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FOREWORD 
 

This course has been designed for fulfilling the content expertise of prospective 
teachers who will be enrolled in B.Ed (4 year) or B.Ed 2.5 Year in Allama Iqbal 
Open University. This book is very useful for making up the need of the advance 
content for students and teachers. This book will be helpful to reduce the 
controversy that what type of knowledge, skills and values Science teachers need.  
Some teachers need more content knowledge, whereas some science teachers 
want to enhance their knowledge. Further Scientific knowledge is expanding at 
very rapid  speed. This is the era of scientific innovation and creations. 
Innovations and creations need skillful technologies. Allama Iqbal Open 
University and Department of Science Education has promised to maintain the 
quality and acceptability. This book is one of those series of books which will 
enable the teachers to cope with changing needs of the society and students. 
 
This book is not written by a single author but a group of authors having vast 
experience in the field of Biological Sciences. Arshad Mehmood Qamar Lecturer 
Department of Science Education along with Dr. Muhammad Waseem Assistant 
Professor Department of Biology, Dr. Sobia Mushtaq Visiting Faculty at Arid 
Agriculture University Rawalpindi, were committed to make it possible in this 
shape. Now it is a complete book written according to the approved contents and 
format of AIOU. Other students who are not students of this University can also 
get benefit from this text.  
 
The focus of this book is to provide the students with best knowledge, skills and 
content in the subject of biological sciences. With the help of this book science 
students can explore the natural World, can understand the dynamics of genetics 
and discover new dimensions in the field of Bio-sciences. Keeping in view the 
qualitative aspect of education and an increasing demand of science teachers, 
stress is laid upon science content as well as strengthening their professional skills 
and knowledge. The elements of motivation and love are also considered.    
 
We welcome suggestions and comments for improvements from the readers, 
teachers and public at large for the improvement of this course. 
 

 
Prof. Dr. Nasir Mahmood 

Chairman 
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PREFACE 
 
Though there is lot of books available in market, but there is no book which 
fulfills the requirements of University approved outlines. Some cover one area of 
content while other covers another area. In this way there would be a lot of 
financial burden and dispersed focus. 
 
Further AIOU has its own requirement either to provide compiled material or 
textbook. This book is one of those series for coverage of content area 
requirement for B.Ed ( 4 Year) and B.Ed (2.5 year) in the field of Biology. 
 
This book is written as per prescribed procedure of book development. After 
approval of content from all statuary bodies, approval for starting development of 
this book was sought. Then selection of writers and reviewers was completed. 
Time and again reminders to Unit writers and telephonic conversation were 
carried on  with the writers to expedite the process of writing and review. In spite 
of very tedious work of writers and reviewers, coordinators had to look into 
everything i.e.  Format, self assessment exercises, alignment of the content and 
addition of some essential things and removal of irreverent things.  
 
Great stress has been laid in making the course to facilitate prospectus, in service 
and pre-service teachers for content knowledge regarding Biology. The course is 
equipped with illustrations for better understanding of the reader. Each unit is 
equipped with necessary illustrations, activities and self assessment exercises. 
 
AIOU hope that this book will prove best for the content knowledge regarding 
Biology. 
 
 
 

                                                                                      Arshad Mehmood Qamar 
Course Development Coordinator 
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OBJECTIVES OF THE COURSE 
 

After completing this course you will be able to: 

1.  describe structure and functions of different cells organelles. 

2. describe the chemistry of plant cells and identify the chemical nature of the 

substances present in plant sciences. 

3. describe the reproduction in plants. 

4. illustrate the structure of Ovules. 

5. describe the structure and functions of tissues and organs at embryonic 

level. 

6. explain the concepts of genetics. 

7. describe the cell division and its significance in cell cycle. 

8. describe the changes occurring in chromosomes. 

9. explain the molecular nature of genetics and its applications in human life.. 

10. explore different theories of evolutions with evidences and compare them. 
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INTRODUCTION 
 
Plant systematic is the first unit of this book. Plant systematic is the branch of 
botany that deals with the naming, identification, evolution, and classification 
(arrangement into groups on the basis of similarities and dissimilarities) of plants. 
This unit contains history, nomenclature and morphology of plants. All necessary 
content regarding these concepts have been included in it. Apart from it 
diagnostic characteristics, economic importance and distribution pattern in 
families of plants is discussed in a very easy way. Important features, and 
classification of families, like  Ranuculaceae, Brassicaceae(Cruciferae), Fabaceae 
(Leguminosae), Rosaceae, Euphorbiacae, Cucurbitaceae, Solanaceae, Lamiacae 
(Labiatae), Apiacae (Umbelliferae), Asteraceae (Compositae), Liliaceae 
(Sen.Lato) and  Poaceae (Gramineae) have been described in self explanatory 
way. Unit includes illustrations where needed. Sufficient number of self 
assessment questions is part of this unit.  
 

OBJECTIVES 
 
After completion of this unit, you will be able to; 
 define and explain the terms related to plant systematic. 
 give names to different species of plants according to classification system. 
 describe morphology of the plants. 
 identify the plant species on the basis of diagnostic characteristics. 
 elaborate the economic importance of different plants of different species. 
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1.1  HISTORICAL DEVELOPMENT OF CLASSIFICATION 
SYSTEMS 

 
The early history of development of botanical science is nothing but a history of 
development of plant taxonomy. The herbalists and agriculturists of ancient times 
gathered some knowledge about plants which was passed on from generation to 
generation. 
 
Theophrastus (372-287 BC), the Greek philosopher-scientist, placed this 
knowledge of plants on a scientific footing. In his “Enquiry into Plants” he dealt 
with the plants at large and attempted to arrange the plants in several groups. He 
is, therefore, called the “Father of Botany”. 
 
Pliny compiled a monumental work entitled “Historia Naturalis” where he 
incorporated all information about plants gathered up to that time and added much 
to the same collected by himself from his travels far and wide. Disocorides was a 
contemporary of Pliny and like him travelled a lot and gathered information about 
medicinal plants. He compiled his famous book “Materia Medica” where he 
described about six hundred species of plants mentioning their local name and 
giving their medicinal properties.  
 
Printed books on plants were available towards the close of the 15th century and a 
few German herbalists carried their enquiries about plants still farther making the 
study of Botany quite popular. A German herbalist, Jerome Bock (1498-1554) 
published his “Nue Kreuterbuch” which contained accurate descriptions of about 
600 species of flowering plants. In this book the author tried to trace the natural 
relationship of plants while classifying them into 3 major groups, viz., herbs, 
shrubs, and trees and also noted the original distribution of each species. Another 
German Gaspard Bauhin had formulated the idea of a genus and in many cases 
gave binary nomenclature to his plants. He also collected all names of plants 
published in different botanical works till his time and referred them as synonyms 
along with names he used as correct ones. 
 
John Ray, an English naturalist (1628-1705), set himself seriously to the study of 
plants and gave much thought in proposing a system of classification of plants. He 
was the first to recognize 2 major taxa of flowering plants, viz., Dicotyledons and 
Monocotyledons. He also tried to group the plants into several families which he 
called “classes”. 
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He divided the plant kingdom first into 2 groups, viz., Herbae and Arbores. The 
Herbae were then divided into Imperfectae and Perfectae, the first of which 
included the Cryptogams and the second group, i.e., the Arbores included most of 
the flowering plants. 
 
The Perfectae were subdivided into Dicotyledonae and Monocotyledonae and under 
Dicotyledonae he placed 25 of his classes and 4 under Monocotyledonae. His system 
of classification came out in his “Historia plantarum” of which several editions were 
published and he revised and improved his system in the later editions. 
 
Joseph Pitton de Tournefort, a contemporary of John Ray was the first to give a 
clear concept of a genus although Gaspard Bauhin mentioned it in his works. 
Tournefort’s work proved very helpful in identifying the plants up to the species. 
 
Then came Carolus Linnaeus (1707-1778), a Swedish naturalist (also called Carl 
von Linne), who gave a new impetus to the study of plants. He was professor of 
medicine and botany in the Upsala University. He himself was an arduous 
collector of plants and made arrangement of collecting plant-specimens from 
different parts of the world by sending his students to countries far away and 
through missionary- men and administrators. The discovery of numerous plants 
from all over the world led him to think about bringing an order into the existing 
chaos and set himself in grouping and classifying all the plants known till his 
time. He proposed a system of classification which was published in his “Systema 
Naturae”. In this system he divided the plant kingdom into 20 classes.  
 
In addition to presenting an excellent system of classification of plants Linnaeus 
published books embodying his ideas of nomenclature of plants. The “Species 
plantarum” the first edition of which came out in 1753 contained an enumeration 
of all plants known to him till that date, accompanied by brief description of each 
species with distribution and previous reference. In this work he consistently used 
binary nomenclature for every species with a generic name followed by a specific 
epithet. In his “Philosophia Botanica” he laid down some principles which later 
formed the basis of the International Code of Botanical Nomenclature. Owing to 
the efforts of Linnaeus the study of Botanical science entered the modern age and 
Linnaeus is rightly called the “Father of Modern Botany”. 
 
1.1.1 Classification of Plant Taxonomy 
 
Linnaeus and the botanists before him tried to classify the plant kingdom using a 
single or a few characters chosen arbitrarily. They only thought about the 
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convenience of following a system of classification solely to identify a particular 
plant. Such systems are, therefore, called artificial systems of classification. 
 
In the artificial system of classification very distantly related plants, i.e., plants 
belonging to widely distant natural groups have been placed under one order of a 
class. As Linnaeus made use of the morphological nature of stamens and carpels 
mainly, to classify the plant kingdom his system is also called the sexual system. 
Linnaeus’s system proved to be of great help in identifying a plant and gained much 
popularity. Many flora-writers arranged their plants following Linnaeus’s system. 
The disadvantage in using this system is that it gives no indication as to the natural 
or phylogenetic relationship among different taxa of plants and plants with no 
affinity at all are sometimes placed together in an artificially created group. 
 
1.1.2 Natural System 
 
Bernard de Jussieu (1699-1776) who was in charge of the Royal Gardens in 
France tried to arrange the plants in the gardens following the system of Linnaeus 
and in doing so modified the system to such an extent that it became altogether a 
new system of classification. 
 
This, however, was not published and later his nephew Antoine Laurent de 
Jussieu (1748-1836) published the same in his “Genera plantarum secundum 
ordines naturales deposita”- with some modifications. This was the first natural 
system of classification of plants where he established a hundred Natural Orders 
as taxa above the rank of genera giving distinguishing characters of each. 
 
Later on plant-taxonomists conceived the idea that the plants belonged to some 
natural groups and they tried to designate and distinguish such groups and tried to 
classify the plant kingdom accordingly. Such systems are known as natural 
systems of classification. Such natural grouping gives the idea that the individuals 
under one particular group are closely related to one another although they believed 
in the fixity of species and simultaneous creation of all the groups by God. 
 
The best and most popular of the natural systems of classification is that of 
George Bentham and Joseph Dalton Hooker, two British Botanists, who classified 
the Phanerogamia and gave an account of 202 Natural Orders under that group. 
This was published in their great monumental work “Genera Plantarum” (1862-
1883) where elaborate descriptions of each and every Genera and of the Natural 
Orders were given together with names of all species under each genus, the 
synonyms, localities and reference to literature. 
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Keys are also provided for easily identifying the Natural Orders and genera. This 
book proved to be a very useful reference book which as well as the system of 
classification given here became very popular in Great Britain and other countries 
of the world including America. 
 
As noted above only the seed-plants were taken up here and this group was divi-
ded into 3 classes, viz., Dicotyledonae, Gymnospermae and Monocotyledonae. 
The dicotyledons were subdivided into 3 subclasses, viz.—Polypetalae. 
Gamopetalae and Monochlamydeae. 
 
Each of these subclasses included more than one series. The gymnosperms 
included only 3 Natural Orders and were not subdivided into subclasses or series. 
The monocotyledons included 8 series which were not put under any subclass. 
 
The system of classification of Bentham and Hooker is the best of all the natural 
systems. Although it is not a phylogenetic system yet the natural orders (i.e., 
families) having close relationship have been grouped together in most cases and 
in phylogenetic classifications of later workers many of such groups have been 
maintained. 
 
Bentham and Hooker’s system is not a phylogenetic system and is based on 
the idea of fixity of species. The position of gymnosperms in this system is 
very unsatisfactory as it has been placed in between the dicots and monocots. 
Such anomaly is noted also in other cases in placing the natural orders under 
different series. 
 
1.1.3 Phylogenetic System 
 
After the publication of the theory of Organic Evolution by Charles Darwin and 
Alfred Wallace the taxonomist began to think about the origin of each of the 
natural groups from a more primitive group, or from an individual of a more 
primitive group. 
 
In other words, some of the natural groups are more primitive and some are more 
recent or advanced and the recent groups have been derived from some 
comparatively primitive group. A system of classification based on the idea of 
organic evolution attempting to find out the relation between the different groups, 
i.e., to trace the phylogeny of the groups, is called the phylogenetic system of 
classification. 
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A. W. Eichler, a botanist in Vienna, proposed a new system of classification of 
the plant kingdom (1875) and this he later elaborated in 1883. Here he gave a 
more clear idea of the lower groups of plants and also separated the 
Gymnospermae from the Angiospermae placing them in 2 taxa of equal ranks. 
This system is not considered as true phylogenetic but is one that carries the idea 
of primitiveness and advancement in different groups in the plant kingdom. 
 
Adolf Engler, Professor of Botany, University of Berlin, published (1887-1899) in 
collaboration with Karl Prantl a monumental work entitled “Die naturlichen 
Pflanzenfamilien” where all the genera of plants were arranged and described 
systematically. 
 
In doing so they proposed a new system of classification for the whole plant 
kingdom. This system was based to some extent on that of Eichler but is a true 
phylogenetic system. In this work they tried to use the terminology for different 
ranks of taxa in a more scientific way. 
 
The term Natural Order was replaced by the term Family and for a taxon above 
the rank of families and containing several closely related families they used the 
term Reihe, equivalent to series or cohorts in Bentham and Hooker’s system. 
 
The Reihe or orders were grouped under Classes, classes under Subdivisions and 
subdivisions under 13 Divisions in which they divided the Plant Kingdom or 
Pflanzenreich. The seed-plants, i.e., the Phanerogamia are placed in the 13th 
division, viz., Embryophyta Siphonogama. 
 
According to Engler the most primitive type of flower is without perianth; the 
next higher type has one whorl, then there are flowers with two whorls of 
perianth. Where the perianth is in two whorls, they may be distinguishable into 
calyx or corolla or not. The gamopetalous condition is advancement over 
polypetalous condition. 
 
Indefinite number of stamens and carpels is a primitive condition, while definite 
number is advanced type. Superior ovary is also a primitive condition from which 
inferior ovary has come through perigyny. Here it is presumed that the dicots and 
monocots were derived separately from some extinct group of gymnosperms. The 
Monocotyledonae is placed before Dicotyledonae in this system. Several editions 
of this book were published later by Engler and Diels with slight modifications of 
the system.  
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Engler’s system was adopted by most botanists and it replaced the Bentham and 
Hooker’s system in many countries in Europe and America. It has been 
recognised by the International Botanical Congress. This is a comprehensive 
system for all groups of plants and is a phylogenetic system. This system has, 
however, been criticized by many. The origin of monocots is now considered to 
be from a primitive group of dicots and not separately from the ancestral stock 
that gave rise to the dicots. Many plant taxonomists made their remarkable 
contributions in this phylogenetic system of classification of plants.  
 
In the course of evolution, modifications appeared in all parts of the plant and in 
tracing the phylogeny of different groups of plants it are necessary to realise and 
distinguish the primitive and advanced characters manifested in different groups. 
 

Self Assessment Questions 
 
Q.1 Fill in the blanks  
i.  Greek Philosopher & scientist …………… is called father of botany. 
ii.  “Materia Medica” is equally usable today in medical field. This book was 

compiled by …………… 
iii.  John Ray recognize  …………… major taxa of flowering plants. 
iv.  The group of flowering plants, …………… includes most of the flowering 

plants. 
v.  The classification system of …………… is the best of all natural systems. 
 
Q.2 Give answers. 
i.  What is importance of classification of plants?  
ii.  What is difference between Natural system and phylogenetic system? 
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1.2  NOMENCLATURE, IMPORTANCE OF LATIN NAMES 
AND BINOMIAL SYSTEM 

 
Nomenclature refers to the naming of things.  Botanical nomenclature is naming 
the plants.  Botanical nomenclature is about applying names to taxonomic 
groups. The binomial nomenclature system combines two names into one to give 
all species unique scientific names. The first part of a scientific name is called the 
genus. The second part of a species name is the specific epithet. Species are also 
organized into higher levels of classification. 
 
The importance of binomial nomenclature system lies in economy, its widespread 
use, and the uniqueness and stability of names it generally favors: 
 
Economy: Compared to the polynomial system which it replaced, a binomial 
name is shorter and easier to remember. It corresponds to the widespread system 
of family name plus given name(s) used to name people in many cultures. 
 
Widespread use: The binomial system of nomenclature is governed by international 
codes and is used by biologists worldwide. A few binomials have also entered 
common speech, such as Homo sapiens, E. coli, and Tyrannosaurus rex. 
 
Uniqueness: Provided that taxonomists agree as to the limits of a species, it can 
have only one name that is correct under the appropriate nomenclature code, 
generally the earliest published if two or more names are accidentally assigned to 
a species. However, establishing that two names actually refer to the same species 
and then determining which has priority can be difficult, particularly if the species 
was named by biologists from different countries. Therefore, a species may have 
more than one regularly used name; all but one of these names are "synonyms".  
 
Stability: Although stability is far from absolute, the procedures associated with 
establishing binomial names, such as the principle of priority, tend to favor 
stability. For example, when species are transferred between genera (as not 
uncommonly happens as a result of new knowledge), if possible the second part 
of the binomial is kept the same. Thus there is disagreement among botanists as to 
whether the genera Chionodoxa and Scilla are sufficiently different for them to be 
kept separate. Those who keep them separate give the plant commonly grown in 
gardens in Europe the name Chionodoxa siehei; those who do not give it the 
name Scilla siehei. The siehei element is constant. Similarly if what were 
previously thought to be two distinct species are demoted to a lower rank, such as 
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subspecies, where possible the second part of the binomial name is retained as the 
third part of the new name. Thus the Tenerife robin may be treated as a different 
species from the European robin, in which case its name is Erithacus superbus, or 
as only a subspecies, in which case its name is Erithacus rubecula superbus. 
The superbus element of the name is constant. 
 

Self Assessment Questions 
 
Q.1 Describe importance of Binomial Nomenclature? 
Q.2 What is importance of Latin Names in Classification system?   
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1.3  MORPHOLOGY OF PLANTS 
 
 The study of various external features of the organism is known as morphology. 
Morphology (Gr. Morphos = Form; logos = Study) is the branch of science which 
deals with the study of form and structure. In botany, it generally means the study 
of external features, forms and relative positions of different organs on plants. 
 

Parts of a flowering plant: 
The Root: The root is usually an underground part of the plant which helps in 
fixation and absorption of water.  
 

Types of Roots: On the basis of their origin, roots are of two types – tap root and 
adventitious root. 
 

(a) Tap root: On germination of a seed, the radicle elongates into primary root 
or true root or tap root. In dicot plants, the tap root is persistent and produces 
lateral roots such as secondary’ roots, tertiary roots etc. The tap root and its 
branches constitute the tap root system. 

(b) Adventitious root: These are the roots that grow from any part of the plant 
other than radicle. In monocot plants, the tap root is short lived and soon 
replaced by adventitious roots. A group of adventitious roots and their 
branches constitute adventitious root system. On the basis of their origin, the 
adventitious roots are of following three types: 

 i.  Fibrous roots: 
 These are a cluster of equally prominent thread-like roots that develop 

either from the base of stem (e.g., rice, wheat, maize, onion etc.) or 
from the nodes of horizontal stem (e.g., grass, wood sorrel etc.) 

 ii.  Foliar roots: 
 They arise from petiole (e.g., Pogostemon, rubber plant etc.) or veins 

of leaf due to some injury. Some foliar buds can produce foliar roots, 
e.g., Bryophyllum, Begonia etc. 

 iii.  True adventitious roots: 
 They arise from the nodes and internodes of the stem, e.g., Prop roots 

of banyan, stilt roots of sugarcane, clasping roots of money plant and 
roots from the stem cuttings. 

 
The Stem: 
The stem is the ascending part of the plant formed by the elongation of the 
plumule of the embryo. It bears leaves, branches and flowers. 
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It is generally erect, strong and usually grows away from the soil (negatively 
geotropic). There are several plants in which the stem is weak and it either trails 
on the ground or twines around a support. 
 
Stems are differentiated into regions called nodes. Leaves and branches arise from 
nodes. The portion between the nodes is called the Internode. 
 
Various types of stems: 
There are three types of stem: Underground stem, Aerial stem and Sub- aerial stem. 
 
1.  Underground stem: 

Stems of some plants remain in the ground and serve the function of storage 
of food.  
(i)  Rhizome: It is a thickened, prostrate, underground stem having 

distinct nodes and internodes,  scaly leaves at the nodes, e.g. Ginger. 
(ii) Tuber: The underground stem becomes enlarged at the growing tips 

by the accumulation  of  stored food, commonly starch, tubers are 
produced e.g. Potato.  

(iii)  Bulb: Bulb is a short underground stem with fleshy leaf base called 
scales. Stem is very much reduced and becomes disc like. e .g. onion. 

(iv)  Corm: Corm is short, thick and un-branched underground stem with 
stored food material.  
Corm is more or less rounded in shape or often somewhat flattened 
from top to bottom, e.g. Colocasia. 

 
2.  Sub – aerial stems: 

Lower buds of the stem in some plants grow out into short, lateral branches. 
These are named according to their origin, nature and mode of reproduction 
(i)  Runner: It grows prostrate in all directions above the soil level. It has 

a creeping stem with long internodes. On the lower sides, nodes bear 
adventitious roots. e.g. Doob grass. 

(ii)  Stolon: It is a slender lateral branch which appears from the lower part 
of main axis.  

 This lateral branch grows aerially for some distance and becomes 
arched and finally  touches the ground to give rise to new shoot with 
the help of its terminal bud. It also bears roots to get fixed with the soil 
e.g. Jasmine. 

(iii)  Offset: Offset is shorter and thicker. It is usually found in aquatic 
plants like water hyacinth and Pistia. It bears a cluster of leaves near 
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the water or ground level and gives  adventitious roots inside water or 
ground from all nodes, e.g. Pistia. 

(iv)  Sucker: Like the stolon, the sucker is also a lateral branch but it grows 
obliquely upwards and gives rise to a new plants e.g. Mentha. 

 

3.  Aerial stems: 
These modified aerial stems perform unusual functions. Different forms of 
these stems are the following: 
(i)  Stem tendril: It is a leafless, spirally coiled branch formed in some 

climbers and helps them in climbing neighboring objects e.g. 
Passiflora. 

