so. Not all genes present in a cell are
expressed at the same time; some are expressed and some are switched off. There is some
sort of regulation of gene expression so that genes are expressed in appropriate time and also
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in specific cell types. This allows the cell to
conserve its resource and overcome wastage.
However, there are certain genes which are
expressed in all cell types continuously, like the
genes for respiratory enzymes, RNA
polymerase,DNA polymerase etc. These genes
are called house keeping genes or constitutive
genes.

7.7.1 Induction And Repression of Gene
Expression :

Some genes are normally switched off
and the presence of certain substances, switch
on the genes. Such type of gene regulation is
called induction. Synthesis of an enzyme in
response to the presence of its substrate is called
induction and the gene is called inducible gene,
and, the substrate itself is known as inducer.

Generally the enzymes of catabolic pathways are —
inducible. One should bear in mind that this : '

induction allows the cell to conserve its resource
and avoid wastage. When the substrate is not
available, the enzyme has no role to play and ]
the cell does not synthesize the enzyme, thereby Fig. 7.21 : Termination of translation
conserve the huge resource that would have been utilized in the transcription and translation of
the enzyme gene.

RNA'

3
mRNA

Conversely when the expression of a gene is turned off in response to a substance, the
process is called repression (Fig. 7.22) and the gene is called repressible gene. In this case,
the genes are normally on and producing their proteins (enzymes) responsible for synthesis of
some other products. But when the end product itself is available to the cell the gene expression
is switched off. The repressing substance is known as co-repressor and is usually the end
product of an enzymatic pathway. Usually the enzymes of anabolic pathways are repressible.

7.7.2 The Operon concept/ model :

Francois Jacob and Jacques Monod in 1961 on the basis of their study on the inducible
system for the synthesis of B-galactosidase enzyme in E.coli proposed the operon model to
explain the induction and repression. They were awarded with Nobel prize in physiology and
medicine in 1965. An operon is a unit of coordinated control of gene expression in bacteria
(prokaryote) including the structural genes and the controlling sequences on DNA
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recognized by regulator gene
product. An operon thus consists
of, (i) an operator gene /
sequence which control the
activities of a number of
contiguous structural genes that
take part in synthesis of protein
(s). The structural genes
synthesize mRNA molecules
under the operational control of
operator. The operator is under
the control of a repressor
molecule synthesized by
regulator gene which is not a
part of operon.

In the inducible system
(Fig. 7.23) the regulator
synthesize active repressor protein which as an active dimer binds to the operator inhibitng the
binding of RNA polymerase to the promoter, thereby inhibiting the expression (transcription) of
all the contiguously present structural genes. In the presence of inducer the repressor instead
of forming an active dimer forms iducer-repressor complex which does not bind to the operator.
As a result, RNA polymerase binds to the promoter and all the structural genes are transcribed
into a common MRNA (polycistronic).

Fig. 7.22 : The repressible operon

In the repressible system, the regulator synthesizes inactive repressor that cannot bind
to the operator, so that the operon is turned on normally. When the corepressor is present, the
inactive repressor forms a complex with the co-repressor which binds to the operator and prevents
gene expression.

Lac Operon in E.coli

The lac operon found in E.coli is an inducible system responsible for the synthesis of
enzymes involved in lactose (the milk sugar). It has an operator sequence of 26 base pairs and
three structural genes. The first structural gene (SG) is lac z of 3063 base pair and is responsible
for the synthesis of the enzyme B-galactosidase. The operator is a part of lac z. The other two
genes are lac y for sythesis of B-galactoside permease and lac a for B-galactoside
transacetylase. p-Galactoside permease is a transmembrane protein that pumps galactose
into the cell and B-galacto- sidase breaks lactose to galactose and glucose. The function of
galactoside transacetylase is not clear. When lactose is available to the bacterium, the active
repressor produced by the regulator forms an inactive dimer with lactose, as lactose, the substrate
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of the enzyme galactosidase acts as an
inducer. This inactive dimer cannot bind
to the operator and the three contiguous
structural genes are transcribed into a
polycistronic or polygenic mRNA. This

the regulator gene
R, Kepressor-Operator
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polycistronic mRNA is translated into lmmm N
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7.8 GENOME AND HUMAN
GENOME PROJECT :

regalator gene
Regulator gene
RNA Polymerase

Operator
SGy
$G2
SGy

Genome ordinarily means the
haploid set of chromosomes in a gamate

. . Transcripti . .
or microorganism or each cell of l ranseription Structural G enes
. . . T seripti
multicellular organism. It consists of DNA I l ranscription
ransiatio
(or RNA in RNA viruses) l ~— T
Repressor Protein Polycistronic mRNA
Each genome contains all of the l' Inducer L
. . . . . {Lactose) ) \L Traunslation
information needed to build and maintain w - '
an organism. The human genome ‘ T T T
. . Represser-Inducer Repressor-Inducer Polypol tid
project was formally launched in 1990 Comples dimer CHRvIpEpIEE
with goal of determining the sequence Fig. 7.23 : The inducible operon model

of base pairs which make up human DNA and, also of indentifying and mapping all of the genes
of human genome. In May 2016, scientists considered extending the project to include creating
a synthetic human genome. This $3 billion project was formally founded by US Dpeartment of
Energy and the National Institute of Health and was expected to take 15 years. In addition to
United States, the international consortium comprised geneticists from UK, France, Australia,
China and many other countries. A ‘rough draft’ of th