(ii)  Stem thorn: Stem thorn is a hard, straight and pointed structure; it is a 
defensive organ;  also helps in climbing e.g. Duranta. 

(iii)  Pylloclade: It is a green, flattended or cylindrical stem which takes the 
form and function of leaf e.g. Opuntia, 

(iv)  Cladode: Phylloclade with one or two internodes is called cladode e.g. 
Asparagus.  

(v)  Bulbil: Bulbil is the modification of vegetative or floral bud. It is 
swollen due to storage of food e.g. Dioscorea. 

 

The Leaf: 
Develops from shoot apical meristem, flattened, green structure, manufacture the 
food by   photosynthesis. It has bud in axil. A typical leaf has leaf base, petiole and 
lamina. A typical leaf or phyllopodium has 3 parts – leaf base, petiole and lamina. 
 

 
 

Fig: 1.1 Parts of a typical Leaf 
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Types of Leaf 
1.  Simple: (Single leaf blade) e.g., mango, peepal. 
2.  Compound: (Leaf has number of leaflets). May be:  

i.  Pinnately Compound e.g., Neem, rose etc. 
ii.  Palmately Compound e.g., Silk cotton  

 
Venation: The arrangement of veins and veinlets in the lamina of leaf.  
 
Types of Venation:  
1.  Reticulate: Veins form a network as in leaves of dicotyledonous plants 

(China rose, peepul).  
2.  Parallel: Veins are parallel to each other as in leaves of monocotyledonous 

plants (grass, maize, sugarcane).  
 Phyllotaxis: The pattern of arrangement of leaves on the stem or branch.  
 
Types of phyllotaxis:  
1.  Alternate: Single leaf at a node e.g., China rose, Mustard 
2.   Opposite: Two leaves at a node e.g., Calotropis, guava  
3.  Whorled: More than two leaves in a whorl at a node e.g., Nerium, Alstonia  
 
Inflorescence:  
An inflorescence is a group or cluster of flowers arranged on a stem that is 
composed of a main branch or a complicated arrangement of branches. 
Morphologically, it is the modified part of the shoot of seed plants where flowers 
are formed. Inflorescence may also be called as the arrangement of flowers on the 
floral axis.  
 
Main types of Inflorescence:  
1.  Racemose: In such cases the main axis remains elongated and it bears 

laterally a number of stalked flowers. The lower or older flowers possess 
longer stalks than the upper or younger ones, e.g., radish (Raphanus 
sativus), mustard (Brassica campestris), etc. 

2.  Cymose: In this type of inflorescence the main axis does not end in a flower, 
but it grows continuously and develops flowers on its lateral sides in 
acropetal succession (i.e., the lower or outer flowers are older than the upper 
or inner ones) e.g., cotton, Jasmine, Calotropis.  

3.  Special type: e.g., Ficus, Salvia, Euphorbia.  
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The Flower:  
A flower is modified shoot. It is a reproductive unit in angiosperms. Flowers may 
be unisexual or bisexual, bracteate or ebracteate.  
 
Parts of flower:  
1.  Calyx: Sepals, green in colour, leaf like whorl. Sepals may be 

Gamosepalous − (Sepals united) Ex. Hibiscus or may be Polysepalous − 
(Sepals free) Ex. Mustard. 

2.  Corolla: Petals, usually brightly coloured to attract insects for pollination. 
Petals may be Gamopetalous − (Petals united) Ex. Sunflower or may be 
Polypetalous − (Petals free) Ex. Hibiscus 

 Perianth: If calyx and corolla are not distinguishable, they are called 
perianth.  

3.  Androecium: Stamens are male organs and produce pollen grains. Stamens 
may be epipetalous (attach to petals) Ex, Brinjal, Datura or epiphyllous 
(attach to perianth – tepals are united). Stamens may be monadelphous 
(united into one bundle) Ex. Hibiscus, cotton, diadelphous (two bundles) Ex. 
Pea, Bean or polyadelphous (more than two bundles) Ex. Citrus, Castor.  

4.  Gynoecium: Made up of one or more carpels, female reproductive part, 
consists of stigma, style and ovary, ovary bears one or more ovules. Carpels 
may be apocarpous (free) Ex. Vinca or syncarpous (united) Ex. Hibiscus. 
After fertilization, ovules develop into seeds and ovary into fruit. 

 
Some other features of flower are as given below:  
 

Symmetry of 
flower 

On the basis of no. of floral 
appendages (calyx, corolla, 
androecium and gynoecium) 

On the basis of position 
of calyx, corolla, 
androecium with respect 
of ovary 

Actinomorphic 
(radial symmetry) 

Trimerous (Having flower 
parts, such as petals, sepals, 
and stamens, in sets of 
three.) 

Hypogynous (superior 
ovary) e.g., Hibiscus 

Zygomorphic 
(bilateral 
symmetry) 

Tetramerous (Having flower 
parts, such as petals, sepals, 
and stamens, in sets of four.) 

Perigynous (semi-
inferior ovary) e.g., 
Rose 

Asymmetric 
(irregular) 

Pentamerous (Having flower 
parts, such as petals, sepals, 
and stamens, in sets of five.) 

Epigynous (inferior 
ovary) e.g., Banana 
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Placentation  
The ovule bearing region of the carpel is called placenta. The mode of 
arrangement of placentae and ovules within the ovary is called placentation.  
 
Types of Placentation  
1.  Marginal: Placenta forms a ridge along the ventral suture of ovary. Ex. Pea, 

Bean.  
2.  Axile: Margins of carpels fuse to form central axis. Ex. Citrus, Hibiscus.  
3.  Parietal: Ovules develop on inner wall of ovary. Ex. Cucurbita, Mustard.  
4.  Free central: Ovules borne on central axis, lacking septa. Ex. Dianthus, 

Primrose.  
5.  Basal: Placenta develops at the base of ovary. Ex. Sunflower, Marigold.  
 
The fruit 
The mature ripened ovary develops into fruit. In certain cases (e.g., grapes, 
bananas, etc.) the ovary may develop into the fruit without fertilization. Such fruit 
is seedless and known as parthenocarpic fruit. In the cases where only the ovary 
of the flower develops into the fruit, it is called the true fruit, but in other cases 
where the other floral parts such as the thalamus, receptacle or calyx also take part 
in the development of the fruit; the fruit is said to be false fruit, spurious fruit or 
pseudo-carp. 
 
A fruit mainly consists of two parts: 
(i)  The pericarp: Which develops from the ovary wall and 
(ii)  The seeds: Which develops from the ovules?  
 
In most of cases the pericarp consists of three parts: 
(i)  Epicarp – the outer part, which makes the skin of the fruit; 
(ii)  Mesocarp - the middle part, which makes the pulpy part of the fruit, as in 

mango, peach, etc., and 
(iii)  Endocarp - the inner part which is very often thin and membranous, as in 

orange, or it may be hard and stony as in mango, plums, etc. In some cases 
the pericarp is not differentiated into three parts. 

 
The Seed:  
The ovules after fertilization develop into the seeds. A seed is made up of seed 
coat and an embryo. An embryo is made up of an embryonic axis having plumule 
and radicle with one or two cotyledons (One cotyledon Example – Maize, Two 
cotyledons Example - Pea).  
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Family: Fabaceae Ovary superior, monocarpellary, unilocular with many ovules, 
style is single-marginal placentation. Character: Majority of plants belonging to 
this family are pulses. E.g.: Pulses like Bengal gram, green gram, horse gram, etc. 
Family: Solanaceae Ovary superior, bicarpellary, syncarpous, bilocular, placenta 
swollen with many ovules-axile placentation. Character: Persistent calyx E.g., 
Tomato, Chilli, Brinjal, etc. of potato family Family: Liliaceae Parallel venation. 
Ovary superior, tricarpellary sncarpous, trilocular with many ovules-axile 
plancentation. Character: stem underground (Bulb/ Corms/Rhizomes) E.g., Tulip, 
Gloriosa, Aloe, Asparagus, etc.  
 

Self Assessment Questions 
Q.1  Fill in the blanks with suitable words. 
i.  The study of various external features of the organism is known as  

…………… 
ii.  Primary root is also known as …………… root. 
iii.  Roots in onion is an example of  …………… roots. 
iv.  fruit part which arise from walls of the ovary is called …………… 
v.  In most of the fruits Pericarp consists of epicarp, ……………, and 

endocarp. 
 
Q.2  Give brief concept of the following:  
 Types of Placentations, difference between Gynoecium and Androecium, 

Inflorescence, Cymose Inflorescence, difference between phylloclade and 
stem thorne. 

Q.3 Explain different parts of flowering plants. 
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1.4  DIAGNOSTIC CHARACTERISTICS, ECONOMIC 

IMPORTANCE AND DISTRIBUTION PATTERN IN 

FAMILIES 

1.4.1 Ranunculaceae 
 
Distribution: There are about 35 genera and 1500 species in this family. They are 
chiefly found  in the temperate and other colder parts of the world. In our country, 
the plants are chiefly found in the hilly regions. The species of Ranunculus are 
found in plains. 
 
A.  Vegetative characters: 
 
Habit: The plants are annual or perennial herbs or a climbing shrubs (Clematis, 
Naravelia),   rarely trees. They perennate by means of tuberous roots (Aconitum) 
or rhizomes. 
 
Root: Tap root, adventitious or tuberous (Ranunculus spp. and Aconitum). The 
tap root system is in the initial stage but sooner or later replaced by the 
adventitious roots. 
Stem: Herbaceous, in some climbing (Clematis) or underground rhizome or erect, 
branched. 
 
Leaves: Generally simple, alternate, or opposite (Clematis) exstipulate rarely 
stipulate (Thalictrum), sheathing leaf base, petiolate rarely sessile (Delphinium). 
In some aquatic species leaves may show dimorphy (Ranunculus aquatilis); 
unicostate or multicostate reticulate venation. 
 
B.  Floral characters:   
 
Inflorescence: Solitary terminal (Anemone), axillary (Clematis), raceme 
(Aconitum, Delphinium) and cymose (Ranunculus spp.). 
 
Flower: Pedicellate, ebracteate rarely bracteate, hermaphrodite, (unisexual in 
Thalictrum). Mostly actinomorphic (Ranunculus) rarely zygomorphic 
(Delphinium and Aconitum)  hypogynous, complete, pentamerous. 
 
Calyx: There is no distinction of calyx and corolla in most of the flowers. Sepals 
5, caducous, petaloid, imbricate or valvate aestivation. 
 
Corolla: Petals 5, polypetalous, variously coloured, caducous or wanting; 
nectaries present at the base of petals. Petals are united to form spur 
(Delphinium). 
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Androecium: Stamens indefinite, polyandrous, spirally arranged on the thalamus, 
inferior; dithecous, extrorse and adnate. 
 
Gynoecium: Polycarpellary (one carpel in Delphinium and 3 to 5 in Aconitum), 
apocarpous rarely syncarpous (Nigella), ovary superior, marginal placentation 
(axile in Nigella). 
 
Fruit: Aggregate, etario of achenes (Ranunculus), etario of follicle (Aconitum), 
follicle (Delphinium), septicidal capsule (Nigella) or berry (Actaea), etario of 
drupes (Adonis), etario of berries (Hydrastis) and simple pod (Xanthorhiza). 
 
Seed: Small, oily and endospermic. 
 
Economic Importance of Ranunculaceae 
1.  Condiment: The seeds of Nigella sativa (H. Kalongi) are used as spice in 

pickles. 
2.  Medicinal: Aconitum hererophyllum and A. napellus yield a number of 

alkaloids specially aconitin. This is used in acute and inflammatory diseases. 
The roots of Thalictrum yields “mamira”, which is used in opthalamia. 
Anemone pulsatilla is mostly used in feminine diseases and in gastric 
derangements. Pulsatilla obtained from Anemone pulsatilla is a good        
medicine for menstrual disorder. 

       Cimicifuga racemosa gives the black Snake root containing resins. This has 
been recommended for treatment of cholera and nervous pain. Helleborus 
niger and H. foetida produce glycosides useful as purgatives in veterinary 
practices. Delphinium staphisagria is used as antiparasitic ointment. 

3.  Ornamental: Some of the plants are cultivated in gardens for their beautiful 
flowers viz., Delphinium, Naravelia, Clematis, Nigella and Caltha. 

 
1.4.2   Brassicaceae (Mustard Family/Cruciferae) 
 
Distribution: It includes 350 genera and about 3000 species. The members of 
the family are cosmopolitan but majority of the members are found in north 
temperate region. 
 
A.  Vegetative Characters: 
Habits: Plants are annual, biennial or perennial herbs. 
Root: Roots are usually tap and branched. Several modifications of tap roots arc 
found such as fusiform (in Raphanus sativus), conical (in Radish) and napiform 
(in turnip-Brassica rapa).  
These modifications mainly serve to store the food materials. 
 
Stem: Herbaceous, erect, cylindrical, usually reduced or condensed (in turnip and 
radish etc.). 
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Leaf: Simple, alternate, exstipulate and possess simple or branched hairs. Leaves 
are usually  radical or cauline, sub-sessile or sessile lyrate. Radical roots are found 
in rosettes. Sometimes bulbils are born in the axils of upper leaves which are used 
for vegetative reproduction. 
 
B.  Floral Characters: 
 
Inflorescence: Racemose and usually raceme. 
Flower: Ebracteate, regular (actinomorphic), pedicillate, complete, 
hermaphrodite, tetramerous,    cruciform and hypogynous. 
 
Calyx: Sepals 4, polysepalous, arranged in two whorls of two each. The inner 
lateral sepals are  sometimes pouched at the base and serve as nectar containers. 
Aestivation is imbricate. 
 
Corolla: Petals 4, polypetalous, cruciform arranged in a single whorl. These are 
alternate to the sepals. Each petal is differentiated into a narrow claw and a broad 
expanded limb, valvate. 
 
Androecium: Stamens 6, arranged in two whorls of 2 and 4. Outer two stamens 
are short and  inner 4 stamens are long, (tetradynamous). At the base of the outer 
two short stamens are present green glands or nectaries. Anthers are bilobed, 
basifixed and introse. 
 
Gynoecium: Bicarpellary, syncarpous, superior ovary, unilocular, but becomes 
bilocular (due to the development of false septum or replum from the ingrowths 
of the parietal placentae).  Placentation is parietal. Ovules are anatropous or 
campylotropous. Style is short with bilobed stigma. 
 
Fruit: Siliqua or silicula. Sometimes it is lomentum (Raphanus sativus). 
Seed: Small, exalbuminous (non endospermic), with large curved embryo. Testa 
is mucilaginous. 
 
C.  Economic Importance of family: 

i.  Vegetable yielding plants: Mustard (Brassica campestris), Cabbage 
(Brassica oleracea var capitata), Cauliflower (Brassica oleracea var 
botrytis), Radish (Raphanus sativus). 

ii.  Oil yielding plants: Brassica campestris, Rye (B .Juncea) 
Blackmustard (B. nigra), While mustard (B. alba) etc. 
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iii.  Medicinal plants: Sisymbrium officinale, Nasturtium indica, Eruca 
sativa, Lepidium sativum. 

iv.  Ornamental: Candytuft (Iberis amara), Myssum, Methiola, Wall 
flower (Cheiranthus). 

 
1.4.3    Fabaceae (leguminosae) 
 
Distribution: The family includes about400 genera. The members are distributed 
in the temperate regions of both northern and southern hemisphere. In India, the 
family is found  both on hills and plains. 
 
A.  Vegetative Characters 
 
Habits: Plants are mostly herbs and shrubs, (often climbing). Few tree species are 
also known.   Plants may be xerophyte, hydrophytes or mesophytes. Most of the 
plants are cultivated in fields. 
 
Root: Tap root branched, bearing root nodules, containing symbiotic nitrogen 
fixing bacteria (Rhizobia etc.) 
 
Stem: Erect, branched, angular or cylindrical, may be herbaceous or woody. Stem 
climbs with  the help of tendrils. 
 
Leaf: Ramal or cauline, alternate, simple or compound (digitate or pinnate). 
Leaves are stipulate  (stipules arefoliaceous and large). 
 
B.  Floral Characters 
 
Inflorescence: Racemose, raceme, spikes or head. 
 
Flower: Flowers are pedicellate, zygomorphic, irregular, pentamerous, 
hermaphrodite, complete, perigynous, and papilionaceous. 
 
Calyx: Sepals 5, gamosepolous (fused), equal or unequal, united in the form of 
tubular calyx. Aestivation is ascending imbricate. 
 
Corolla: Petals 5, unequal. Uppermost is the largest, it is called standard or 
vexilluin. Two free lateral petals are called wings or alae. The anterior united pair 
of petals is called keel or carina. 
The keel encloses stamen and pistils. Aestivation is descending imbricate. 
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Androecium: Stamens are inserted on a disc, below the calyx. Stamens are 
generally 10, arranged in a ring. Nine stamens are united and remaining one is 
free (Diadelphous) 
 
Gynoecium: Carpel one, free, semi superior ovary, unilocular, marginal 
placentation, short, hairy stigma. 
 
Fruit: Legume or pod or lomentum. 
 
Seed: Exalbumincasus endosperm). Usually flattened. 
 
C.  Economic Importance of Family 
 The plants of this family are unique in that they have root nodules which 

contain nitrogen fixing symbiotic bacteria. Thus the products of these plants 
are the rich source of proteins. 

 i.  Plants used as food: The family contains many food plants including 
pulses, grams and soyabean etc. Important such plantsare – Arhar 
(Cajanuscajan), Masoor (Lens esculenata).    
Urd (Phaseolus mungo), Mungo (Phaseolus aureus), Lobia (Vigna 
sinenis), Pea (Pisum  sativum), Gram (Cicer arietinum), Soyabean 
(Glycine max). 

 ii.  Plants used for oils: Groundnut (Arachis hypogea), Soyabean 
(Glycene soya) 

 iii.  Plants used for ornamental purposes: Sesbania grandiflora, Sweet 
pea (Lathyrus odomtus), Lupin (Lupinus), Butea monosperma etc. 

 iv.  Plants giving timber and fibres: Shishum (Dalbargia sisso), Sunn 
hemp (Crotolaria juncea). 

 v.  Plants used for other purposes: Indigo plant (Indigofera tinctoria) it 
gives indigo dye. Plant Butterfly pea (Clitoria ternatea) is used for 
medicinal purposes. 

 
1.4.4 Rosaceae 
 
Distribution: It is commonly known as rose family. The plants of the family are 
worldwide in  distribution and are abundant in Europe, N. America and Eastern 
Asia. It contains 115 genera and 3200 species. 
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A.  Vegetative Characters: 
 
Habit: The plants show great variation in habit. The plants may be annual 
(Neurada spp.) or perennial prostrate herb, scandent or climbing or erect (Rosa 
spp.), shrubs or trees. Cydonia  species are bushes. Trees are common and many 
of them are our popular fruit trees e.g. 
 
 Prunus amygdalus (Badam); Prunus persica  (Aru);Pyrus communis (Naspati); 
Pyrus mains (Seb) etc. 
 
Root: Tap, branched sometimes adventitious arising from stem cuttings. 
 
Stem: Erect, prostrate or climber, branched, hard and woody, runner or sucker. 
Vegetative propagation takes place by means of runner or sucker or cuttings, 
many shrubby species are   with spines, in some prickles are present (Rosa spp.). 
 
Leaves: Alternate rarely opposite (Rhodotypos), simple or compound sometimes 
pinnately compound, stipulate, stipule may be minute and caducous (Spiraea, 
Pyrus), adnate and persistent (Rosa, Rubus), leaf base conspicuous. 
 
B.  Floral Characters: 
 
Inflorescence: Solitary (Potentilla, Rosa servica) or grouped in racemose 
(Agrimonia). terminal corymbose (Rosa moschata), terminal cyme (Geum) or 
corymbose cyme (Potentilla sibbaldi). 
 
Flower: Actinomorphic very rarely zygomorphic (Chrysobalanoideae), bisexual 
or rarely unisexual (Spiraea aruncus), pentamerous or tetramerous, hypogynous 
or epigynous (Pyrus) or perigynous (Rosa); stipules may be represented by 
epicalyx (Fragaria, Potentilla). 
Calyx: Sepals 5, gamosepalous, adriate to the receptacle; sometimes epicalyx 
present; calyx tube remains free or adnate to the ovary, green, imbricate or valvate 
aestivation. 
 
Corolla: Petals 5, or multiples of 5, polypetalous, Rosaceous, inserted on the 
receptacle cup variously coloured; petals entirely absent (Poterium, Alchemilla, 
PyGeum gardneria), or petals may be indefinite (Rosa spp.); sometimes stamens 
may be transformed into petal like structures; imbricate aestivation in bud. 
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Androecium: Stamens 2, 3 or 4 times the number of petals, may be indefinite, 
free, commonly borne on the rim of the torus; anthers small, dithecous, splitting 
longitudinally, introrse in bud; rarely stamens 1 to 4 (Alchemilla). 
 
Gynoecium: Carpel 1 (Prunus, Prinsepia) or (Agrimonia atorium) or 5 (Pyrus) or 
indefinite (Fragaria and Rosa), apocarpous rarely syncarpous, ovary superior 
sometimes inferior (Pyrus), axile placentation, nectar secreting disc present 
between stamens and carpels; when syncarpous the placentation is axile, if 
apocarpous then basal. 
 
Fruit: Variable; drupe (Prunus), etario of achenes (Potentilla) berry (Eriobotrya 
japonica), pome (Pyrus). 
Seed: Non-endospermic. 
 
C.  Economic Importance of Rosaceae 
 
1.  Fruits:  The fruits of Pyrus malus (H. seb), Pyrus communis (H. Nakh), 

Prunus persica  (II.  Aru), Prunus amygdalus (Badam), Prunus domestica 
(Alucha), Prunus armeniaca (Khuwani), Eriobotrya japonica (Loqat) are 
relished by all. Fragaria vesca is strawberry; black berries  and raspberries 
belong to Rubus; Cydonia oblonga is Quince. 

 
2.  Medicinal: The petals of Rosa are used in making Gulkand, rose water and 

rose-scent. 
 The fruits of Prunus domestica are given in leucorrhoea and irregular 

menstruation. The roots of Rubus fruticosus are used in dysentery and 
whooping cough. Crateagus ox is a very good homeopathic medicine for 
heart disease. The fruits of Eriobotrya japonica are sedative and used in 
allaying vomiting and thirst. 

 
3.  Wood: The wood of Cydonia indica, Crataegus oxyacantha is used in 

making tool handles. The branches of Cydonia indica are excellent walking 
sticks. 

 
4.  Ornamental: Rosa alba, Rosa moschata, Potentilla, Spiraea are commonly 

grown in gardens. Rosa damascena (Damascus rose) and R. centifolia are 
cultivated for otto (itr) or roses. Oil is extracted from Prunus amygdalus 
(Badam oil). 
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1.4.5 Euphorbiaceae 
There are about 283 genera and 7,300 species in this family. 
Distribution: The plants of this family are found throughout the world. In our 
country the family is represented by several genera such as, Euphorbia, Ricinus, 
Phyllanthus, Croton, Pedilanthus, etc. In the desert regions of Africa and 
elsewhere the family is represented by cactus-like plants of different species of 
Euphorbia. 
 
A.  Vegetative Characters: 
 
Habit: The plants exhibit great variation in their habit. The plants may be herbs, 
shrubs or trees. 
E. helioscopica, Acalypha indica, etc., are annual or prennial herbs. Euphorbia 
pulcherrima, Jatropha sp., etc. are shrubby plants. Euphorbia royleana, E. 
tirucalli are cactus like shrubs.  
Ricinus communis (Arand) is a tall annual and becomes small tree-like in habit. 
The tree habit of the family is also represented by Putranjiva roxburghii, etc. 
Havea brasiliensist (rubber tree) is a large tree 60 to 100 feet in height and 8-12 
feet in girth.  
 
Root: Tap and branched. The roots of Manihot utilissima and M .palmata are 
tuberous and rich in starch. 
 
Stem: Herbaceous or woody, erect, very rarely climbing as in a tropical genus 
Tragia. The species of Xylophylla possess flat phylloclades. The stem is 
branched. It may be cylindrical, angular or flat. Usually solid but sometimes 
hollow as in Ricinus communis. In many Euphorbia sp., the stems become fleshy, 
green and cactus like in appearance. 
 
Leaves: The form and position of leaves are variable. The arrangement is usually 
alternate but sometimes they are opposite, e.g., Euphorbia hirta. In Pedilanthus 
the leaves are arranged alternately in the lower region of the plant whereas 
opposite in the floral region. 
Usually the leaves are simple but in some they are deeply incised, e.g., Ricinus, 
Manihot, etc. 
In many Euphorbias the leaves are scaly and caducous. In many cases the leaves 
are reduced to spines. In few cases the leaves are replaced by cladodes.  
 
B.  Floral characters 
 
Inflorescence: The inflorescence varies greatly. It may be racemose or cymose or 
sometimes complex. In Euphorbia, the inflorescence is peculiar but very 
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characteristic and known as cyathium. This is the modification of a cyme. In 
cyathium inflorescence a large number of male flowers each represented by a 
stalked stamen are found arranged around a central stalked female flower. The 
female flower consists of gynoecium only. 
 
The complete inflorescence looks like a single flower. The bracts are being 
arranged like a perianth. The bracts are so united that they form a cup-like 
structure. In Acalypha the inflorescence is catkin type. In Croton and Ricinus the 
flowers are arranged in terminal racemes. In Jatropha the inflorescence is of 
cymose type and the flowers are arranged in terminal cymes. In Manihot the 
flowers are being arranged in racemes. 
 
Flowers: The flowers are always unisexual. They are much reduced and may be 
monoecious or dioecious. In Euphorbia sp., each male flower is represented by a 
single stalked stamen. The flowers are incomplete, regular, actinomorphic and 
hypogynous. 
 
Perianth: Occasionally, both calyx and corolla are present, e.g., Croton. In 
majority of cases either calyx or corolla or both are absent. In Ricinus communis 
the calyx is present and the corolla absent. In Euphorbia hirta both the whorls of 
calyx and corolla are absent. In Jatropha sp., both calyx and corolla are present. 
The perianth consists of 4 to 5 petals. The calyx and corolla consists of 4 or 5 
sepals or petals. The aestivation is valvate or imbricate. 
 
Androecium: The number of stamens varies from one to many. Usually as many 
stamens are present as many perianth leaves. In Euphorbia a single stalked 
stamen represents a single male flower. In Ricinus sp., usually five stamens are 
present, each stamen is profusely branched. In Jatropha they are arranged in two 
whorls each of five stamens. In many the stamens are indefinite, e.g., Croton. The 
filaments may be free or united.  
 
Gynoecium: Three carpels (tricarpellary), syncarpous; the ovary is trilocular, 
superior. Each locule contains one or two pendulous, anatropous ovules. The 
placenation is axile.  
 
Fruit: The fruits are schizocarpic. The fruits break violently and dehisce into one 
seeded cocci. Such type of fruit is termed regma which is characteristic of Ricinus 
sp. The sp., of Trewia and Bridelia Phyllanthus emblica also bears drupe. 
 
Seeds: The seed is endospermic. In Ricinus caruncle develops from the 
micropyle. The cotyledons either lie flat or are folded within the endosperm. 
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C.  Economic Importance of the Family  
 
1.  Ornamental plants: Acalypha hispida, Acalypha wilkesiana, Euphorbia 

milii, Euphorbia pulcherrima, Syn. Poinsettia pulcherrima’, Eng-Poinsettia; 
Jatropha gossypifolia; (Bherenda), Jatropha hastate, Jatropha padagrica are 
used as ornamental plants. 

 
2.  Lubricant and purgative: Croton oblongifolius (Chuka), Croton tigllium 

(Jamalgota), Chrozophora prostrata (Subali), Baliospermum montanum 
(Danti), Euphorbia thymifolia (Chhoti dudhi), Euphorbia antiquorum 
(Tridhara, sehund), Ricinus communis, (Eng.-castor-oil plant; Verna-Arand), 
Jatropha curcas (Safed arand) are used as lubricant and purgative. 

 
3.  Source of food: Bridelia retusa (Ekdania, Khaja), Baccaurea sapida 

(Lathua), Securinega leucopyrus; (Hartho), Manihot esculenta; (Sakarkand), 
Cicca acida (Hariphul), Emblica officinalis (Amla) are used as animal as 
well as human food. 

 
4.  Dyes: Bischofia Javanica (Bhillar), Bridelia retusa (Ekdania, Khaja), 

Cleistanthus collinus’ (Garari), Mallotus philippinensis (Kamala, Rauni), 
Cicca acida (Hariphul), Emblica officinalis (Amla), Kiganelia reticulate 
(Panjoli) plants are used for obtaining different types of dyes. 

 
5.  Rubber: The latex, obtained from the bark of the tree Hevea brasiliensis 

(Rabar) is used for preparing rubber, which is used for tyres and inner tubes, 
waterproof clothing and various electrical goods,  

 
6.  Medicinal uses: Different parts of Chrozophora prostrata (Subali), 

Baliospermum montanum (Danti), Euphorbia hirta (Dudhi), Euphorbia 
thymifolia (Chhoti dudhi), Euphorbia antiquorum (Tridhara, sehund), 
Glochidion zeylanicum (Kumbalm), Mallotus philippinensis (Kamala, 
Rauni), Emblica officinalis (Amla), Putranjiva roxburgii (Verna.-
Putranjiva), Tragia involucrate (Barhaita) are used as medicines against 
different diseases. 

 

1.4.6 Cucurbitaceae 
 
Distribution: It is commonly called gourd family. The family has 110 genera and 
850 species. The members are chiefly inhabitants of tropical regions; a few in 
temperate regions. 
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A.  Vegetative Characters: 
 
Habit: Mostly annual or perennial herbs, rarely shrubs (Acanthosicyos) or small 
trees (Dendrosicyos), usually trailing, climbing by means of tendrils. 
 
Root: Tap root, branched may be thickened due to storage of food and water. 
Stem: Herbaceous, climbing, angular, fistular, branched. 
 
Leaves: Alternate, petiolate- petiole long and hollow; simple, lobed, exstipulate, 
palmately veined; tendrils present in the axil of leaf or opposite to the leaf. In 
Acanthosicyos the leaves are absent but thorns are present. 
 
B.  Floral Characters: 
 
Inflorescence: There is great variation in the inflorescence. Flowers are solitary, 
or racemose or cymose panicles (Actinostemma). 
 
Flower: Regular, mostly unisexual rarely bisexual (Schizopepon), incomplete, 
epigynous, small or large, mostly white or yellow, pentamerous. 
 
Male flower: Produced in large numbers. 
 
Calyx: Sepals 5, gamosepalous, sepals pointed, rarely petaloid, campanulate, 
aestivation imbricate. 
 
Corolla: Petals 5, gamopetalous united at the base (Momordica) or throughout 
(Cucurbita, Coccinea), polypetalous (Luffa, Lagenaria), may be campanulate, 
rotate, imbricate or valvate aestivation. 
Androecium: Stamens 5, sometimes free or combined to form a central column, 
anthers dithecous extrorse, dehiscence longitudinal or in curves. 
 
Gynoecium: Reduced or rudimentary or absent. 
 
Female flower: They are fewer in number than the male flowers. 
 
Calyx: Sepals 5, gamosepalous, calyx tube adnate to the ovary wall; imbricate 
aestivation, superior. 
 
Corolla: Petals 5, gamopetalous, inserted on calyx tube; imbricate aestivation, 
superior. 
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Androecium: Staminodes 0, 3, 5. 
 
Gynoecium: Tricarpellary, syncarpous, ovary inferior, unilocular with parietal 
placentation, the intruding placentae make the ovary to appear trilocular. 
 
Fruit: Soft, fleshy, indehiscent and either a berry or pepo. Fruits sometimes very 
large in size (Citrullus sp. Benincasa sp., Cucurbita sp.). In EcbAllium the fruit is 
highly turgid when ripe and dispersal is by explosion. 
 
Seed:  Exalbuminous, flattened, numerous, embryo straight, cotyledons large and oily. 
 
C.  Economic Importance of Cucurbitaceae: 
 
This family is particularly important economically because its fruits are edible. 
i.  Vegetables and fruits: Cucumis melo (Kharbuza), Cucumis sativus (Khira), 

Citrullus vulgaris (Tarbuz), Cucurbita maxima  (Kaddu), Benincasa heipida 
(Petha), Lagenaria vulgaris  (Lauki), Luffa acutangula (Torai), Momordica 
charantia (Karela) are used as fruits and vegetables.  

 
ii.  Medicine: Citrullus colocynthis – produces the alkaloid colocynthin from 

its fruits. The fruits and roots are used against snake bite. The alkaloid is 
also used in other diseases. EcbAllium elatarium fruits produce elaterium of 
medicine which has narcotic effect and useful in hydrophobia. 

 
iii.  Ornamental: Some plants viz., EcbAllium, Sechium, Sicyos are grown in 

gardens as ornamental plants. 
 

1.4.7 Solanaceae 
 
Distribution of Solanaceae: The family is commonly called ‘Potato family’. It is 
a large family well distributed in tropics and sub-tropics, though a few members 
are found in temperate zone. The family includes 2,000 species belonging to 90 
genera. Several members are cultivated through out the world for their great 
economic importance; among them are Solanum tuberosum (Potato), Solanum 
melongena (Bringal), Lycopersicon esculentum (Tomato) etc. 
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A.  Vegetative Characters: 
 
Habit: Mostly herbs (Petunia, Withania), shrubs and trees. 
Root: A branched tap root system. 
 
Stem: Aerial, erect, climbing (Solanum jasminoides), herbaceous, or woody, 
cylindrical, branched, solid or hollow, hairy, or glabrous, underground stem in 
Solanum tuberosum. 
Leaves: Cauline, ramal, exstipulate, petiolate or sessile, alternate sometimes 
opposite, simple, entire pinnatisect in Lycopersicon, unicostate reticulate venation. 
 
B.  Floral Characters: 
 
Inflorescence: Solitary axillary, umbellate cyme, or helicoid cyme in Solanum. 
 
Flower: Bracteate or ebracteate, pedicellate, complete, hermaphrodite, 
actinomorphic, pentamerous, hypogynous. 
 
Calyx: Sepals 5, gamosepalous, tubular or campanulate, valvate or imbricate, 
persistent, green or coloured, hairy, inferior. 
 
Corolla: Petals 5, gamopetalous, tubular or infundibuliform, valvate or imbricate 
aestivation, scale or hair-like outgrowth may arise from the throat of the corolla 
tube, coloured, inferior. 
 
Androecium: Stamens 5, epipetalous, polyandrous, alternipetalous, filaments 
inserted deep in the corolla tube, anthers dithecous, usually basifixed or 
dorsifixed, introrse, inferior. 
 
Gynoecium: Bicarpellary, syncarpous, ovary superior, bilocular, unilocular in 
Henoonia, axile placentation placentae swollen, many ovules in each loculus, 
ovary obliquely placed; in some cases nectariferous disc is present; style simple; 
stigma bifid or capitate. 
 
Fruit: A capsule or beery. 
 
Seed: Endospermic. 
 
Pollination: Entomophilous. 
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C.  Economic Importance of Solanaceae: 
 
1.  Food: Many members viz., Solanum tuberosum (Potato), Solanum 

melongena (Brinjal), Lycopersicon esculentum (Tomato), Capsicum (Mirch) 
etc. are used as vegetables. Physalis peruviana (Rasbhari) produces edible 
berries. 

2.  Medicinal: Atropa belladona contains alkaloid Atropine; this is used in 
Belladona plaster. Atropine is used in eye testing. Nicotiana tabacum 
(tobacco) yields Nicotine. Hyoscyamus niger, Solanum nigrum, Datura 
(Dhatura), Withania somnifera (Ashwagandha) are used medicinally. 

3.  Narcotics: Tobacco is obtained from leaves of Nicotiana tabacum and 
variously used in cigars, bidi, chewing, jarda etc. 

4.  Ornamentals: Petunia, Cestrum, Lycium, Salpiglossis, Schizanthus are 
cultivated in gardens for ornamentals. 

 
1.4.8  Lamiaceae (Labiatae) 
 
Distribution:  It is commonly called Mint family. The family includes 260 genera 
and 3200 species of world wide distribution.  
 
A.  Vegetative Characters: 
 
Habit: Plants are mostly aromatic herbs or shrubs (Leonotis, Pogostemon). Tree 
habit is found in the Brazilian genus Hyptis and climbing habit in American 
species of Scutellaria. 
 
Root: Tap, branched, rarely adventitious (Mentha). 
 
Stem: Aerial, herbaceous, rarely woody, erect or prostrate, quadrangular, hairy, 
branched, solid or hollow, sometimes underground suckers (Mentha). 
 
Leaves: Opposite decussate, rarely whorled, simple, petiolate or sessile, 
exstipulate, hairy with aromatic smell, entire, pinnatifid (Perovskia), unicostate 
reticulate venation. 
 
B.  Floral Characters: 
 
Inflorescence: Very commonly verticillaster consisting of a pair of condensed 
dichasial cymes at each node; often the verticillasters are grouped together in a 
thyrsus form; rarely solitary (Scutellaria). 
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Flower: Pedicellate or sessile, bracteate, complete, zygomorphic rarely 
actinomorphic (Mentha, Elsholtzia), hermaphrodite, rarely unisexual (Nepeta, 
Thymus), pentamerous hypogynous. 
 
Calyx: Sepals 5, gamosepalous, bilabiate (Salvia, Thymus) campanulate 
(Teucrium), persistent, valvate or imbricate aestivation. When a bilabiate calyx is 
present the arrangement of the sepals may be (1/4) as in Ocimum or (2/3) as in 
Calamintha. 
 
Corolla: The corolla possesses a tubular base which widens towards the mouth. 
Petals generally 5, gamopetalous and the five teeth are sub-equal and mostly 
bilabiate. In Mentha a four lobed corolla arises due to the fusion of two upper 
teeth. When a distinct bilabiate condition is found the arrangement of the petals 
may be gamopetalous 2/3 i.e. two petals in the posterior upper lip and three in the 
anterior lower lip (Salvia, Nepeta, Leucas etc.). 
 
In Ocimum, Coleus, Plectranthus etc. the petals arrangement is gamopetalous 4/1 
i.e. four petals in the posterior upper lip and only one petal in the anterior lower 
lip. In extreme cases the arrangement may be gamopetalous 0/5 i.e. all the five 
petals forming the lower lip so that the corolla becomes one lipped. Aestivation in 
the petals is valvate or imbricate. 
 
Androecium: Typically only 4 stamens, didynamous (2+2) and posterior stamen 
is reduced or represented by a staminode; in Calamintha only two perfect stamens 
are found, two are imperfect and the fifth reduced. In Salvia only two stamens on 
the anterior side are found; they are characterised by peculiarly long connectives 
which help in insect pollination stamens generally introrse and dithecous. 
Gynoecium: Bicarpellary, syncarpous, superior, situated on hypogynous honey 
secreting disc; bilocular becomes tetralocular by the formation of false septum; 
axile placentation, one ovule in each loculus; style gynobasic (arising from the 
base of the ovary), stigma bilobed. The gynoecium character is thus uniform 
without any variation. 
 
Fruit: Usually schizocarpic carcerulus or achenes or nutlets rarely drupaceous. 
 
Seed: Non-endospermic. 
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C.  Economic Importance of Lamiaceae: 
 
1.  Food: Tubers of Stachys sieboldi are edible. Leaves of Mentha viridis, 

Ocimum basilicum, Melissa officinalis etc. are used as condiments. 
 
2.  Medicinal: Many plants of this family are used in medicines. Ajuga 

bracteosa, Leucas cephalotes are used in fever. Mentha piperata and Thymus 
serphyllum give Menthol and Thymol respectively, which are extensively 
used in medicines. Leaves of Ocimum kilimandus charicum give camphor. 
Ocimum sanctum and other species of Ocimum are used in various ailments. 

3.  Ornamental: Several species of Salvia, Coleus, Ajuga, Leonotis, 
Dracocephalum, Thymus, Lavandula etc. are cultivated in gardens for 
ornamental purposes. 

4.  Perfumes: Aromatic oil is extracted from Thymus, Lavandula (Lavender 
oil), Rosmarinus (Rosemary oil), Calamintha, Pogostemon etc. 

5.  Dye: Fruits of Lycopus europaeus yield red dye. 
 
1.4.9 Apiaceae (Umbelliferae) 
 

Distribution: The family is commonly called carrot family. It was also named as 
Umbelliferae. It includes 295 genera and 2,850 species. The plants are distributed 
almost throughout the world except the arctic regions. The chief centres of the 
distribution are north temperate and sub-tropical regions. 
 

A.  Vegetative Characters: 
 

Habit: Plants are mostly herbs which may be annual, biennial or perennial, the 
herbs may be large (Bupleurum, Heracleum, Agelica) rarely shrubs with aromatic 
odour due to the presence of oil ducts. Pseudocarum climbs by means of its 
petioles which are very sensitive to contact. 
 
Root: Tap, branched sometimes swollen for the storage of food material e.g., 
Carrot (Daucus carota). 
 
Stem: Erect or prostrate; climbing in Pseudocarum; swollen nodes, sometimes 
ridged, usually fistular, glaucous or glabrous. 
 
Leaf: Cauline and ramal; radical in young plants of Daucus, usually exstipulate, 
stipulate in Centella; alternate, opposite in some species or Apiastrum; simple or 
much dissected, often decompound; petiolate, petiole usually sheathing at the 
base, venation reticulate unicostate (Centella), multicostate (Astrantia), parallel in 
Eryngium and Eryngium. Palmately lobed leaves in Sanicula. 
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B.  Floral Characters: 
 
Inflorescence: Simple or compound umbel surrounded by thin leafy bracts called 
involucre; in some reduced to single flower e.g., in some species of Centella and 
Azorella; and to a compact head in Eryngium. 
 
Flower: Pedicellate, bracteate (Centella) or ebracteate (Foeniculum), perfect, 
complete, actinomorphic and in some zygomorphic due to the enlargement of the 
outer petals of the marginal flowers of the umbel (Coriandrum); hermaphrodite, 
pentamerous, epigynous, discus present. 
 
In Echinophora each umbel has a central female flower surrounded by male 
flowers. In Arctopus and Eryngium the flowers are fully dioecious. In Astrantia an 
intermediate condition is found. 
 
Calyx: Sepals 5, gamosepalous, small teeth or scales or absent (Foeniculum), 
adnate to the ovary, valvate, green. 
 
Corolla: Petals 5, polypetalous, epigynous often emarginate, tips inflexed, 
valvate (Foeniculum) imbricate, coloured. 
 
Androecium: Stamens 5, polyandrous, inserted under the disc, anthers dithecous, 
versatile, introrse, filament long, equal in length, bent in the bud but ultimately 
spreading out. 
 
Gynoecium: Bicarpellary, syncarpous, inferior, bilocular with a single pendulous 
bvule in each loculus, antero-posteriorly placed, axile placentation, style two; stigmas 
two; on the top of the ovary an epigynous glandular-stylopodium is present. 
 
Fruit: Schizocarpic cremocarp which splits into two one seeded mericarps, which 
remain attached to a slender often forked axis – the carpophore; mericarps are 
longitudinally ridged, in between the ridges are the furrows having oil ducts or vittae. 
 
Seed: Endospermic, embryo small. 
 
C.  Economic Importance of Apiaceae: 
 This family is of considerable importance from economic point of view 

chiefly because the plants have essential oil from which condiments or 
medicines are prepared. 

 
Food: Carrot (Daucus carota), celery (Apium graveolens), parsnip (Pastinaca 
sativa) and sowa (Peucedanum graveolens) are chiefly used as pot herbs. 
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Condiments: Hing {Ferula foetida), Ajwain (Carum copticum), Zira (Cuminum 
cyminum), Saunf (Foeniculum vulgare), Dhania (Coriandrum sativum), are used 
as condiments or carminatives. Hing is a oleogum resin obtained from the roots. 
Ferula sumbul and F. galbaniflua also produce hing. Dorema also produces 
oleogum resin. 
 
Fodder: Several members as carrot, Heracleum, Angelica provide fodder for 
cattle and horses. 
 
Medicinal: Centella (Brahmi) is a very good tonic for brain. Hing, Saunf, Sowa, 
are used in digestive disorders. Peucedanum, graveolens (H. Sowa) is used as Dill 
water for children. Conium maculatum is the Hemlock plant. Its poison was given 
to Socrates; medicinally it is important in all spasmodic affections such as 
cholera, epilepsy, whooping cough, mania etc. Conium yields the alkaloid 
coniine. Apium graveolens (Ajmud) produces apiin and used medicinally as 
cardiac tonic, or in asthma etc. The fleshy roots of Cicuta and Aethusa are 
poisonous to all kinds of livestock. 
 
Ornamental: Trachymene, Angelica, Eryngium, Heracleum are cultivated in 
gardens for their beautiful flowers. 

 
1.4.10 Asteraceae (Compositae) 
 
Distribution: It is the largest and the most advanced family of dicotyledones. It is 
represented by over 1000 genera and about 20,000 species. Members of the 
family are distributed worldwide. 
A.  Vegetative Characters: 
 
Habits: Plants are usually herbs or shrubs and rarely trees and climbers. Many plants 
possess milky juice (latex), while others have watery, resinous and bitter juice. 
 
Root: Roots are tap and branched. Sometimes these are tuberously thickened (in 
Helianthus tuberosus). 
 
Stem:  Herbaceous, aerial, erect, branches usually covered with pubescence or 
glands for the secretion of milky latex. 
 
Leaf: Simple or compound. Sometimes alternate, acicular (needle like or reduced 
to scales in xerophytes), exstipulate, petiolate. Surface is hairy. Leaf margins arc 
entire or serrated. Tip is acute or obtuse, venation reticulate. 
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B.  Floral Characters: 
Inflorescence: Racemose, Head or capitulum, with an involuere of bracts. 
Racemose, rarely in spike. In capitulum, whole inflorescence looks like a single 
flower. Infect flowers in such cases are small and are called florets. 
 
Flower: Flowers are arranged in inflorescence in the form of florets – ray floret 
and disc florets. 
 
Ray florets: Sessile, unisexual, zygomorphic, irregular, ligulate or bracteate. 
 
Calyx: Represented by pappus (small hairy structure) or may be absent. 
 
Corolla: Petals 5, gamopetalous, may be bilabiate or ligulate. 
 
Androecium: Absent 
 
Gynoecium: Carpels –2 (bicarpellary), inferior ovary, unilocular, with single 
anatropous ovule, basal placentation, single (achenial single seeded fruit). 
 
Fruit: Cypsella (achenial single seeded fruit). 
 
Seed – Non-endospermic. 
 
Disc Florets: Sessile, bisexual, actinomorphic, regular, bracteatc, complete, 
epigynous. 

 

Calyx: Rudimentary, pappus. 
 

Corolla: Petals 5, gamopetalous, tubular, 5 lobed, swollen near the base (where 
nectaries are present), valvate aestivation, variously coloured. 
 

Androecium: 5 stamens, epipetalous, alternate with corolla lobes, anthers are 
introse, dithecous. United laterally in to a lube, filaments free, syngenosious. 
 

Gynoecium: Carpels 2, (bicarpellary), inferior ovary, unilocular, with single 
anatropous ovule, basal placentation, single (achenial single seeded fruit). 
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Fruit: Cypsela (achenial single seeded fruit). 
 

Seed: Non-endospermic. 
 
C.  Economic Importance of Family: 
Plants used as food: Lettuce or salad (Lactucn sativa), Sun flower (Helianthus 
annuus). Medicinal Plants: Salt minis obtained from Artemisia absinthium, 
Insulin is obtained from Cynara scolymus. For teeth pain, Centipeda orbicularis 
and Xanthium stramonium are used. 
Insecticide: Chrysanthemum cinerarie folium gives natural insecticide – 
Pyrethrum. 
 
1.4.11 Liliaceae 

 
Distribution: Plants are cosmopolitan and chiefly found in temperate and 
subtropical regions. These plants survive in most varied conditions. 
 
A.  Vegetative Characters: 
 
Habits: The plants are annual, biennial and perennial herbs and shrubs. The 
plants are mostly xerophytic. 

 

Root: Fibrous adventitious, sometimes tuberous (Asparagus). 

 

Stem: Herbaceous, or woody, solid or fistular, underground; aerial climbing or 
erect; underground stem may be corm, bulb or rhizome. In Ruscus and Asparagus 
aerial stems bear phylloclades (modified leaf-like branches), corm (Colchicum); 
secondary growth in Yucca. Dracaena, Aloe. 

 

Leaves: Alternate, opposite or whorled, radical and cauline, exstipulate, sessile or 
petiolate, sheathing leaf base; shape is variable scale-like (Asparagus), thick 
succulent and mucilaginous in Aloe, broad in Phormium tenax. In Smilax stipulate 
and stipules are modified into tendrils. Venation is usually parallel but reticulate 
in Smilax and Trillium. 
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B.  Floral Characters: 
 

Inflorescence: Variable-solitary (Tulipa, Fritillaria), panicled raceme 
(Asphodelus), cymose umbel (Allium, Smilax), solitary axillary (Gloriosa). 
 
Flower: Pedicellate, actinomorphic or zygomorphic (Lilium, Hemerocallis), 
hermaphrodite or unisexual in Smilax, Ruscus; hypogynous, complete or incomplete 
(in unisexual flowers), trimerous rarely 2 or 4-merous (Maianthemum, Paris). 
Perianth: 6, in two words of three each, polyphyllous (Lilium, Tulipa) or 
gamophyllous (Aloe, Asparagus) and of various shapes; petaloid or sepaloid; 
imbricate in bud, usually valvate aestivation, perianth may be scarious or 
membranous. 
 
Androecium: Stamens 6 or 3 (Ruscus), 8 in Paris; polyandrous, epiphyllous, 
antiphyllous, filaments long, anthers versatile or basifixed, dithecous, introrse or 
extrorse. In Ruscus outer whorl of stamens is reduced to staminodes. 
Gynoecium: Tricarpellary, syncarpous, ovary superior or half inferior, trilocular 
or unilocular with two ovules, axile placentation, style simple; stigma trilobed or 
3-parted. 
 
Fruit: A berry (Asparagus, Smilax), capsule (Asphodelus). 
 
Seed: Endospermic; endosperm horny or cartilagenous. 
 
C.  Economic Importance 
 
1.  Food: Allium cepa (Onion), Allium sativum (Garlic) and Asparagus are 

edible and used as food. 
 
2.  Medicinal: Smilax, Aloe, Gloriosa, Veratrum, Colchicum, Scilla and 

Urginea yield useful drugs. Rat poison is obtained from Urginea and the 
bulbs of Scilla. Aloe vera yields “Aloin”. The roots of Asparagus (H. 
Satavaer) yields a tonic. From Colchicum, colchicine is obtained. 

 
3.  Fibres: Yucca, Phormium tenax yield fibres of commerce. 
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4.  Resin: Dracaena and Xanthorrhoea yield resin. From the acrid resin of 
Xanthorrhoea sealing wax is prepared. 

 
5.  Ornamentals: The common cultivated garden plants are Tulipa, Lilium, 

Gloriosa, Aloe, Ruscus, Dracaena, Asparagus, Yucca, Hemerocallis etc. 

 
1.4.12 Poaceae 
Distribution: The family is commonly known as grass family. It is one of the 
largest among the angiospermic families. It consists of 620 genera and 6,000 
species. The members are cosmopolitan in distribution. The plants represent all 
the 3 ecological types as hydrophytes, xerophytes and mesophytes. 
 
A.  Vegetative Characters:  
 
Habit: Herbs, annuals or perennials or shrubs, sometimes tree like (Bambusa, 
Dendrocalamus). 
 
Root: Adventitious, fibrous, branched, fascicled or stilt (Zea mays). 
 
Stem: Underground rhizome in all perennial grasses, cylindrical, culm with 
conspicuous nodes and internodes, internodes hollow, herbaceous or woody, 
glabrous or glaucous, vegetative shoots are arising from the base of aerial stem or 
from underground stems are called tillers. 
Leaves: Alternate, simple, distichous, exstipulate, sessile, ligulate (absent in 
Echinochloa), leaf base forming tubular sheath, sheath open, surrounding 
internode incompletely, ligule is present at the junction of the lamina and sheath, 
entire, hairy or rough, linear, parallel venation.  
 
B.  Floral Characters 
 
Inflorescence: Compound spike which may be sessile or stalked. Each unit of 
inflorescence is spikelet. The spikelets are arranged in various ways on the main 
axis called rachilla. A compound inflorescence may be spike of spikelets 
(Triticum), panicle of spikelets (Avena). 
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The spikelet consists of a short axis called rachilla on which 1 to many sessile or 
short stalked flowers are borne. The florets may be arranged in alternate or 
opposite manner on the central axis. 
 
At the base of rachilla two sterile scales, called glumes, are present. The glumes 
are placed one above the other on opposite sides. The lower one is called first 
glume and the upper is called second glume. Both the glumes are boat shaped and 
sterile. Above the glumes a series of florets are present. Each floret has an inferior 
palea or lemma and above it a superior palea. The lemma frequently bears a long, 
stiff hair called awn. 
 
Flower: Bracteate and bracteolate, sessile, incomplete, hermaphrodite, or 
unisexual (Zea mays), irregular, zygomorphic, hypogynous, cyclic. 
Perianth: Represented by membranous scales called the lodicules. The lodicules 
are situated above and opposite the superior palea or may be absent, or many 
(Ochlandra), or 2 or 3. 
 
Androecium: Usually stamens 3, rarely 6 (Bambusa, Oryza) and one in various 
species of Anrostis, Lepturus; polyandrous, filaments long, anthers dithecous, 
versatile, linear, extrorse; pollen grains dry. 
 
Gynoecium: Monocarpellary, according to some authors carpels 3, of which 2 are 
abortive, ovary superior, unilocular with single ovule, basal placentation, style 
short or absent; stigmas two feathery or papillate and branched. 
 
Fruit: Caryopsis (achene with pericarp completely united or adherent with the 
seed coat) or rarely nut (Dendrocalamus) or berry (Bambusa). 
 
Seed: Endospermic and containing a single cotyledon called scutellum, which is 
shielded shaped and pressed against the endosperm. 
 
Economic Importance of Poaceae 
 
The family stands first and foremost in respect of economic importance in whole 
of Angiosperms. The staple food grains of the population of world are derived 
from Oryza sativa (Rice) and Triticum aestivum (Wheat). They are cultivated 
from time immemorial. 
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The family has been divided on economic basis as follows: 
Food: Triticum aestivum, Oryza sativa, Zea mays (Maize), Hordeum vulgare 
(Jaw), Sorghum vulgare (Jowar), Avena sativa (Oats), Pennisetum typhoides 
(Bajra) are cultivated for cereals and food grains. 
 
Fooder: Many grasses as Cynodon dactylon, Panicum, Cymbopogon, Agrostis, 
Poa are grown for fodder. 
 
Sugar: Saccharum officinarum (Sugarcane; Ganna) is cultivated for gur and 
sugar. 
Building material: Some species of Bambusa e.g. B. tulda, B. vulgaris are used 
for scaffolding, thatching huts etc. 
 
Furniture: Species of Dendrocalamus (Bent), Arundinaria, Melocalamus are 
used in manufacture of furniture. 
 
Aromatic grasses: Many grasses yield scented oils which are used in perfumery 
viz. Vetiveria zizanioides (Khus khus) yields vetiver oil from the roots. The roots 
are also woven into curtains. Andropogon odoratus (Ginger grass), Cymbopogon 
citratus (Lemon grass), Cymbopogon martini (Geranium grass), Cymbopogon 
jawarancusa etc. also yield oil. 
 
Medicinal: Phragmites karka, Cymbopogon schoenanthus etc. are medicinal. 
Secale cereale is cultivated for infection of its inflorescence by Claviceps 
purpurea for production of Ergot and for extraction of ergotine. Ergotine is an 
excellent remedy for uterine contraction. 
 
Paper: It is manufactured from certain species of grasses and bamboos. 
 
Ornamental: Rhynchelytrum repens, Cortaderia selloana and some species of 
the tribe Bambusoideae are ornamentals. Besides these a number of grasses are 
grown to form fine lawns, play grounds etc. 
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Self Assessment Questions 
 
Q.1  Answer the following 
 
1.  Write diagnostoic Characteristics, economics importance and distributation 

Patteren of the following Families: 
i. Ranunculacae 
ii. Brassicaeae 
iii. Fabaceae 
iv. Rosaceae 
v. Euphorbiaceae 
vi. Cucurbitaceae 
vii. Solanaceae 
viii. Lamiaceae 
ix. Apiaceae 
x. Asteraceae 
xi. Liliaceae 
xii. Poaceae  
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INTRODUCTION 
 
Plant anatomy is the study of plant cells and tissues and it also deals with 
composition, structure and composition of cells and tissues. The functions of 
various parts of the plant body are also included in it. Plant tissues play a very 
important role in different functions of the plant body. Plant anatomy is also 
known as phytotomy.  
 
A plant is a complex structure that consists of a number of parts which constitute 
the whole plant. If you learn to identify each individual part, you will gain a much 
greater understanding as to how the plant works as a whole. This can be helpful to 
aromatherapists who need to be aware of the part of the plant an essential oil was 
derived from because there is often a connection between the oils location in a 
plant and its therapeutic action. Understanding plant anatomy also helps everyone 
appreciate the art of distillation and extraction. 

 
OBJECTIVES 

 
After completion of this unit you will be able to: 
define the  terms related to Plant Anatomy 
 describe the Structure and composition of Cell Wall 
 differentiate different tissues in plants on the basis of structure and 

functions. 
 differentiate temporary and permanent tissues on the basis of structure and 

functions. 
 describe  the role of tissues in development of plant parts. 
 elaborate primary and secondary growth of stems 
 identify the types of wood on the basis of characteristics of wood. 
 

  



 

2.1  CELL WALL: STRUCTURE AND CHEMICAL COMPOSITION
 
A cell wall is an outer layer surrounding certain cells that is outside of the
membrane. All cells have cell membranes, but generally only plants, fungi, algae, 
most bacteria, and archaea have cells with cell walls. The cell wall provides 
strength and structural support to the cell, and can control to some extent what 
types and concentrations of molecules enter and leave the cell. The materials that 
make up the cell wall differ depending on the type of organism. The cell wall has 
evolved many different times among different groups of organisms.
 

Fig.2.1 Structure of Plant cell wall
Source: (By LadyofHats (Own work) [Public domain],

 
Plant Cell Wall Structure
The plant cell wall is multi
outermost layer of the cell wall, these layers are identified as the middle lamella, 
primary cell wall, and secondary cell wall. 
lamella and primary cell wall, not all have a secondary cell wall.
 Middle lamella - outer cell wall layer that contains polysaccharides called 

pectins. Pectins aid in cell adhesion by helping the cell walls of adjacent 
cells to bind to one another.

 Primary cell wall 
membrane in growing plant cells. It is primarily composed of cellulose 
microfibrils contained 
pectin polysaccharides. The primary cell wall provides the strength and 
flexibility needed to allow for cell growth.
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CELL WALL: STRUCTURE AND CHEMICAL COMPOSITION

A cell wall is an outer layer surrounding certain cells that is outside of the
. All cells have cell membranes, but generally only plants, fungi, algae, 

most bacteria, and archaea have cells with cell walls. The cell wall provides 
strength and structural support to the cell, and can control to some extent what 
types and concentrations of molecules enter and leave the cell. The materials that 
make up the cell wall differ depending on the type of organism. The cell wall has 

ny different times among different groups of organisms. 

 
Fig.2.1 Structure of Plant cell wall 

(By LadyofHats (Own work) [Public domain], via Wikimedia Commons) 

Plant Cell Wall Structure 
The plant cell wall is multi-layered and consists of up to three sections. From the 
outermost layer of the cell wall, these layers are identified as the middle lamella, 
primary cell wall, and secondary cell wall. While all plant cells have a middle 
lamella and primary cell wall, not all have a secondary cell wall. 

outer cell wall layer that contains polysaccharides called 
pectins. Pectins aid in cell adhesion by helping the cell walls of adjacent 
ells to bind to one another. 

 - layer formed between the middle lamella and
in growing plant cells. It is primarily composed of cellulose 

microfibrils contained within a gel-like matrix of hemicellulose fibers and 
pectin polysaccharides. The primary cell wall provides the strength and 
flexibility needed to allow for cell growth. 

CELL WALL: STRUCTURE AND CHEMICAL COMPOSITION  

A cell wall is an outer layer surrounding certain cells that is outside of the cell 
. All cells have cell membranes, but generally only plants, fungi, algae, 

most bacteria, and archaea have cells with cell walls. The cell wall provides 
strength and structural support to the cell, and can control to some extent what 
types and concentrations of molecules enter and leave the cell. The materials that 
make up the cell wall differ depending on the type of organism. The cell wall has 

 

 

layered and consists of up to three sections. From the 
outermost layer of the cell wall, these layers are identified as the middle lamella, 

While all plant cells have a middle 

outer cell wall layer that contains polysaccharides called 
pectins. Pectins aid in cell adhesion by helping the cell walls of adjacent 

layer formed between the middle lamella and plasma 
in growing plant cells. It is primarily composed of cellulose 

like matrix of hemicellulose fibers and 
pectin polysaccharides. The primary cell wall provides the strength and 
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 Secondary cell wall - layer formed between the primary cell wall and plasma 
membrane in some plant cells. Once the primary cell wall has stopped dividing 
and growing, it may thicken to form a secondary cell wall. This rigid layer 
strengthens and supports the cell. In addition to cellulose and hemicelluloses, 
some secondary cell walls contain lignin. Lignin strengthens the cell wall and 
aids in water conductivity in plant vascular tissue cells. 
 

2.2  CONCEPT, STRUCTURE AND FUNCTIONS OF 
VARIOUS TISSUES 

 

Tissue 
A group of similar cells which perform a specific function in the body of plants is 
called tissue. There are many types of tissues in plants. Concept, structure and 
functions of each type are discussed following. 
i. Parenchyma 

The cells of this type of tissues are thin walled and living. These tissues are 
found in almost all parts of the plant body. Their shape depends upon the type 
of function they have to perform in certain area of the plant body. They are 
iso-diametric or polygonal in shape. Most of the cells attain the spherical 
shape due to function of pressure and tension in surrounding area of the cells.   
The cells of parenchyma tissues contain contain a nucleus, along with huge 
amount of chloroplast, ribosomes, endoplasmic reticulum, Golgi bodies and 
mitochondria. Wall of cells is thin and is composed of cellulose, 
hemicellulose, and calcium pectate. Middle lamella and plasmodesmata are 
also present in these tissues. In few cases parenchymatous cells have thick 
walls; examples are coffee, persimmon and endosperm of palm. The 
carbohydrates in these thick walls afterward become the nutrition for 
germination and growth of embryo. 

 
Figure 2.2 Structures of Parenchyma Tissues in Plants 
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2.2.1. Types of Parenchyma Tissues 

      

 
 

Fig.2.3: Types of Parenchyma Tissues. 

 
ii. Collenchyma Tissues 

In collenchymas tissues primary walls are unevenly thickened and consist of 
round, elliptical to elongated living cells which develop from the ground 
meristem or from procambium (e.g. Apium graveolens). They may also 

originate from elongated cells, which resemble procambium. 
 
Types of Collenchyma 
Collenchyma tissues are divided into angular, Lamellar, Lacunar and annular. 
a. Angular: Cells are angular and polygonal. Cells in this tissue are compactly 

packed with on intercellular spaces.The thickening materials deposit at the 
angles or corners of the cells. In cross sectional view the thickenings occur 
at those places where several cells meet. Usually found below epidermis as 
hypodermis. 

b. Annular: These types of tissues have uniformally thickened cells. Cells 
appear as circular in cross-section. 



51 
 

c. Lamellar: This type of tissues appears to be arrangd as tangential rows or 
layers. Cells have no intercellular spaces. In this type thickening material 
deposit heavily on the tangential walls of the cell than the radial walls.  They 
are found in the petioles of the leaves. 

d. Lacunar: In this type the thickening materials deposit at those places of the 
cell wall, which are indirectly contacted with the intercellular spaces? Cells 
appear spherical or oval in shape. This type of tissues is often found in fruit 
walls.  

 

 
 

Fig.2.3: Types of Collenchyma Tissues 
 
Functions of Collenchyma Tissues 
Collenchymas tissues are mechanical tissues in plants.They provide mechanical 
support mainly in primary plant parts such as young stem, roots and leaves. They 
are more flexible thanthan sclerenchyma. They provide flexibility to plant parts, 
due to which plants parts can bend without breakage. Some tissues contain 
chlorophyll and help in the process of photosynthesis. 

 
iii. Sclerenchyma Tissues 

They are simple permanent tissues in plants, which become dead at the stage 
of maturity. Completely developed cells donot have protoplast. They have 
thick secondary cell wall Which are lignified and very hard. Intrusive 
growth takes place in most of the sclerenchyma tissues. 
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Fig: 2.4. Classifuication of sclerenchyma Tissues 

 
1.  Sclereids: This type of tissues has short cells known as stone cells. They 

have very hard and thick cell wall with very small lumen. Shape of sclreeids 
varies in different parts of the plant. They are abundantly distributed in the 
plant body. Lignified secondary wall possesses many pits & pateren of 
secondary wall thickening is not uniform.  
Sclereids are further subdivided into five types on the basis of shape of the 
cells. All types are further described as follows: 

 a) Brachysclereids: The shape of Brachysclereids is alike parenchyma 
cells. Cells in Brachysclereids are isodiametric & polygonal in 
crosssection.they are found in fleshy edible parts of some fruits. 

 b) Macrosclereids: Cells in this type of tissues are elongated and 
columner. The cells in this type of tissues are thick walled with narrow 
lumen. They mostly occur in epidermal cells of seed coads. 

 c) Osteosclereids: The cells in thois type of tissues are bone shaped. 
Cells are elongated with bulged ends like the bones. The buldged 
bones line portion of Osteosc;ereids may be branched in someplants. 
The tissues are found in seed coats of pisum. 

 d) Asterosclereids: these tissues are star shaped. Lobes or arms are 
radiated from the central part of the body. The number of arms varies 
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from specie to specie. This type of tissues are found in the petioles of 
Nymbea. 

 e) Trichosclereids: Their shape is hair like elongated .Sometimes they 
are branched. They occur in leaves of Olea and Musa (banana leaf) 

 
 

 
Fig: 2.6 types of Sclereids 

 
2.  Fibres:  Fibres are the second type of sclerenchymatous tissues in plants. 

They are much elongated cells withj pointed ends. They are found din 
almost all parts of the plants. Cell lumen is very narrow. Fibres possess very 
hard and thick lignified secondary cell wall. They provide main mechanical 
support in plants. They are associated with vascular as bundle cap or sheath. 

 
Fibres are further classified into two broad categories; Xylary fibres and 
extraxylary fibres. 
 
A)  Xylary Fibres: Xylary as name depicts are found in xylum of plants. They 

are also called wood fibres. Xylary fibres are futyhjer divided into fibre 
Tracheids, Libroform fibres and gelatinuous fibres. 
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a.  Fibre Tracheids: They are transitional forms between trachieds and 
extreme fibres. Fibre trachieds are longer than sclereids but they are 
shorter than other true xylem fibres. 

b.  Libriform Trachieds: They are specialized xylary fibres. They 
contain long cells with narrow lumen. They have large number of slit 
like pits on their secondary walls.  

 
C. Gelatinuous Fibres: This type of tissues possess cellulosic cell wall. They 

lack lignin content in the secondary cell wall . The secondary cell wall in 
gelatinious cell wall appear shiny and gelatinious due to presence of 
cellulose. Gelatinious fibres are highly hydroscopic and they absorbe and 
holda large amount of water. This type of tissues are found in tention wood 
of some plants. 

 

 
 

Fig: 2.7 Gelatinious fibre in Plants 
 
B.  Extraxylary Fibres: it is a type of fibres located at the external side of the 

xylem. Most common extraxylary fibres are phloem fibres. They are also 
called as bast fibres.There are different kinds of extraxylary fibres as 
follows. 
a.  Phloic Fibres:They are located in the primary and secondary phloem 

of vascular tissues. Phloic fibres are also termed as phloem fibres. 
b.  Cortical Fibres: They are found in Cortex areas of the plants, occur 

singly or in groups. Cotocval fibres function is to provide mechanical 
support in young plant parts. 
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C. Perivascular Fibres: These fibres are found in pericycle of plants. They 
form the vascular bundle cap of dicot and sheath of monocots. 

 

         
 

Fig: 2.8 ExrtraXylary fibres 
 

iv. Epidermis (Including Stomata and trichomes) 
 Epidermis, in botany, outermost, protoderm-derived layer of cells covering 

the stem, root, leaf, flower, fruit, and seed parts of a plant. 
The epidermis and its waxy cuticle provide a protective barrier against 
mechanical injury, water loss, and infection. 

 

 
 

Fig: 2.9 Structure of epidermis showing stoimata and trichome 
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A. Structure of Epidermis: Plant epidermis is unique because it is actually 
two different layers of cells: the upper epidermis and the lower epidermis. 

 
Sandwiched in between these two layers are two other important tissue 
systems - the vascular tissue system and the ground tissue system. 
The vascular tissue system provides water and nutrient transport from the 
roots to other parts of the plant. The ground tissue system, also called the 
mesophyll, is specialized for photosynthesis, the process by which the plant 
converts sunlight into usable chemical energy. 

 
But if the epidermis covers the mesophyll, how does photosynthesis occur 
here? The epidermis is actually interrupted by small pores called stomata. 
These openings allow the exchange of carbon dioxide and oxygen, which 
powers photosynthesis. Stomata are controlled by guard cells, which 
regulate the extent to which the stomata are open or closed. 

 
B. Stomata: Structure, functions and density. 
 All plant leaves need to “breathe”. The exchange of atmospheric gases is 

essential to photosynthesis, the process by which plants use sunlight to convert 
carbon dioxide and water into oxygen and fuel (carbohydrates). Leaves have 
special pores called stomata that make gas exchange possible while helping to 
control the loss of water. The stomata operate through the use of two tiny 
jellybean shaped cells called guard cells located in the outer layer of tissue 
called the epidermal layer. Most stomata are on the lower epidermisof the 
leaves on plants (bottom of the leaf). Unlike other plant epidermal cells, the 
guard cells contain chlorophyll to do photosynthesis. This allows the cells to 
expand/ contract to open or close the stomata. Guard cells swell, through the 
process of osmosis, to allow opening of the stomata (for CO2 to enter and 
excess O2 and H2O to leave), and they shrink in order to force the stomata 
shut (either partially or completely) to prevent dehydration. In order  Plants 
must also permit the movement of water from the roots to the leaves through 
the process of evaporation/transpiration in order to make water available to 
the cells for photosynthesis. However, a constant concern for terrestrial 
plants is controlling the rate of transpiration to prevent dehydration 
(desiccation). 

 
To conserve water during dry times, the stomata remain closed to reduce the 
loss of water vapour. Due to the requirement for carbon dioxide, it is 
possible for the lack of moisture that forces the stomata to stay closed to 
prevent the process of photosynthesis from occurring. The number of 
stomata on the epidermal surface can tell you a lot about a plant. Usually, a 
high concentration of stomata indicates fast growth and a wet climate. 
Lower concentrations of stomata indicate lower rates of photosynthesis and 
growth or adaptations for dry weather. Stomata are useful to drought-
threatened plants because they can close to prevent dehydration. 



 

  
In general, having these openings located on the 
prevent further loss of moisture. However, this is not always an issue for plants 
growing in high moisture environments, and can result in some unusual stomata 
configurations. For example, water lilies grow in ponds where their
generally float directly on the surface of the water or slightly above it. To thrive in 
this environment, they have developed stomata on the water lily's large leaf 
surface (rather than underside) making gas exchange more efficient. Another 
adaptation that helps to keep lily leaves above the water where stomata can 
function, are the large number of spongy internal cells that promote flotation.
 
Other adaptations plants use to reduce evaporation and infestation of insects is to 
use surface hairs. It is likely that in many cases, hairs interfere with the feeding of 
at least some small herbivores and, depending upon stiffness and irritability to the 
"palate", large herbivores as well. Hairs on plants growing in areas subject to frost 
keep the frost away from the living surface cells. In windy locations, hairs break
up the flow of air across the plant surface, reducing evaporation. Dense coatings 
of hairs reflect solar radiation, protecting the more delicate tissues underneath in 
hot, dry, open habitats. And in locations where much of the available moisture 
comes from cloud drip, hairs appear to enhance this process.
c.  Trichomes: Some of the epidermal cells of most plants grow out in the form 

of hairs or trichomes. They may be found singly or less freque
They may be unicellular or multicellular and occur in various forms. They 
vary from small protuberances of the epidermal cells to complex branched 
or stellate multicellular structures. The cells of the hairs may be dead or 
living. Very frequently the hairs lose their protoplasm in their cells.

 

   

When stomata close: 1.Guard cells actively pump
water potential inside the cells; 3. Water exits the guard cells by osmosis (moves 
into adjacent cells); 4. Vacuoles shrink, guard cells become flaccid and stoma 
close. 
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In general, having these openings located on the underside of leaves helps to 
prevent further loss of moisture. However, this is not always an issue for plants 
growing in high moisture environments, and can result in some unusual stomata 
configurations. For example, water lilies grow in ponds where their
generally float directly on the surface of the water or slightly above it. To thrive in 
this environment, they have developed stomata on the water lily's large leaf 
surface (rather than underside) making gas exchange more efficient. Another 

ion that helps to keep lily leaves above the water where stomata can 
function, are the large number of spongy internal cells that promote flotation.

Other adaptations plants use to reduce evaporation and infestation of insects is to 
is likely that in many cases, hairs interfere with the feeding of 

at least some small herbivores and, depending upon stiffness and irritability to the 
"palate", large herbivores as well. Hairs on plants growing in areas subject to frost 

from the living surface cells. In windy locations, hairs break
up the flow of air across the plant surface, reducing evaporation. Dense coatings 
of hairs reflect solar radiation, protecting the more delicate tissues underneath in 

And in locations where much of the available moisture 
comes from cloud drip, hairs appear to enhance this process. 

Some of the epidermal cells of most plants grow out in the form 
of hairs or trichomes. They may be found singly or less frequently in groups. 
They may be unicellular or multicellular and occur in various forms. They 
vary from small protuberances of the epidermal cells to complex branched 
or stellate multicellular structures. The cells of the hairs may be dead or 

uently the hairs lose their protoplasm in their cells.

Fig: 2.10 Structure of Stomata 
 

When stomata close: 1.Guard cells actively pump out K+ ions; 2. This raises the 
water potential inside the cells; 3. Water exits the guard cells by osmosis (moves 
into adjacent cells); 4. Vacuoles shrink, guard cells become flaccid and stoma 

underside of leaves helps to 
prevent further loss of moisture. However, this is not always an issue for plants 
growing in high moisture environments, and can result in some unusual stomata 
configurations. For example, water lilies grow in ponds where their leaves 
generally float directly on the surface of the water or slightly above it. To thrive in 
this environment, they have developed stomata on the water lily's large leaf 
surface (rather than underside) making gas exchange more efficient. Another 

ion that helps to keep lily leaves above the water where stomata can 
function, are the large number of spongy internal cells that promote flotation. 

Other adaptations plants use to reduce evaporation and infestation of insects is to 
is likely that in many cases, hairs interfere with the feeding of 

at least some small herbivores and, depending upon stiffness and irritability to the 
"palate", large herbivores as well. Hairs on plants growing in areas subject to frost 

from the living surface cells. In windy locations, hairs break-
up the flow of air across the plant surface, reducing evaporation. Dense coatings 
of hairs reflect solar radiation, protecting the more delicate tissues underneath in 

And in locations where much of the available moisture 

Some of the epidermal cells of most plants grow out in the form 
ntly in groups. 

They may be unicellular or multicellular and occur in various forms. They 
vary from small protuberances of the epidermal cells to complex branched 
or stellate multicellular structures. The cells of the hairs may be dead or 

uently the hairs lose their protoplasm in their cells. 

 

out K+ ions; 2. This raises the 
water potential inside the cells; 3. Water exits the guard cells by osmosis (moves 
into adjacent cells); 4. Vacuoles shrink, guard cells become flaccid and stoma 
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Trichotomes are reffered to as a hair. The hairs may be subdivided into unicellular 
and multicellular 
 
Unicellular may be unbranched or branched. Multicellular hairs may consist of a 
single row of cells or several layers. Some hairs are tree like and have branches. 
 
Types of trichomes are described following; 
 
Stining Hairs: This type of hairs contains a poisionous liquid and consists of 
basal bulb like portion from which a stiff, slender and tapering structure is given 
out. This tapering structure ends in small knob like or sharp point.The tip is 
usually oblique, and penetrates into the body of animals which come incontact 
with it and fluid is perced ino the body of the animals. 
 
Glandular Hairs: A number of plants possess glandular hairs which may secrete 
oil, resins or mucilage. A glandular hair consists of a stalk and enlaged terminal 
portion, refered as gland. They may be single or multi in number.  
 
Scale or peltatw Hair: It is a common type of trichome also called peltate hair. 
A scale consists of a discoid plate of cells, often borne on a stalk or attached 
directly to the foot. 
 

 
 

Fig: 2.11 Types of trichomes in different leaves 
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Development of Trichotomes: A trichome is developed from epidermis. Epidermal 
ce;lls protrudes from epidermal cells following major divisions .  
 
Functions of Epidermis, Stomata and Trichomes 
Epidermis contains stomata and trichomes. Stomata prevent too much water in 
form of transpiration.  It contains the It also consists of the chloroplasts and as 
epidermal cells allow sunlight to pass this allows chloroplast to perform 
photosynthesis and also control the guard cells of the stomata in exchange of 
gases. They have cuticle protective covering over them.  The lower epidermis 
stays cooler as compared to the top as it is not exposed to sunlight as mush as the 
upper epidermis because of which the lower epidermis has a lot of stomata as 
compared to the upper surface. 
 

v. Xylem Tissues 
 Xylem tissues are found in stems of plants concerned with conductive 

function. They are involved for the conduction of water and mineral salts 
from roots to leaves and pother parts of the plants. Xylem is composed of 
tracheids, vessels, xylem and xylem parenchyma.  

 
Components of Xylem Tissues 
a. Tracheids: They are elongated tube like cells with tapering ends. The cells 

are non-living without protoplast. They have highly lignified secondary cell 
wall and the cells are angular and polygonal.Tracheids are the only xylem 
elements in Pteridophytes. In gymnosperms, majpor portion of secondary 
xylem is composed of tracheids. In angiosperms tracheids occur with other 
xylem elements. In some primitive Angiosperms such as Drimys, 
Trochotendron, tetracentron, the xylem is composed of only trachieds.  
Functions of trachieds: Cells of trachieds are without protoplast at the 
maturity and enhance flow of water. Thick lignified secondary cell wall 
provide mechanical support. Lateral walls and end to the long axis o the 
ortgan are placed.  

b.  Vessels: Vessels are also termed as trachea is short tube like cells. Vessels 
are arranged as a series in an end 6to end fasion to the long axis of the organ 
in which they occur. Components of trachieds are shorter than the actual 
length of trachieds. Mant pits are present in the lateral walls of the vessels 
for communications.A number of perforations plates are seen in vessels. 
Vessel system is made up of a series of cells placed end to end as a long 
tube like structures. Each vessel member has performations at their end 
walls for the easy passage of water and minerals between the cells. Vessel 
members are shorter than tracheids. But diameter of vessels is much larger 
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than the diameter of tracheids.  This facilitates a rapid and efficient flow of 
water through the vessel lumen. Different types of perforation plates are 
simple perforated plate (with single perforation), multiple perforation plate( 
with many perforations), scalariform perforation plate( perforations 
arranged in parallel series), reticulate perforation plates( pores arranged in 
reticular fashion) and forminate type perforation( many pores arranged in 
circular patteren). 

 
Secondary wall Vessels: Secondary wall contains a number of pits which are; 
scalariform pitting (elongated with pits in ladder like arrangement), opposite 
pitting (pits arranged in horizontal rows in pairs) and alternate pitting (pits 
arranged in diagonal rows). 
 
Primary xylem vessels are formed from the longitudinal cells of the pro-cambia. 
Secondary xylem vessels are formed from cells of vascular cambium.  
 

 
 

Fig: 2.12 Structure of vessels in Xylem tissues 
 

Evolutionary Origin of Vessels in Angiosperms:  it is believed that vessels are 
originated from tracheids. They originated by secondary thickening of tracheids.  
 
C.  Xylem Fibres: Xylem fibres are the third component of xylem. They are 

dead cells and do not contain protoplast. These cells have thick walls with 
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lignified secondary cell wall. The main function of vessels is to provide 
mechanical support.  

 
 

Fig: 2.13 Structures of Tracheids and Xylem Fibres 
 

D. Xylem Parenchyma: The forth component of xylem is xylem parenchyma. It 
is the only living component in the xylem tissues. It contains cytoplasm and 
prominent nucleus. Thsy have thin cellulosic wall. Lignified secondary wall is 
absent in xylem parenchyma. parenchyma in the xylem can store starch, oil and 
other ergastic substances. Two typeas of xylem parenchyma occur in the xylem 
are axial parenchyma and ray parenchyma.  
 

 
 

Fig: 2.14 Structure of xylem Parenchyma 
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vi. Phloem Tissues 
Phloem is a complex tissue system in plants. It conducts food from leaves to 
other parts of the plant body Phloem consists of many living and non-living 
cells.usually the phloem is located externally to xylem. In leaves phloem is 
located on the abaxial side (lower side).  

 
Components of phloem tissues are: sieve elements, companion cells phloem 
parenchyma and phloem fibres and sclerieds. 
 
A.Seive Elements: sieve elements are basic cells in phloems involved in food 
conducting process. Sieves are living cells in the phloems with protoplasm. 
Nucleus is absenty in sieve elements. Sieve elements are of two types; sieve cells 
and sieve tbes. Sieve cells are primitive type of sieve elements. They are found in 
found in the phloem of pteridophytes and gymnosperms but absent in 
Angiosperms.Seive tube are advance type of sieve elements. They are found in 
gymnosperms phloem.  Sieve tubes have only primary wall, where cell wall is 
much thicker than simple parenchyma. Cell wall appears very thick and shining in 
cross section. Due to shining appearance they are also termed as nacreous layer. 
Necreous wall mainly consist of cellulose and pectic substances. Lignin is absent 
in walls of the sieve tubes. The area of sieve tubes with pores is called sieve area. 
Adjacent sieve tubes are interconnected by cytoplasmic strands through the pores. 
The sieve pores are comparable to the primary pits on the parenchyma cells. The 
width of sieve pores may reach upto 15micron.  
 
Structure of the siecve tubes is well adapted for the translocation of carbohydrates 
and organic materials.Sieve tube elements are interconnected by protoplasmic 
contents through sieve pores. Protoplasm is continuoiusly found between the 
cells. Contnet in phloem are translocated through cytoplasmic streaming 
movement. 
 
B.  Companion Cells: They are thin walled cells having only primary 

cellulosic cell wall, containing prominent nucleus. Companion cells are 
narrow than sieve tube elements. They are connected with sieve tube 
elements with plasmodesmata. Companion cells contain a large number of 
plastids and ribosomes.They are metabolically very active, and 
physiologically they are associated with tube cells. They are involved in 
provision of energy needed for transport of food. Companion cells are 
absent in lower plants like pteridophytes and gymnosperms. In conifers and 
Ginko some phloem parenchyma are associated with sieve tube cells and are 
called albuminous cells.  



63 
 

C. Phloem Parenchyma: Parenchyma occure in both primary and secondary 
phloem. They are thin walled with protoplasm and nucleus. Some 
p[arenchy,ma cells in phloem store starch as grains. Axial parenchyma and 
ray parenchyma are two type of parenchyma found in secondary phloem. 

 
D.  Phloem Fibres and Sclereids: They are dead cells possessing lignified 

secondary cell wall. Septate fibres occur in phloem of vitis (Grapes). In 
some plants phloem fibres are very long. Fibres have economic importance 
due to shiny appearance. 

 
Function of Phloems: They conduct food materials. Phloem fibres provide 
mechanical support. Ray parenchyma in phloem can store ergastic substances. 
They are source of bast fibres. 

 
Self Assessment Questions 
 
Q.1 Fill In the Blanks 
i.  Cell wall consists of ……………  Sections. 
ii.  The cells of …………… tissues are iso-diametric or polygonal shape. 
iii.  A type of tissues containing chlorophyll are called …………… 
iv. In tissues primary walls are unevenly thickened and consists of round, 

elliptical cells which arise from procambium. 
v. …………… Tissues become dead at the stage of maturity. 
 
Q.2  Write functions of the following: 
 Parenchyma, Collenchyma, Sclerenchyma, Stomata, Xylem and  Phloem. 
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2.3  MERISTEM: TYPES AND FUNCTIONS 
 
A kind of tissues in which cells have ability to divide. Cells are immature and 
young and found at the apices of stems and roots. They are found in growing parts 
of the plants. They are characterized by oval, rounded, polygonal or rectangular 
shapes of cells which are small in size.There are no intercellular spaces among the 
cells. Cell wall of the cells is made up of cellulose and nucleus is centralized and 
prominent. On the basis of functions of meristems, metabolic capacity of 
meristems is very high and cell division takes place continuously.  
 
2.3.1 Types of Meristems on the Basis of Origin:  On the basis of origin there 
are three types of meristmatic tissues; Promeristems, Primary meristems and 
secondary meristems. 
Promeristems: They originate from embryo. This type of meristems is present in 
growing meristems, which give rise to primary meristems. 
 
Primary Meristem: They originate from promeristems, are always active and 
dividing. They are found below promeristems in the shoot and root tips, and also 
in intercalary position. They give rise to secondary meristems. 
 
Secondary Meristems: They originate from primary meristems. Secondary 
permanent tissues arise from them. 
 
2.3.2 Types of Meristematic Tissues on the Basis of Position:  
 
Apical Meristem: They are found at the apical parts of the parts e.g root tips and 
shoot tips. They help in increase the height of plants. Proximal zone contains 
apical initials (dividing cells where as meristematic zone contains protoderms, 
procambium and ground meristems. 
 
Intercalary Meristem: It is part of apical meristem, found in the intercalary 
position in the leaves and internode. They also add height of the plants. They are 
commonly found in monocots, pines and grass. 
 
Lateral Meristem: This type of tissues is present on the lateral sides of the roots 
and stems. They are involved in thickening of plant parts. Vascular cambium and 
cork cambium are examples. 
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2.3.3 Types of Meristems on the Basis of Functions: 
Meristmatic tissues are divided into protoderm, procambium and Ground 
meristems. 
 
Protoderm: These tissues protect the plant parts from mechanical injury. They 
are outermost meristmatic tissues. 
 
Procambium: They form vascular tissues; lies at the innermost functions are to 
transport water and nutritients. 
 
Ground Meristems: They form cortex, endodermis, pericycle and pith in dicot 
and hypodermis, ground tissues in monocot. Their functions are of various 
natures.  

 
2.4  VASCULAR CAMBIUM 
 
The vascular cambium (also called main cambium, wood cambium, bifacial 
cambium; plural cambia) is a plant tissue located between the xylem and 
the phloem in the stem of a vascular plant. It is a cylinder of unspecialized 
meristem cells that divide to form secondary vascular tissues. Namely, it is the 
source of both secondary xylem growth inwards towards the pith, and secondary 
phloem growth outwards to the bark. Vascular cambium does not occur in the 
root. Unlike the xylem and phloem, it does not transport water, minerals or food 
through the plant.  
 
Vascular cambia are found in dicots and gymnosperms but not monocots, which 
usually lack secondary growth. A few leaf types also have a vascular cambium. In 
wood, the vascular cambium is the obvious line separating the bark and wood. For 
successful grafting, the vascular cambia of the rootstock and scion must be 
aligned so they can grow together. 
 
Structure and Function of Cambium 
The cambium present between primary xylem and primary phloem is 
called intrafasicular cambium. During secondary growth, cells of meduallary 
rays, in a line with intrafasicular cambium, become meristematic and form 
interfascicular cambium. Therefore, the intrafascicular and interfascicular cambia 
form a ring which separates the primary xylem and primary phloem, and is known 
as cambium ring. The vascular cambium produces secondary xylem on the inside 
of the ring, and secondary phloem on the outside, pushing the primary xylem and 
phloem apart. 
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The Vascular Cambium Usually Consists of Two Types of Cells: 
Fusiform initials (tall, axially oriented) Ray initials (smaller and round to angular 
in shape) Maintenance of cambial meristemThe vascular cambium is maintained 
by a network of interacting signal feedback loops. Currently, both hormones and 
short peptides have been identified as information carriers in these systems. While 
similar regulation occurs in other meristems of plants, the cambial meristem 
receives signals from both the xylem and phloem sides for the meristem. Signals 
received from outside the meristem act to down regulate internal factors, which 
promotes cell proliferation, and promotes differentiation 
 

2.5 PRIMARY AND SECONDARY GROWTH OF DICOT 
STEMS, PERIDERM 

 

Growth in Stems: Growth in plants occurs as the stems and roots lengthen. Some 
plants, especially those that are woody, also increase in thickness during their life 
span. The increase in length of the shoot and the root is referred to as primary 
growth. It is the result of cell division in the shoot apical meristem. Secondary 
growth is characterized by an increase in thickness or girth of the plant. It is 
caused by cell division in the lateral meristem. Herbaceous plants mostly undergo 
primary growth, with little secondary growth or increase in thickness. Secondary 
growth, or “wood”, is noticeable in woody plants; it occurs in some dicots, but 
occurs very rarely in monocots. 
 

 
 

Fig: 2.15. Primary and secondary growth in stem 
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Primary and Secondary Growth: In woody plants, primary growth is followed 
by secondary growth, which allows the plant stem to increase in thickness or 
girth. Secondary vascular tissue is added as the plant grows, as well as a cork 
layer. The bark of a tree extends from the vascular cambium to the epidermis. 

 

Some plant parts, such as stems and roots, continue to grow throughout a plant’s 
life: a phenomenon called indeterminate growth. Other plant parts, such as leaves 
and flowers, exhibit determinate growth, which ceases when a plant part reaches a 
particular size. 

 

Primary Growth 
Most primary growth occurs at the apices, or tips, of stems and roots. Primary 
growth is a result of rapidly-dividing cells in the apical meristems at the shoot tip 
and root tip. Subsequent cell elongation also contributes to primary growth. The 
growth of shoots and roots during primary growth enables plants to continuously 
seek water (roots) or sunlight (shoots). 
 
The influence of the apical bud on overall plant growth is known as apical 
dominance, which diminishes the growth of axillary buds that form along the sides 
of branches and stems. Most coniferous trees exhibit strong apical dominance, thus 
producing the typical conical Christmas tree shape. If the apical bud is removed, 
then the axillary buds will start forming lateral branches. Gardeners make use of 
this fact when they prune plants by cutting off the tops of branches, thus 
encouraging the axillary buds to grow out, giving the plant a bushy shape. 
 

Secondary Growth 
The increase in stem thickness that results from secondary growth is due to the 
activity of the lateral meristems, which are lacking in herbaceous plants. Lateral 
meristems include the vascular cambium and, in woody plants, the cork cambium. 
The vascular cambium is located just outside the primary xylem and to the 
interior of the primary phloem. The cells of the vascular cambium divide and 
form secondary xylem ( tracheids and vessel elements) to the inside and 
secondary phloem (sieve elements and companion cells) to the outside. The 
thickening of the stem that occurs in secondary growth is due to the formation of 
secondary phloem and secondary xylem by the vascular cambium, plus the action 
of cork cambium, which forms the tough outermost layer of the stem. The cells of 
the secondary xylem contain lignin, which provides hardiness and strength. 
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In woody plants, cork cambium is the outermost lateral meristem. It produces 
cork cells (bark) containing a waxy substance known as suberin that can repel 
water. The bark protects the plant against physical damage and helps reduce water 
loss. The cork cambium also produces a layer of cells known as phelloderm, 
which grows inward from the cambium. The cork cambium, cork cells, and 
phelloderm are collectively termed the periderm. The periderm substitutes for the 
epidermis in mature plants. In some plants, the periderm has many openings, 
known as lenticels, which allow the interior cells to exchange gases with the 
outside atmosphere. This supplies oxygen to the living- and metabolically-active 
cells of the cortex, xylem, and phloem. 
 

 
 

Fig: 2.16. Example of Lenticels: Lenticels on the bark of this cherry tree enable 
the woody stem to exchange gases with the surrounding atmosphere. 

 

2.6  CHARACTERISTICS OF WOOD 
 
Wood is characterized by the presence of axial and radial structures derived from 
the fusiform and ray initials, respectively. In conifers the cells of the axial system 
are most frequently tracheids, which are designed to form tissues for strength and 
water conduction; in hardwoods the axial system is composed primarily of fibres 
and vessel elements. Having two cell types permits a division of labour; the fibres 
serve a largely mechanical function, and the vessel elements are wide, hollow cells 
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specialized for water conduction. Wood grain is determined by the orientation of 
the cells of the axial system and is thus a measure of the longitudinal alignment of 
the tracheids (in softwood) or fibres and of their predominance. 

 

 
 

Fig: 2.17.Types of cells in hard wood and soft wood 
 
In many species, only the youngest wood carries water and nutrients throughout 
the plant; this is called sapwood. As the tree ages, the older inner portions of the 
sapwood are infiltrated by oils, gums, resins, tannins, and other chemical 
compounds. When the cells die, the sapwood has been converted to heartwood, 
often darker in colour than the sapwood. Heartwood, although dead, typically 
persists for the life of the tree and affords structural strength unless diseased and 
can serve as a reservoir of water for the sapwood. 
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Fig: 2.18.Sap wood and Heart Wood 
 
In normal or good growing conditions, the proportion of secondary xylem cells 
formed is much greater than that of the secondary phloem, as much as 10–20 to 1, 
but in extremely stressful years or situations the phloem is less affected, and the 
ratio may drop below 1. In most cases, the phloem operates in food transport for 
only a single year, while the xylem of most species may function 
in sap conduction for several years before it loses functionality and becomes 
heartwood. The tree annually produces more wood than it needs for conduction 
and support under most conditions; i.e., there is a wide margin of safety in xylem 
production. In contrast, there is a much smaller margin of safety in phloem 
production; hence, it has higher priority of allocation of the energy resources of 
the tree. Under extremely stressful conditions, annual xylem production may be 
zero even while some phloem continues to be formed. 
 
Branching is a significant characteristic in trees. Most conifers form a well-
defined dominant trunk with smaller lateral branches (excurrent branching). Many 
angiosperms show for some part of their development a well-defined central axis, 
which then divides continually to form a crown of branches of similar dimensions 
(deliquescent branching). This can be found in many oaks, thehoney 
locust (Gleditsia triacanthos), the silver linden (Tilia tomentosa), and the 
American elm (Ulmus americana). The palms illustrate the third major tree 
form, columnar, in which the central axis develops without branching until the 
apex of the bole.  
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Annual Rings: The activity of the vascular cambium gives rise to annual growth 
rings. During the spring growing season, cells of the secondary xylem have a 
large internal diameter; their primary cell walls are not extensively thickened. 
This is known as early wood, or spring wood. During the fall season, the 
secondary xylem develops thickened cell walls, forming late wood, or autumn 
wood, which is denser than early wood. This alternation of early and late wood is 
due largely to a seasonal decrease in the number of vessel elements and a seasonal 
increase in the number of tracheids. It results in the formation of an annual ring, 
which can be seen as a circular ring in the cross section of the stem. An 
examination of the number of annual rings and their nature (such as their size and 
cell wall thickness) can reveal the age of the tree and the prevailing climatic 
conditions during each season. 
 

 
 

Fig: 2.19. Annual Rings in Stem 
 
Annual growth rings: The rate of wood growth increases in summer and 
decreases in winter, producing a characteristic ring for each year of growth. 
Seasonal changes in weather patterns can also affect the growth rate. Note how 
the rings vary in thickness 
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KEY POINTS 
 
Indeterminate growth continues throughout a plant’s life, while determinate 
growth stops when a plant element (such as a leaf) reaches a particular size. 
 
Primary growth of stems is a result of rapidly-dividing cells in the apical 
meristems at the shoot tips. 

 

Apical dominance reduces the growth along the sides of branches and stems, 
giving the tree a conical shape. 

 

The growth of the lateral meristems, which includes the vascular cambium and 
the cork cambium (in woody plants), increases the thickness of the stem during 
secondary growth. 
 

Cork cells (bark) protect the plant against physical damage and water loss; they 
contain a waxy substance known as suberin that prevents water from penetrating 
the tissue. 
The secondary xylem develops dense wood during the fall and thin wood during 
the spring, which produces a characteristic ring for each year of growth. 
Lenticel: small, oval, rounded spots upon the stem or branch of a plant that allow 
the exchange of gases with the surrounding atmosphere 

 

Periderm: the outer layer of plant tissue; the outer bark 
 

Suberin: a waxy material found in bark that can repel water. 
 
SELF ASSESSMENT QUESTIONS 
 
Q.1 Fill in the blanks 
 i.  Type of meristems which originate from ……………… are called 

promeristems. 
 ii. ……………… protects the plant parts from mechanical injury. 
 iii. In vascular Plants ……………… locate between xylem and phloem. 
 iv. Axial system in ……………… consists of fibres and vessel elements. 
 v.  ………………  is a material in bark of Plants that can repel water? 
 



73 
 

Q.2  Answer the following: 
 i.  Describe the types of meristems on the basis of Origin. 
 ii.  Describe the types of meristems on the basis of Functions. 
 iii.  Describe the types of meristems on the basis of Position. 
 iv. Write structure and functions of Cambium. 
 v. Differentiate Sap wood and Heart wood. 
 vi.  Differentiate hard wood and soft wood. 
 vii. Write a note on Annual Rings. 
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INTRODUCTION 
 
This unit the third unit of biology-II, written for the students of B.Ed 2.5/4 years 
for fulfilling content area requirement. The name of this unit is embryology 
“Embryology/Developmental Biology is the study of micro- and mega-
sporogenesis, gametophyte development, fertilization, and development of 
endosperm, embryo, and seed coats” The writer has described the early 
development of plant body in a very easy way. Microgametophyte and 
megagametophyte development and their role and functions are decortated with 
illustrations. Endosperm formation PArthenocarpy and polyembryology are 
discussed in the following pages. 
 
 

OBJECTIVES 
 
After completion of this Unit, you will be able to: 
 define different terms involved in Embryology. 
 describe embryology in CApsella bursa-pastoris 
 differentiate Microgametophyte and Megagametophyte. 
 draw streucture of Ovuole and label its different parts. 
 explain the concept of PArthenocarpy. 
 give examples of parthenocarpy and Polyembryology.  
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3.1  EARLY DEVELOPMENT OF PLANT BODY  
 
Plant development is an umbrella term for a broad spectrum of processes that 
include: the formation of a complete embryo from a zygote; seed germination; the 
elaboration of a mature vegetative plant from the embryo; the formation of 
flowers, fruits, and seeds; and many of the plant's responses to its environment. 
Plant development encompasses the growth and differentiation of cells, tissues, 
organs, and organ systems.  
 
Embryogenesis, the formation of a multicellular embryo from a single-celled 
zygote, is one of the most dramatic and best-characterized aspects of plant 
development. Four key developmental processes take place during 
embryogenesis. First, the zygote expresses apical -basal polarity, meaning that the 
apical and basal ends of the zygote cell differ structurally and biochemically. The 
apical cell gives rise to the embryo itself, while the basal cell gives rise to a short-
lived structure called a suspensor and the tip of the root system. The progeny of 
the apical cell grow and divide to form a spherical mass of cells, the globular-
stage embryo. Second, differential growth within the globular embryo gives rise 
to the "heart" stage embryo, the earliest stage when the precursors of cotyledons, 
root, and stem can be recognized. This key embryogenic process is called 
organogenesis. Third, distinctive planes of cell divisions bring about histogenesis, 
the process by which cells within embryonic cotyledons, root, and stem acquire 
different shapes, forming the precursors of the plant tissue systems. Last, 
the apical meristems of the shoot and root systems are formed at the apical and 
basal ends of the embryo. 
 

 
 

Fig: 3.1. Embryogenesis 
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Embryo formation begins with cell division that establishes the apical-basal (top-
bottom) axis. Further divisions elaborate on this basic plan, finally forming the 
cotyledons (seed leaves), as well as the apical meristems of root and shoot. 
 
After an embryo has reached full size, developmental changes continue to occur 
at the cellular level. Embryonic cells, particularly those of the cotyledons, begin 
to synthesize and store the proteins lipids, and starch that will provide the energy 
and basic building blocks for germination and seedling growth. Next, the embryo 
begins to desiccate, sometimes losing up to 80 percent of its previous water 
content, and enters a phase of dormancy. Development and metabolism are 
arrested in dormant embryos, and seeds containing dormant embryos can survive 
for many years (sometimes centuries) and withstand extreme temperatures and 
drought. 
 

Germination and Seedling Development 
Embryo development and metabolism resume upon seed germination. Given the 
right combination of water availability, temperatures, and light, the desiccated 
seed begins to take up water and the embryo begins to grow and metabolize again. 
Once germination is initiated, the embryo follows a typical pattern of 
development. In many plants, the preformed embryonic root elongates first, 
forcing its way out of the seed coat and into the soil. Next, the embryonic stem, 
usually the part below the attachment of the cotyledons (the hypocotyl), 
elongates. Once the hypocotyl has carried the cotyledons into the light, they 
expand, providing a broad surface for photosynthesis. 

 
Fig: 3.2: Germination of Seed 



80 
 

The root is the first portion of the plant to emerge during germination. Growth of 
the stem behind the cotyledons forms a "hook" that emerges from the soil, 
followed by emergence of the cotyledons, which begin to photosynthesize to feed 
further growth. 
 
Apical Meristems and Development 
 
The early stages of germination simply involve the enlargement of the root, 
hypocotyl, and cotyledons that were preformed in the embryo. Postembryonic 
development, however, is focused on the apical meristems. The shoot apical 
meristem is the source of all the leaves, stems, and their component cells formed 
during the lifetime of the plant. The meristem itself is composed of a small 
population of perpetually embryonic (meristematic) cells. These cells grow and 
divide, giving rise to new cells, but never mature themselves. Thus there is always 
a source of new cells at the tip of the shoot. The root tip has a similar population 
of meristematic cells that gives rise to all root tissues. Both of these meristems are 
characterized by an indeterminate growth pattern: one that is not finite, but, in 
theory at least, could continue throughout the lifetime of the plant. 
 
Apical meristems are involved in several distinct developmental processes. The 
meristems are the location of cell proliferation and thus the source of all new cells 
in the shoot and root systems. The regions below the meristems are the sites of 
active growth, as new shoot and root tissue rapidly expands. The shoot apical 
meristem plays a role in organogenesis, the formation of new leaves and axillary 
buds in a precise spatial pattern. In contrast, the root apical meristem is not 
involved in organogenesis; lateral roots are initiated by pericycle cells, which are 
themselves derived from the meristem, usually several centimeters away from the 
meristem. The apical meristems also play a role in histogenesis by giving rise to 
cells that undergo distinct patterns of differentiation to form the specialized tissue 
types of the shoot and root. While the embryo initially gives rise to the precursors 
of dermal, ground, and vascular tissues (protoderm, ground meristem, and 
procambium, respectively), these tissue precursors continue to be formed by the 
apical meristems and represent the first stages of cell and tissue differentiation. 
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Fig: 3.3 Developments in Apical Meristems 
 
Cell Growth and Cell Division 
 
Growth is defined as an irreversible increase in mass that is typically associated 
with an increase in volume. Plant cell growth is associated with meristems and 
must be carefully regulated in order for organogensis and histogenesis to occur in 
the appropriate patterns. Cell division and cell growth are often tightly linked. 
When the rate of cell division is balanced by cell growth, as in the apical 
meristems, average cell size does not increase. As the meristem grows away from 
earlier formed cells, the ratio of growth to division increases, resulting in overall 
cell enlargement. As the tissues mature further, cell division ceases completely, 
giving rise to zones of pure cell enlargement where most of the visible growth of 
the plant occurs. This relationship between division and growth, coupled with 
observations of the predictable planes of cell division during histogenesis, 
indicates that cell division is carefully regulated during plant development. 
 
Differentiation 
 
Differentiation is the process whereby cells, tissues, and organs become different 
from each other and from their precursors. The concept can be applied to 
organogenesis since cotyledons, foliage leaves, sepals, and petals may all develop 
from similar appearing precursors, the leaf primordia. As these organs mature, 
they become different from each other in size, shape, and the development of 
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distinctive cell types. For instance, the epidermis tissue of petals is sharply 
differentiated from that of cotyledons, foliage leaves and sepals that are 
photosynthetic organs. Correlated with a photosynthetic function, the epidermis of 
these organs is made up of flat, transparent cells that allow the penetration of light 
into internal tissues. Specialized guard cells that allow CO 2 to enter the leaf are 
also present. In contrast, the epidermal cells of petals contain brightly colored 
carotenoid or anthocyanin pigments. These cells also have a papillate shape that 
imparts a velvetlike sheen to the petal surface. Since petals carry on minimal 
photosynthesis, they often lack guard cells. 
 
The process of differentiation is best understood on a cellular level. For instance, 
guard cells are highly specialized epidermal cells. Early in the development of a 
leaf, protodermal precursor cells undergo a distinctive pattern of cell divisions. At 
first the cell divisions are asymmetric, producing one large and one small 
derivative. The large derivative stops dividing and differentiates as an 
unspecialized epidermal cell, while the small derivative undergoes another 
asymmetric division. At an unknown stop signal, the small derivative undergoes a 
symmetric division, giving rise to two equal sized cells that become the guard 
cells. Unlike their plain neighbors, these cells develop a distinctive kidney shape, 
unevenly thickened cell walls, large, conspicuous chloroplasts, and finally form a 
pore (the stomatal aperture) between them. 
 

3.2  CAPSELLA BURSA-PASTORIS 
 
For the first time Hanstein (1870) worked out the details of the development of 
embryo in Capsella bursa- pastoris, a member of Crucifeae. The oospore divides 
transversely forming two cells, a terminal cell and basal cell. The cell towards the 
micropylar end of the embryo sac is the suspensor cell (i.e., basal cell) and the 
other one makes to the embryo cell (i.e., terminal cell). The terminal cell by 
subsequent divisions gives rise to the embryo while the basal cell contributes 
towards the formation of suspensor. 
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Fig: 3.4 Development of Embryo in Capsella bursa- pastoris 
 
The terminal cell divides by a vertical division forming a 4-celled 1-shaped 
embryo. In certain plants the basal cell also forms the hypocotyl (i.e., the root end 
of the embryo) in addition of suspensor. The terminal cells of the four-celled pro-
embryo divide vertically at right angle to the first vertical wall forming four cells. 
Now each of the four cells divides transversely forming the octant stage (8-celled) 
of the embryo. 
 
The four cells next to the suspensor are termed the hypo-basal or posterior octants 
while the remaining four cells make the epibasal or anterior octants. The epibasal 
octants give rise to plumule and the cotyledons, whereas the hybobasal octants 
give rise to the hypocotyl with the exception of its tip. Now all the eight cells of 
the octant divide periclinally forming outer and inner cells. 
 
The outer cells divide further by anticlinal division forming a peripheral layer of 
epidermal cells, the dermatogen. The inner cells divide by longitudinal and 
transverse divisions forming periblem beneath the dermatogen and plerome in the 
central region. The cells of periblem give rise to the cortex while that of plerome 
form the stele. 
 
At the time of the development of the octant stage of embryo the two basal cells 
divide transversely forming a 6-10-celled filament, the suspensor which attains its 
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maximum development by the time embryo attains globular stage. The suspensor 
pushes the embryo cells down into the endosperm. 
 
The distal cell of the suspensor is much larger than the other cells and acts as a 
haustorium. The lowermost cell of the suspensor is known as hypophysis. By 
further divisions, the hypophysis gives rise to the embryonic root and root cap. 
With the continuous growth, the embryo becomes heart-shaped which is made up 
of two primordia of cotyledons. The mature embryo consists of a short axis and 
two cotyledons. Each cotyledon appears on either side of the hypocotyl. In most 
of dicotyledons, the general course of embryogenesis is followed as seen in 
Capsella bursa-pastoris. 
 

 
 

Fig: 3.5 Differention in Capsella bursa-pastoris. 
 

3.3 STRUCTURE AND DEVELOPMENT OF ANTHER 
MICROSPOROGENESIS (MICROGAMETOPHYTE) 

 
During the development of the microsporangium, the anther is seen at first as a 
homogeneous mass of meristematic cells, oblong in cross-section and surrounded 
by an epidermis (Fig.3.6). 
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It then becomes more or less four-lobed and four longitudinal rows of 
archesporial cells are differentiated. There may be only one such archesporial cell 
in each of the four lobes (Fig3.6.) or there may be more of them forming a plate. 
Each archesporial cell now cuts off a primary parietal cell towards the epidermis 
and a primary sporogenous cell on the inner side (Fig.3.6). 
 
The parietal cell now divides periclinally and anticlinally giving rise to several 
layers of cells forming the wall of the anther while the sporogenous cell usually 
divides a few times giving rise to a number of microspore or pollen mother cells. 
 

 
 

Fig:  3.6 Development stages of Anther 
 
The innermost layer of wall cells directly adjacent to the sporogenous tissue forms 
the tapetum which is a nutritive tissue nourishing the developing microspores. 
The wall cells just below the epidermis form the endothecium which later loses 
the cell contents, usually becomes fibrous, and forms the dry coat of the mature 
anther in which the epidermis becomes rather inconspicuous. 
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During microsporogenesis (i.e., development of microspores or pollens) the 
nucleus of each microspore mother cell undergoes meiosis or reduction division 
ultimately giving rise to four haploid (i.e., possessing ‘n’ number of 
chromosomes) nuclei. 
 
These four nuclei are arranged tetrahedrally and are soon separated by cell walls. 
They are now the microspores or pollens which soon dry up and become powdery 
while the tapetum becomes absorbed. 
 
The anther now becomes a dry structure, the partition walls between the sporangia 
(i.e., loculi) are usually destroyed and the microspores (pollens) are soon liberated 
by dehiscence of the anther. 
 
The pollen or the microspore is a very minute structure (0.025 to 0.125 mm in 
diameter). It is unicellular and usually round although it may be oval, pyramidal, 
polyhedral, etc. It is provided with two coats—an inner, delicate cellulose layer 
called intine and an outer tough, cutinised layer called exine. The exine is often 
sculptured or provided with spines, warts, etc. Occasionally, it is smooth.  
 
Very often, there are some definitely thinner, circular spots or slits in the exine 
called germ pores or slits. These weak spots are utilised during the germination of 
the pollen. The pores are sometimes provided with lids (Fig. 3.7 ) which open out 
like valves during germination. Very often, before the pollen is discharged from 
the anther it becomes binucleate, the original single nucleus dividing-into a tube 
nucleus and a generative nucleus. 

 
Fig: 3.7 Pollina 
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The latter, with some cytoplasm surrounding it, becomes the generative cell. 
Sometimes the pollen may even become trinucleate, as in most cereal crops, by 
complete development of the male gametophyte even before it is shed.  
 
Development of the Male Gametophyte: 
 
The nucleus of the microspore begins to divide very soon after it is formed. Such 
division may begin even before the microspores dissociate from the tetrad 
condition. When the pollen is lodged on the stigma, usually its nucleus has 
already divided. The microspore cell divides into two very equal cells with the 
smaller cell attached to the wall. The latter soon loses contact with the wall and 
becomes the lens-shaped generative cell floating freely in the cytoplasm of the 
large vegetative or tube cell. It is then in the binucleate (or two-celled) stage.  
 

 
 

Fig: 3.8 Early Stages of Development of the male gametophyte 
 

As the pollen germinates and the pollen tube comes out through a germ pore (Fig 
3.9.) the vegetative nucleus precedes the generative cell (Fig.3.9). The generative 
cell soon divides mitotically to form two male gametes (Fig.3.9) and this act is 
known as spermatogenesis. The gamete nuclei are enveloped in cytoplasmic 
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sheaths, this forming gamete cells. At a later stage the two male gamete cells are 
seen to follow the vegetative ‘nucleus (Fig.3.9). 
 
Soon the vegetative nucleus, which seems to be of no importance being a mere 
vestigial organ, disappears. As the pollen is the microspore, the contents within 
the pollen and the pollen tube formed by the germination of the microspore is the 
male gametophyte of Angiosperms. 
 

 
 

Fig: 3.9 Development of male gametophyte and Spermatogenesis 
 

While the male gametophyte, thus, usually develops after the pollen has 
germinated, there are many instances where it develops within the pollen before 
the pollen tube is formed and, in some cases, even before pollination. Trinucleate 
pollens with tube nucleus and two gamete cells are observed in such cases 
(Fig.3.9). Such trinucleate pollen formation is the rule in many plants (e.g., 
Portulaca), especially the cereal crops like wheat, rice, maize of Gramineae and 
sugarcane of the same family. 
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3.4  STRUCTURE OF OVUOLE MEGASPOROGENESIS 
(MEGAGAMETOPHYTE) 

 

The ovule or the megasporangium develops as a small protuberance of the 
placental tissue. In the very young ovule a single hypodermal cell is differentiated 
as the archesporium (Fig.3.10). This archesporium cell may or may not cut off 
some parietal cells and then becomes the megaspore mother cell (Fig.). The 
megaspore mother cell now undergoes meiosis or reduction division, and, usually, 
a linear row of four haploid megaspore cells (‘linear tetrad’) is formed (Fig. 3.10). 
Meanwhile, two integuments develop from the base of the ovule. Of the linear 
tetrad of megaspores, usually the lower most one enlarges and becomes the 
functional megaspore while the three on top disintegrate (Fig.3.10). 
 

 
Fig: 3.10 Stages of Ovuole development and Megasporogenesis 

 
The functional megaspore now develops the female gametophyte or the embryo 
sac. In Angiosperms, the development of the female gametophyte is completely 
endosporous, i.e., within the megaspore. In a typical case, the nucleus of the 
embryo sac , which is the same as the functional megaspore, divides into two, 
then four and finally, eight daughter nuclei four of which are located at each pole. 
Then, one nucleus from each pole moves to the centre of the embryo sac and fuses 
there forming the fusion or secondary nucleus. Finally, the embryo sac or the 
female gametophyte becomes organized (Fig. 3.11). 
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Three nuclei at the base form the antipodal cells. The secondary nucleus remains 
at the centre. On the top, three cells from the egg apparatus which consists of two 
flask-shaped synergids and a round egg cell (or ovum or oosphere) hanging 
between and below them.  

 
 

Fig: 3.11 Development of female gametophyte 

 
3.1.1 Structure of Ovuole 
 
Each ovuole is attached to the inner wall of the ovary (placenta), by a slender 
stalk, called funicle. The point of attachment of ovuole to its funicle is called 
hilum. Main body of the ovuole is formed by inner central mass i.e., nucellus. 
Nucellus consists of living parenchymatous cells. In Each mature ovuole, the 
nucellus serves to cover and provide nutrition to the embryo sac (female 
gametophyte). 
 
Each ovuole has two distinct ends-a micropyle end (it also called opening of 
ovule during fertilisation) and a Chalaza end (the posterior end, opposite to 
micropylarend). Externally the nucellus is covered by one or two protective 
covers, called integuments. These integuments arise from the chalazal end. When 
only one integument is present, the ovule is called unitegmic, and if the ovule 
consists of two integuments. In mature ovules, the female gametophyte or embryo 
sac is present in the centre. The embryosac consists of egg cell (female gamete), 
synergid cells, antipodal cells and two polar nuclei which fuse to form the fusion 
or secondary nucleus. 
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Fig: 3.12 Structure of Ovuole 
 

3.5 DEVELOPMENT OF ENDOSPERM 
 
Fertilisation is angiosperms, is unique. It is called double fertilisation. This is 
because there are two sperms per pollen tube. One of the sperms fertilises the egg 
cell to form zygote, while remaining sperm fertilises two polar nuclei, resulting in 
the formation of a triploid endosperm cell.  
 
The endosperm, a food tissue of varying degree of importance in different species 
of angiosperm plants, is formed in most cases as a result of fusion of the two polar 
nuclei and one male gamete. Since all three of die fusing nuclei are haploid, the 
endosperm is triploid. In fully ripe seeds, the endosperm represents a 
physiologically dead tissue because of the degeneration of the nuclei of the 
endosperm cells. Dying of the nuclei in the endosperm cells, however, promotes 
the filling of the grain, and embryo can secure the food material more easily from 
a dead rather than a living tissue. 
 
Endospermic and Non-Endospermic Seeds: 
 
1.  Endospermic Seeds:In some seeds the endosperm forms a permanent tissue 

(e.g., Ricinus, Phoenix. Triticum) which persists, enlarges and become a 
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prominent tissue of the seed, rich in accumulated food in the form of oil, 
starch and proteins. The food stored in the endosperm is utilized by the 
embryo when the seed germinates. Such seeds are called endospermic or 
albumionous seeds. 

 
2.  Non-endospermic Seeds: In other seeds (e.g., Cucurbits, Pisutn, Arachis) it 

is used up by the growing embryo and is no longer seen in the mature seed. 
Such seeds are called non-endospermic or ex-albuminous seeds. 

 

3.6 PARTHENOCARPY 

 
Development of fruits without fertilization is called parthenocarpy and the fruits 
thus produced are known as parthenocarpic fruits or seedless fruits, e.g. Musa 
(Banana), Psidium (Guava), Pyrus (Apple), Vitis (Grapes) etc. Parthenocarpic 
fruits have an increased proportion of edible part than in normal fruits. In 
horticulture seedless fruits are suitable either as consumption or in the preparation 
of jams and juices. 
 
3.7  POLYEMBRYONY 
 
Presence of more than one embryo inside the seed is known as polyembryony. 
This phenomenon is very common in gymnosperm than angiosperm. Besides 
normal embryoe (develops from Zygote), other embryos are formed inside seed 
may be as haploid (n) or Diploid (2n). Polyembryony may be True polyembryony 
where many embryos are developed inside single embryo sac or may be false 
polyembryony where the ovule carries more than one embryo sac & embryos 
develop in each embryo sac. 
 
Causes of Polyembryony in Angiosperm 
 
Polyembryony takes place due to: 
1.  Cleavage of proembryo: It is simplest method of polyembryony where 

zygote divides into many units & each unit develops an embryo. 
2.  Development of many embryos from synergid, antipodal cells, endosperm 

except egg. 
3.  Development of many embryos due to presence of more than one embryo 

sac. 
4.  Development of polyembryo from nucellus, integument (outside the embryo 

sac).  
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SELF ASSESSMENT QUESTIONS 
 
Q.1 Select  
1.  Secondary tissue is added by the: 

A. intercalary meristem 
B. vascular cambium 
C. apical meristems 
D. both A and B   (D). 

2.   Apical meristems are found at tips of: 
A. root 
B. shoot 
C. both root and shoot 
D. cotyledon © 

3.  Production of leaves and flowers is due to: 
A. lateral meristems 
B. intercalary meristems  … 
C. apical meristems 
D. cortex 

4.  Which of the following is NOT a characteristic of wind pollination? 
       A)  minute anthers 
       B)  flowers appearing before leaves  
       C)  high pollen to ovule ratio  
 D)  inconspicuous flowers without showy petals e) flowers typically in 

catkins 
5.  The tissue lining the ovary to which the ovules are attached is called the: 

A.  Perisperm  
B.  Placenta  
C.  Endosperm  
D.  Pistil  
E.  Filament 

6.   In flowering plants, endosperm 
 A.  is pre-fertilising tissue. 
  B.  development rarely involves free nuclear divisions. 
  C. development precedes embryo development. 
 D.  is triploid tissue always. 
 
Q.2  Fill in the Blanks with Suitable word. 
 i. Formation of multicellular embryo from a single celled zygote is 

called …………… 
 ii.  In dormancy seed looses …………… % water. 
 iii.  Endosperm is a …………… tissue. 
 
Q.3 what are causes of Polyembryology? 
Q.4 Give five examples of plants where parthenocarpy is involved. 
Q.5 Draw structure of Ovoule and label its different parts. 
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INTRODUCTION 
 
In physics and chemistry, a molecule is an electrically neutral, group of atoms that 
can exist alone in a free state while its characteristic properties are retained. The 
atoms comprising the molecule may be of the same kind (as in oxygen molecule 
made up of two oxygen atoms) or of different kinds (such as water molecule made 
up of oxygen and hydrogen). In biology, particularly in biochemistry, a molecule 
is a term used less strictly that it can also refer to any minute particle such as 
charged organic molecules or to substances (called biomolecules) produced and 
occurring naturally in living organisms such as Protiens, carbohydrates, DNA, etc. 
Complex organic compounds which govern the common activities of living 
organisms are called as biomolecules. Living systems are made up of various 
complex biomolecules like carbohydrates, proteins, nucleic acids, lipids, etc. In 
addition to that some simple molecules like vitamins and mineral salts also play 
an important role in the functions of organisms. 
 

OBJECTIVES 
 
After reading the unit, you will be able to; 
 define biomolecules 
 describe different types of biomolecules 
 explain difference between different biomolecules 
 analyze structural differences in different biomolecules 
 explain importance of biomolecules 
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4.1  STRUCTURE AND FUNCTIONS OF BIOMOLECULES 
 
Biomolecule, also called biological molecule, any of numerous substances that are 
produced by cells and living organisms. Biomolecules have a wide range of sizes 
and structures and perform a vast array of functions. The four major types of 
biomolecules are carbohydrates, lipids, nucleic acids, and proteins. 
 
A biomolecule or biological molecule is a loosely used term for molecules 
and ions that are present in organisms, essential to some typically biological 
process such as cell division, morphogenesis, or development. Biomolecules 
include large macromolecules (or polyanions) such as proteins, carbohydrates, 
lipids, and nucleic acids, as well as small molecules such as primary metabolites, 
secondary metabolites, and natural products. A more general name for this class 
of material is biological materials. Biomolecules are usually endogenous but may 
also be exogenous. For example, pharmaceutical drugs may be natural products 
or semisynthetic (biopharmaceuticals) or they may be totally synthetic. 
 

Biology and its subsets of biochemistry and molecular biology study 
biomolecules and their reactions. Most biomolecules are organic compounds, and 
just four elements—oxygen, carbon, hydrogen, and nitrogen—make up 96% of 
the human body's mass. But many other elements, such as the various biometals, 
are present in small amounts. 
 
The uniformity of specific types of molecules (the biomolecules) and of 
some metabolic pathways as invariant features between the diversity of life forms 
is called "biochemical universals or "theory of material unity of the living 
beings", a unifying concept in biology, along with cell theory and evolution 
theory. (The structure and function ca be explained only in separate headings, as 
done below) 
 

4.2  CARBOHYDRATES 
 
4.2.1 Introduction  
 
Carbohydrates are the most abundant biomolecules belonging to class of organic 
compounds found in living organisms on earth. Each year, more than 100 billion 
metric tons of CO2 and H2O are converted into cellulose and other plant products 
due to photosynthesis. Living matter is largely made of biomolecules consisting 
of water and complex polymers of amino acids, lipids, nucleotides and 
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carbohydrates. Carbohydrates are most special of them in that they remain 
associated with the three other polymers mentioned. Carbohydrates are linked 
with amino acid polymers (proteins) forming glycoproteins and with lipids as 
glycolipids. Carbohydrates are present in DNA and RNA, which are essentially 
polymers of D-ribose-phosphate and 2-deoxy-D-ribose phosphate to which 
purines and pyrimidines bases are attached at the C-1 reducing position. 
Carbohydrates are a widely diverse group of compounds that are ubiquitous in 
nature. More than 75% of the dry weight of the plant world is carbohydrate in 
nature - particularly cellulose, hemicellulose and lignin. 
 
Carbohydrates comprise a comprehensive group of naturally occurring 
substances, which include innumerable sugars and sugar derivatives, as well as 
high-molecular weight carbohydrates (polysaccharides) like starch and cellulose 
in plants and glycogen in animals. A polysaccharide molecule is composed of a 
large number of sugar or sugar-like units. Carbohydrates are of great importance 
in biology. The unique reaction, which makes life possible on Earth, namely the 
assimilation of the green plants, produces sugar, from which originate, not only 
all carbohydrates but, indirectly, also all other components of living organisms. 
The important role of carbohydrates, generally, in the metabolism of living 
organisms, is well known. The biological breakdown of carbohydrates (often 
spoken of as "combustion") supplies the principal part of the energy that every 
organism needs for various vital processes. It is not surprising; therefore, that the 
carbohydrates and their metabolism have been the subject of comprehensive and 
in many respects successful biochemical and medical research for a long time. 
This chapter is created in view of giving an idea about sugars (monosaccharides 
to polysaccharides; their derivatives, their important reactions, structures, function 
and biological importance. Efforts have made to explain the chemistry and 
organization of biomolecules in terms of stereioisomerism, optical isomerism, and 
anomeric forms mutarotations etc. Information about polysaccharides in plants 
and living organisms, blood sugars and rare sugars is also included. 
 

4.2.2 Definition  
 
Carbohydrates are polyhydroxylated aldehydes or ketones and their derivatives. 
The word "carbohydrate" includes polymers and other compounds synthesized 
from polyhydroxylated aldehydes and ketones. They can be synthesized in the 
laboratory or in living cells. Simple carbohydrates or the entire carbohydrate 
family may also be called saccharides. In general carbohydrates have the 
empirical formula (CH2O)n in figure 4.1.  
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Fig: 4.1 Carbohydrates 

 
They originate as products of photosynthesis, an endothermic reductive 
condensation of carbon dioxide requiring light energy and the pigment 
chlorophyll.  
 

nCO2 + nH2O + energy --------->  CnH2nOn + nO2 
 
Typical carbohydrates are composed of strings or chains of monosaccharides - 
that is, chains of individual sugars. 
 

4.2.3 Importance of Carbohydrates  
 
Carbohydrates are of great importance in biology. The unique reaction, which 
makes life possible on the Earth, namely the assimilation of the green plants, 
produces sugar, from which originate, not only all carbohydrates but, directly or 
indirectly, all other components of living organisms. The carbohydrates are a 
major source of metabolic energy, both for plants and for animals that depend on 
plants for food. Aside from the sugars and starch that meet this vital nutritional 
role, carbohydrates also serve as a structural material (cellulose), a component of 
the energy transport compound ATP, recognition sites on cell surfaces, and one of 
three essential components of DNA and RNA. Importance can be considered 
under following headings; 
 

4.2.3.1 Metabolic/Nutritional  
 
The important role of carbohydrates, generally, in the metabolism of living 
organisms, is well known. The biological breakdown of carbohydrates (often 
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spoken of as "combustion") supplies the principal part of the energy that every 
organism needs for various processes. 4 Carbohydrates and their metabolism has 
been the subject of biochemical and medical research for a long time. 
 

4.2.3.2 Metabolic/Nutritional  
 
The important role of carbohydrates, generally, in the metabolism of living 
organisms, is well known. The biological breakdown of carbohydrates (often 
spoken of as "combustion") supplies the principal part of the energy that every 
organism needs for various processes. 4 Carbohydrates and their metabolism has 
been the subject of biochemical and medical research for a long time. 
 

4.2.3.3 Communication  
 
Glycosaminoglycans as polymers of derivatives of carbohydrates are of critical 
importance in intercellular communication in organisms. 
 
4.2.3.4 Biosynthesis of Other Compounds  
 
Carbohydates are source of carbon for biosynthesis of other compounds. Most 
people know that the body uses carbohydrates for energy. For example, the simple 
carbohydrate glucose (dextrose) gets oxidized by liver cells. In exchange, the cells 
produce adenosine triphosphate (ATP), the main energy-providing compound in 
the cell. However, carbohydrates are used in a number of ways by plants, animals 
and bacteria, not just for energy. 

 

4.2.4 Classification  
Carbohydrates are called saccharides or, if they are relatively small, sugars. 
Classifications of Carbohydrates is given in table 4.1 

Table 4.1 Classification of Carbohydrates 
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1. Monosaccharides  
The simplest and smallest unit of the carbohydrates is the monosaccharide, 
(mono = one, saccharide = sugar) from which disaccharides, oligosaccharides, 
and polysaccharides are constructed. 

Fig: 4.2 Monosaccharides 
 
2.  Disaccharides           
 A disaccharide consists of two monosaccharides joined by an O-glycosidic 

bond. Disaccharides can be homo- and heterodisaccharide. Three most 
abundant disaccharides are sucrose, lactose, and maltose. In sucrose the 
anomeric carbon atoms of a glucose unit and a fructose unit are joined. 
Lactose, the disaccharide of milk, consists of galactose joined to glucose by 
a β (1→4) glycosidiclinkage. In maltose, α (1→4) glycosidic linkage joins 
two glucose units. Sucrose and lactose are heterosaccharides and maltose is 
homosaccharide.  

 
2. Oligosaccharide  
 An oligosaccharide is a saccharide polymer containing a small number 

(typically three to ten) of component sugars, and is also known as simple 
sugars. They are generally found either O- or N-linked to compatible amino 
acid side chains in proteins or to lipid moieties. They (homo-and hetero-
oligosaccharides) are also liberated as intermediate products of 
saccharification by action of glycosidases on polysaccharides.  

 

3. Polysaccharides  
 Polysaccharides are relatively complex carbohydrates. They are polymers 

made up of many monosaccharides joined together by glycosidic bonds. 
They are, therefore, very large, often branched, macromolecules. They tend 
to be amorphous, insoluble in water, and have no sweet taste. When all the 
monosaccharides in a polysaccharide are of the same type, the 
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polysaccharide is called a homopolysaccharide and when more than one 
type of monosaccharide is present, they are called heteropolysaccharides. 
Examples include storage polysaccharides such as starch and glycogen and 
structural polysaccharides such as cellulose, and chitin. Xylan a 
hemicellulose is a heteropolysaccharide. Polysaccharides have a general 
formula of Cn(H2O)n-1 where n can be any number between 200 and 2500. 
Considering that the repeating units in the polymer backbone are often six-
carbon monosaccharides, the general formula can also be represented as 
(C6H10O5)n where n={40...3000}. 

 

SELF ASSESSMENT QUESTIONS 
Q.1  Select the correct answer from the given options 
i. The general formula of carbohydrates is: 
 A.  (CH2 O)n 
 B CH2 O)2n 
 C.  CH O)n 
 D.  CnH2 O)n 
 
ii.  Which of the following is an aldotriose? 

A. Dihydroxyacetone 
B. Glyceraldehyde 
C. Ribulose 
D. Erythrose 

 
iii.  The only carbohydrate having no chiral carbon atom is 

A. Glyceraldehyde 
B. Xylose 
C. Dihydroxyacetone 
D. Erythrose 

 
iv. A pemtose sugar reported to be present in heart cells  

A. Xylose 
B. Arabinose 
C.  Ribose 
D.  Hexose 
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Q.2.  Fill in the blanks with suitable words 
 i.  More than …………... of the dry weight of the plant world is 

carbohydrate in nature 
 ii.  …………... as polymers of derivatives of carbohydrates are of critical 

importance in intercellular communication in organisms. 
 iii.  Oligisaccaharides  are also known as …………...sugars. 
 iv.  Xylan a hemicellulose is a …………... 
 
Q.3  Give short answers 
 i.  Classify carbohydrates and give examples. 
 ii. Write importance of carbohydrates in our daily life. 
 iii. Write sources of carbohydrates. 
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4.4 LIPIDS 
 
4.3.1 Introduction  
 
Lipids are biological molecules characterized by limited solubility in water and 
solubility in non-polar organic solvents. Their intermolecular interactions are 
dominated by the hydrophobic effect and van der Waals interactions. Many lipids 
are, however, amphipathic molecules, which interact with other molecules and 
with aqueous solvents via hydrogen bonding and electrostatic interactions. 
 
4.3.2 Lipids  
 
Lipids are organic compounds that contain hydrocarbons which are the 
foundation for the structure and function of living cells. Lipids are non-polar so 
they are soluble in nonpolar environments thus not being water soluble because 
water is polar.  

 
Fig: 4.3: Fatty acids 

 

 
 
4.3.3 Structure of Lipids 
 
There is a huge variety of different lipids and the chemical structure varies 
between each of them. Because of this it is difficult to outline a general structure 
of a lipid. All lipids do however contain at least one hydrocarbon chain (i.e. a 
chain of carbon and hydrogen atoms) with an acidic end. 
 
Hydrocarbon chains are insoluble in water. The vast majority of lipids have long 
hydrocarbon chains which are why they are hydrophobic molecules i.e. they don’t 
dissolve in water. 
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4.3.4 Fatty Acids  
 
Fatty acids consist of a long carbon chain (also called an acyl chain) with a 
carboxylic acid at one end. The vast majority of fatty acids are unbranched linear 
molecules. The carboxylic acid is ionized at physiological pH (the carboxyl group 
is deprotonated and therefore negatively charged).  
 
Fatty acids in most biological systems are synthesized by serial addition of 
twocarbon units. As a result, fatty acids usually contain an even number of 
carbons, especially in animals, which synthesize even-chain fatty acids almost 
exclusively. Biological fatty acids usually contain 14 to 20 carbons, although 
small amounts of 22 and 24 carbon compounds are found in some tissues. The 
fatty acid acyl chain has a tendency to adopt an extended structure, because this 
results in the least steric hindrance; however, the chain is very flexible, and will 
adopt a large variety of conformations. The reason for this flexibility is that each 
carbon-carbon bond can (more or less) freely rotate, and all fatty acids have many 
carbon-carbon bonds. 
 
4.3.5 Saturated Fat and Unsaturated Fat  
 
Many fatty acids contain double bonds. Fatty acids that do not contain 
carboncarbon double bonds are considered to be saturated. When producing 
unsaturated fatty acids, the biosynthetic machinery incorporates nearly 
exclusively cis configuration double bonds. Some food products, such as 
margarine, may contain trans double bonds because of manipulations during food 
processing; some evidence suggests that fatty acids containing trans double bond 
cannot be metabolized properly, and that food products without trans fatty acids 
are therefore healthier. Monounsaturated fatty acids contain a single double bond, 
while polyunsaturated fatty acids contain more than one site of unsaturation. The 
cis bond causes a kink in the fatty acid acyl chain (recall that, unlike single bonds, 
double bonds do not allow free rotation). 
 
4.3.6 Fats and Oils  
 
Triacylglycerols are the products of a reaction in which three OH groups of 
glycerol are esterfied with fatty acids. “A simple triacylglycerol is a 
triacylglycerol with three of the same fatty acid components. A mixed 
triacylglycerol is a triacylglycerol that contains two or three different fatty acid 
components and are more common than simple triacylglycerols” (Bruice, Pg. 
1078). Fat is the name given to a class of triglycerides that appear as solid or 
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semisolid at room temperature, fats are mainly present in animals. Oil is the name 
given to class triglycerides that appear as a liquid at room temperature, oils are 
mainly present in plants and sometimes in fish. - The fact that saturated fatty acid 
tails can bunch up closely together, its allows the triacylglycerols relatively high 
melting points, which in turn allows them to appear as solids at room temperature. 
- The opposite goes for unsaturated fatty acids, their tails cannot pack as closely 
together so in turn they have relatively low melting points which causes them to 
appear as liquids at room temperature. - Fats usually consist of saturated fatty 
acids while oils usually consist of A fat molecule will hold far more energy than a 
carbohydrate molecule of the same weight. For mobile animals carrying extra 
weight is not ideal so storing energy in lightweight molecules is beneficial. Fats 
are stored in tissue known as ‘adipose tissue’ and in cells known as ‘adipose 
cells’unsaturated fatty acids. 
 
Fats are a common and well-known form of lipids. They are made by bonding 
fatty acids to an alcohol. 
 
The most common fat is a triacylglycerol. A triacylglycerol is a fat made from 
three fatty acids bonded to an alcohol called ‘glycerol’. Glycerol is a three carbon 
alcohol and each of the carbons bond to one fatty acid. 
 
The structure of the fatty acids of a fat determine if a fat is saturated or 
unsaturated. Double bonds in one or more alkyl chains of the fatty acids create an 
unsaturated fat. A fat molecule with no double bonds in any of its alkyl chains is 
known as a saturated fat. 
 
A double bond creates a bend in an alkyl chain. This reduces how tightly fat 
molecules can be packed together. Loosely packed fats have lower melting points 
which is why unsaturated fats, such as vegetable oils, are commonly liquid at 
room temperature. Saturated fats on the other hand have higher melting points and 
are more likely to be found as solids at room temperature. 
 
The main function of a fat is to store energy. They are most common in animals 
because they contain a very large amount of energy for their weight. 
. 
4.3.7 Phospholipids  
 
Membranes are chiefly made of phospholipids which are Phosphoacylgycerols. 
Triacylglycerols and phosphoaclyglycerols are similar however the terminal OH 
group of the phosphoaclyglycerol is esterfied with phosphoric acid instead of a 
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fatty acid which leads to the formation of phosphatidic acid. The name 
phospholipid comes from fact that phosphoaclyglycerols are lipids that contain a 
phosphate group. 

 

Figure 4.4: Phospholipid Compounds 
 

1. Phospholipids are less well-known than fats and oils but are essential to life 
on Earth. They are the molecules used to build the membranes found around 
and inside cells. Without a plasma membrane a cell would not be able to 
survive. 

2. A phospholipid is similar in structure to a triacylglycerol. It contains TWO 
fatty acids plus a phosphate group bonded to the three carbons of a glycerol 
molecule. The sole difference between a phospholipid and a fat is the 
replacement of one fatty acid with a phosphate group. 

3. A phosphate group has a negative charge so many other molecules can 
attach themselves to the phosphate group. This makes a large variety of 
different possible phospholipids. 

4. The combination of fatty acids and a phosphate group make phospholipids 
ideal for making cellular membranes. The phosphate group is soluble in 
water and is therefore attracted to water (hydrophilic). The fatty acids are 
insoluble in water and are hydrophobic. 

5. A phospholipid membrane contains two layers of phospholipids. In both 
layers the hydrophobic fatty acids point inwards towards each other. The 
phosphate groups face outwards towards the water based environments of 
the cell and the surrounding world. 

6. This phospholipid bilayer creates a barrier for substances moving in and out 
of a cell. If a substance wants to pass through the membrane it must be able 
to move through the hydrophilic barrier of phosphate groups and the 
hydrophobic barrier of fatty acids. Many substances can only move in and 
out of cells via membrane channels created by proteins. 
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4.3.8 Steroids 
 
The chemical messengers in our bodies are known as Hormones which are 
organic compounds synthesized in glands and delivered by the bloodstream to 
certain tissues in order to stimulate or inhibit a desired process. Steroids are a type 
of hormone which are usually recognized by their tetracyclic skeleton, consisting 
of three fused six-membered and one five-membered ring, as shown in the 
diagram below. The four rings are designated A, B, C & D as noted in blue, and 
the numbers in red represent the carbons.  
 
 
 
 
 
 
 

 
 
 
 
 
 

Fig: 4.5 Steroids Carbon Skeleton 
 

4.3.9 Why are Lipids important? 
 
Lipids are essential for all life on Earth. They play many important roles in 
maintaining the health of an organism. 
Arguably the most important function lipids perform is as the building blocks 
of cellular membranes. Other functions include energy storage, insulation, cellular 
communication and protection. 
 
4.3.9.1 Cell Membranes 
 
Cell membranes are made from a double layer of lipids known as ‘phospholipids’. 
The plasma membrane around a cell provides a barrier that separates the contents 
of a cell from the external world. It is responsible for controlling what substances 
enter and leave a cell. 
 
Organelles are specialized, membrane-bound structures found in the cells of 
animals, plants, fungi and protists. They perform particular tasks such as 
photosynthesis and respiration. 
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Organelles are the key feature of eukaryotic cells that have made plants, animals 
and fungi so efficient at using resources. Organelles would not exist if it weren’t 
for lipid based membranes. 
 
4.3.9.2. Energy Storage 

 
Lipids play an important role in storing energy. If an animal eats an excessive 
amount of energy it is able to store the energy for later use in fat molecules. 
 
Fat molecules can store a very high amount of energy for their size which is 
important for animals because of our mobile life styles. Plants on the other hand 
store energy less efficiently in carbohydrates because they don’t need to move. 
 
4.3.9.3. Insulation 

 
Fats are important for heat insulation. Marine mammals, such as seals, dolphins 
and whales, offer a perfect example of how fats can provide insulation. In order to 
prevent themselves from freezing to death in water, many marine mammals have 
a thick layer of fat called ‘blubber’ to keep them warm. 
 
Blubber covers their entire bodies apart from their fins and head and prevents 
water from cooling their internal body temperatures. The layer of blubber also 
makes their bodies extremely streamlined for moving through water. 
 
Fats also provide a protective layer around important organs in animals such as 
our liver and kidneys. 
 
4.3.9.4. Cell-cell communication 
 
Steroids are a group of lipids involved in cellular communication. A number of 
steroids are hormones and are important for many processes in the body including 
growth, sexual development, regulating metabolism and immune defense. 
 
 
SELF ASSESSMENT QUESTIONSS 
 
Q.1 Answer the following: 
 
1. Explain fatty acids. 
2. Differentiate between fats and oils. 
3. What are phospholipids? 
4. Write a note on steroids. 
5. Why lipids are important? 
6. Explain structure of fatty acids. 

 



 

4.4  PROTEINS 
 
4.4.1 Introduction 
 
Proteins are large, complex molecules that are critical for the normal functioning 
of the human body. They are essential for the structure, function, and regulation 
of the body’s tissues and organs. Proteins are made up of hundreds of smaller 
units called amino acids
forming a long chain. You can thi
bead is an amino acid. 
 
4.4.2 Amino Acid Structu
 
An amino acid contains both a carboxylic group and an amino group. Amino 
acids that have an amino group bonded directly to the alpha
as alpha amino acids. The simplest
shown below(Fig:4.6 ).  
 
Every alpha amino acid has a carbon atom, called an
to a carboxylic  

acid, COOH, group; an amino
that is unique for every amino acid. If you notice in the structure above,
chiral center, that is to say, this carbon atom is attached to four different groups. 
Chirality refers to a molecule that has optical activity, so amino acids are optically 
active molecules. The only exception is glycine, the simplest amino acid, in which 
R = H (Fig: 4.7). 
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Proteins are large, complex molecules that are critical for the normal functioning 
body. They are essential for the structure, function, and regulation 

of the body’s tissues and organs. Proteins are made up of hundreds of smaller 
amino acids that are attached to one another by peptide bonds, 

forming a long chain. You can think of a protein as a string of beads where each 

tructure and its Classification 

An amino acid contains both a carboxylic group and an amino group. Amino 
acids that have an amino group bonded directly to the alpha-carbon are referred to 

The simplest representation of an alpha amino acid is 

Every alpha amino acid has a carbon atom, called an alpha carbon, Cα; bonded 

 
Fig: 4.6. Alpha amino Structure 

 
amino, NH2, group; a hydrogen atom; and an R group 

that is unique for every amino acid. If you notice in the structure above,
chiral center, that is to say, this carbon atom is attached to four different groups. 

ers to a molecule that has optical activity, so amino acids are optically 
active molecules. The only exception is glycine, the simplest amino acid, in which 

Proteins are large, complex molecules that are critical for the normal functioning 
body. They are essential for the structure, function, and regulation 

of the body’s tissues and organs. Proteins are made up of hundreds of smaller 
that are attached to one another by peptide bonds, 

nk of a protein as a string of beads where each 

An amino acid contains both a carboxylic group and an amino group. Amino 
carbon are referred to 

representation of an alpha amino acid is 

Cα; bonded 

, group; a hydrogen atom; and an R group 
that is unique for every amino acid. If you notice in the structure above, Cα is a 
chiral center, that is to say, this carbon atom is attached to four different groups. 

ers to a molecule that has optical activity, so amino acids are optically 
active molecules. The only exception is glycine, the simplest amino acid, in which 



 

 

Fig: 4.7 Structure
 

 Commonly, amino acids are 
 

Figu: 
 

4.4.2.1:  L and D Amino A
 

 

Figure
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4.7 Structure of Amino Acid (Glycine) 

Commonly, amino acids are represented as follows (Figure 4.8): 

 
 

: 4.8: Amino Acids are representation 

L and D Amino Acids 

 

Figure 4.9: Amino Acids are representation 
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As shown above, L and D amino acids are mirror images of each other and are 
non-superimposable on each other, just like our left and right hands. By non-
superimposable, we mean that when the mirror image of the object is placed over 
the original object, they do not have a perfect overlap. Pairs of amino acids like 
these are called enantiomers. 
 
Only L-amino acids are constituents of proteins. Our body synthesizes most of its 
own L-amino acids; these then get incorporated into proteins. Proteins are 
catalysts for most of the biochemical reactions that take place in our body. Along 
with DNAand RNA proteins constitute the genetic machinery of living organisms. 
Proteins are often called the building blocks of life. 
 
4.4.3 Classification of Different Amino Acids 
 
There are 20 common amino acids. Based on the nature of the R group, they are 
classified as follows (Fig: 4.10): 
 

 
 

Figure 4.10: Types of Amino Acids 

 
4.4.4 How are Amino Acids joined together? 
 
Amino acids are joined together through peptide bonds. Peptide bonds are 
covalent bonds formed by the nucleophilic addition-elimination reaction between 
the carboxylic group of one amino acid and the amino group of another amino 
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acid; this reaction releases a molecule of water as the by product. A peptide bond 
is essentially an amide bond (Fig: 4.11). 
 

 

Fig: 4.11: Amino Acids joined together 
 

4.4.5 Different Levels of Protein Sstructure 
 
The four levels of protein structure are: primary structure, secondary structure, 
tertiary structure, and quaternary structure. This concept can get a bit confusing, 
so let’s try to understand it through a simple analogy. 
 
Can you imagine being able to write a paragraph if alphabets didn’t exist? In fact, 
we have to go through a hierarchy of complexity before we can even attempt to 
write a paragraph. The alphabet is needed to construct words; words are needed to 
construct sentences; and sentences are needed to construct a paragraph. Similarly, 
a fully functional protein is assembled through four levels of hierarchy as 
illustrated below. 

 
Fig: 4.12: Levels of Protein Structure 
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Primary structure simply refers to the linear sequence of amino acids joined to 
each other through peptide bonds. The sequence of amino acids determines the 
basic structure of the protein (Fig: 4.13). 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig: 4.13: Primary Structure 
 

α-helix: In an α helix, the amino acids get oriented in such a manner that the 
carbonylC=O, group of the nth amino acid can form a hydrogen bond with the 
amido, N-H, group of the (n+4)thleft parenthesis, n, plus, 4, right parenthesis, 
start superscript, t, h, end superscript amino acid. This results in a strong 
hydrogen bond that has optimum hydrogen to oxygen, H….O, distance of 2.8 Å. 
The hydrogen bonds between the amino acids stabilize the α-helix structure. The 
structure of a α helix is shown below (Fig: 4.14): 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Fig: 4.13: Alpha helix 



 

β-pleated Sheet: β sheets, however, hydrogen bonding occurs
neighboring polypeptide chains rather than within the same polypeptide, as in the 
case of an α helix. Sheets exist in two forms. The first, 
neighboring hydrogen-bonded polypeptide chains running in opposite 
directions—i.e., one polypeptide chain starts from the terminal carboxylic group 
and ends at the terminal amino group, left to right, while the other polypepti
chain starts from the terminal amino group and ends at the terminal carboxylic 
group, left to right. The second form, the
chains extending in the same direction. You can see the two forms in the cartoons 
below (Fig: 4.14). 
 

Tertiary structure: When several secondary structures come together, tertiary 
structures are formed. In tertiary structures, in addition to hydrogen bonding, 
amino acid side chains of the various secondary 
each other in a number of ways. These interactions include hydrophobic 
interactions, ionic interactions, and disulfide bonds.
 
Quaternary structure: When several tertiary structures come together, a 
quaternary protein structure is formed. For example, hemoglobin is a functional 
quaternary protein formed by the coming together of four tertiary structures, 
called globin proteins. The same forces of interactions operate in a quaternary 
structure as operate in a tertiary struct
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β sheets, however, hydrogen bonding occurs
neighboring polypeptide chains rather than within the same polypeptide, as in the 
case of an α helix. Sheets exist in two forms. The first, the antiparallel β sheet, has 

bonded polypeptide chains running in opposite 
i.e., one polypeptide chain starts from the terminal carboxylic group 

and ends at the terminal amino group, left to right, while the other polypepti
chain starts from the terminal amino group and ends at the terminal carboxylic 
group, left to right. The second form, the parallel β sheet, has hydrogen
chains extending in the same direction. You can see the two forms in the cartoons 

 
Fig:  4.15: β-pleated Sheet 

 
: When several secondary structures come together, tertiary 

structures are formed. In tertiary structures, in addition to hydrogen bonding, 
amino acid side chains of the various secondary structures start interacting with 
each other in a number of ways. These interactions include hydrophobic 
interactions, ionic interactions, and disulfide bonds. 

: When several tertiary structures come together, a 
cture is formed. For example, hemoglobin is a functional 

quaternary protein formed by the coming together of four tertiary structures, 
called globin proteins. The same forces of interactions operate in a quaternary 
structure as operate in a tertiary structure. 

  

β sheets, however, hydrogen bonding occurs between 
neighboring polypeptide chains rather than within the same polypeptide, as in the 

antiparallel β sheet, has 
bonded polypeptide chains running in opposite 

i.e., one polypeptide chain starts from the terminal carboxylic group 
and ends at the terminal amino group, left to right, while the other polypeptide 
chain starts from the terminal amino group and ends at the terminal carboxylic 

parallel β sheet, has hydrogen-bonded 
chains extending in the same direction. You can see the two forms in the cartoons 

 

: When several secondary structures come together, tertiary 
structures are formed. In tertiary structures, in addition to hydrogen bonding, 

structures start interacting with 
each other in a number of ways. These interactions include hydrophobic 

: When several tertiary structures come together, a 
cture is formed. For example, hemoglobin is a functional 

quaternary protein formed by the coming together of four tertiary structures, 
called globin proteins. The same forces of interactions operate in a quaternary 
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Forces that keep the different protein structures together: 
 

Level of protein 
structure 

Interactions that stabilize the structure 

Primary Covalent bond (amide/peptide bond) 
Secondary Hydrogen bonds 
Tertiary Ionic bonds, disulfide bonds, hydrophobic interactions, 

hydrogen bonding 
Quaternary Ionic bonds, disulfide bonds, hydrophobic interactions, 

hydrogen bonding 
 

In summary, the primary structure of a protein simply refers to the linear 
polypeptide with its amino acid sequence. The secondary structure is the folded 
version of the linear polypeptide stabilized by hydrogen bonding. The tertiary 
structure is formed by the coming together of several secondary structures that are 
held together by various types of interactions, and finally a quaternary structure is 
formed by the combination of several tertiary structures, again held together via 
different types of interactions. 
 

Self Assessment Questions 
 
Q.1 Answer the following: 
1. Write a note on structure of amino acids. 
2. Explain classification of amino acids. 
3. How amino acids are joined together. 
4. Explain different levels of proteins. 
5. Write a note on alpha helix. 
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4.5  NUCLEIC ACIDS 
 
4.5.1 Introduction 
 
Nucleic acids and DNA in particular, are key macromolecules for the continuity 
of life. DNA bears the hereditary information that’s passed on from parents to 
children, providing instructions for how (and when) to make the many proteins 
needed to build and maintain functioning cells, tissues, and organisms. 
 
How DNA carries this information, and how it is put into action by cells and 
organisms, is complex, fascinating, and fairly mind-blowing, and we’ll explore it 
in more detail in the section on molecular biology. Here, we’ll just take a quick 
look at nucleic acids from the macromolecule perspective. 
 
4.5.2 Roles of DNA and RNA in Cells 
 
Nucleic acids, macromolecules made out of units called nucleotides, come in two 
naturally occurring varieties: deoxyribonucleic acid (DNA) and ribonucleic 
acid (RNA). DNA is the genetic material found in living organisms, all the way 
from single-celled bacteria to multicellular mammals like you and me. 
Some viruses use RNA, not DNA, as their genetic material, but aren’t technically 
considered to be alive (since they cannot reproduce without help from a host). 
 
4.5.3 DNA in Cells 
 
In eukaryotes, such as plants and animals, DNA is found in the nucleus, a 
specialized, membrane-bound vault in the cell, as well as in certain other types 
of organelles (such as mitochondria and the chloroplasts of plants). In 
prokaryotes, such as bacteria, the DNA is not enclosed in a membranous 
envelope, although it's located in a specialized cell region called the nucleoid. 
 
In eukaryotes, DNA is typically broken up into a number of very long, linear 
pieces called chromosomes, while in prokaryotes such as bacteria, chromosomes 
are much smaller and often circular (ring-shaped). A chromosome may contain 
tens of thousands of genes, each providing instructions on how to make a 
particular product needed by the cell. 
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4.5.4 From DNA to RNA to Proteins 
 
Many genes encode protein products, meaning that they specify the sequence of 
amino acids used to build a particular protein. Before this information can be used 
for protein synthesis, however, an RNA copy (transcript) of the gene must first be 
made. This type of RNA is called a messenger RNA (mRNA), as it serves as a 
messenger between DNA and the ribosomes, molecular machines that read 
mRNA sequences and use them to build proteins. This progression from DNA to 
RNA to protein is called the “central dogma” of molecular biology. 
 
Importantly, not all genes encode protein products. For instance, some genes 
specify ribosomal RNAs (rRNAs), which serve as structural components of 
ribosomes, or transfer RNAs (tRNAs), cloverleaf-shaped RNA molecules that 
bring amino acids to the ribosome for protein synthesis. Still other RNA 
molecules, such as tiny microRNAs (miRNAs), act as regulators of other genes, 
and new types of non-protein-coding RNAs are being discovered all the time. 
 
4.5.5 Nucleotides 
 
DNA and RNA are polymers (in the case of DNA, often very long polymers), and 
are made up of monomers known as nucleotides. When these monomers 
combine, the resulting chain is called a polynucleotide (poly- = "many"). 
 
Each nucleotide is made up of three parts: a nitrogen-containing ring structure 
called a nitrogenous base, a five-carbon sugar, and at least one phosphate group. 
The sugar molecule has a central position in the nucleotide, with the base attached 
to one of its carbons and the phosphate group (or groups) attached to another. 
Let’s look at each part of a nucleotide in turn (Figure 5.1 ).   
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Fig: 5.1: Structure of Nucleotides 

 
4.5.6 Nitrogenous Bases 
 
The nitrogenous bases of nucleotides are organic (carbon-based) molecules made 
up of nitrogen-containing ring structures.  
 
Each nucleotide in DNA contains one of four possible nitrogenous bases: adenine 
(A), guanine (G) cytosine (C), and thymine (T). Adenine and guanine are purines, 
meaning that their structures contain two fused carbon-nitrogen rings. Cytosine 
and thymine, in contrast, are pyrimidines and have a single carbon-nitrogen ring. 
RNA nucleotides may also bear adenine, guanine and cytosine bases, but instead 
of thymine they have another pyrimidine base called uracil (U). As shown in the 
figure above, each base has a unique structure, with its own set of functional 
groups attached to the ring structure. 
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In molecular biology shorthand, the nitrogenous bases are often just referred to by 
their one-letter symbols, A, T, G, C, and U. DNA contains A, T, G, and C, while 
RNA contains A, U, G, and C (that is, U is swapped in for T). 
 
Sugars: In addition to having slightly different sets of bases, DNA and RNA 
nucleotides also have slightly different sugars. The five-carbon sugar in DNA is 
called deoxyribose, while in RNA, the sugar is ribose. These two are very similar 
in structure, with just one difference: the second carbon of ribose bears a hydroxyl 
group, while the equivalent carbon of deoxyribose has a hydrogen instead. The 
carbon atoms of a nucleotide’s sugar molecule are numbered as 1′, 2′, 3′, 4′, and 5′ 
(1′ is read as “one prime”), as shown in the figure above. In a nucleotide, the 
sugar occupies a central position, with the base attached to its 1′ carbon and the 
phosphate group (or groups) attached to its 5′ carbon. 
 
Phosphate: Nucleotides may have a single phosphate group, or a chain of up to 
three phosphate groups, attached to the 5’ carbon of the sugar. Some chemistry 
sources use the term “nucleotide” only for the single-phosphate case, but in 
molecular biology, the broader definition is generally accepted^11start 
superscript, 1, end superscript. 
 
In a cell, a nucleotide about to be added to the end of a polynucleotide chain will 
bear a series of three phosphate groups. When the nucleotide joins the growing 
DNA or RNA chain, it loses two phosphate groups. So, in a chain of DNA or 
RNA, each nucleotide has just one phosphate group. 
 
Polynucleotide chains: A consequence of the structure of nucleotides is that a 
polynucleotide chain has directionality – that is, it has two ends that are different 
from each other. At the 5’ end, or beginning, of the chain, the 5’ phosphate group 
of the first nucleotide in the chain sticks out. At the other end, called the 3’ end, 
the 3’ hydroxyl of the last nucleotide added to the chain is exposed. DNA 
sequences are usually written in the 5' to 3' direction, meaning that the nucleotide 
at the 5' end comes first and the nucleotide at the 3' end comes last. 
 
As new nucleotides are added to a strand of DNA or RNA, the strand grows at its 
3’ end, with the 5′ phosphate of an incoming nucleotide attaching to the hydroxyl 
group at the 3’ end of the chain. This makes a chain with each sugar joined to its 
neighbors by a set of bonds called a phosphodiester linkage. 
 
Properties of DNA: Deoxyribonucleic acid, or DNA, chains are typically found in 
a double helix, a structure in which two matching (complementary) chains are 
stuck together, as shown in the diagram at left. The sugars and phosphates lie on 
the outside of the helix, forming the backbone of the DNA; this portion of the 
molecule is sometimes called the sugar-phosphate backbone. The nitrogenous 



 

bases extend into the interior, like the steps of a staircase, in pairs; the bases of a 
pair are bound to each other by hydrogen bonds.
 
The two strands of the helix run in opposite directions, meaning that the 5
one strand is paired up with the 3
as antiparallel orientation and is important for the copying of DNA.)
 
So, can any two bases decide t
The answer is a definite no. Because of the sizes and functional groups of the 
bases, base pairing is highly specific: A can only pair with T, and G can only pair 
with C, as shown below. This means that t
have a very predictable relationship to each other.
 
For instance, if you know that the sequence of one strand is 5’
the complementary strand must have the sequence 3’
allows each base to match up with its partner
 

Fig:  5.2 
 
When two DNA sequences match in this way, such that they can stick to each 
other in an antiparallel fashion and form a helix, they are said to 
be complementary (Figure 

Figure 
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bases extend into the interior, like the steps of a staircase, in pairs; the bases of a 
pair are bound to each other by hydrogen bonds. 

s of the helix run in opposite directions, meaning that the 5
one strand is paired up with the 3′ end of its matching strand. (This is referred to 

orientation and is important for the copying of DNA.) 

So, can any two bases decide to get together and form a pair in the double helix? 
The answer is a definite no. Because of the sizes and functional groups of the 
bases, base pairing is highly specific: A can only pair with T, and G can only pair 
with C, as shown below. This means that the two strands of a DNA double helix 
have a very predictable relationship to each other. 

For instance, if you know that the sequence of one strand is 5’-AATTGGCC
the complementary strand must have the sequence 3’-TTAACCGG

match up with its partner (Figure 5.2): 

 
Fig:  5.2 : Sequence of two strands 

When two DNA sequences match in this way, such that they can stick to each 
other in an antiparallel fashion and form a helix, they are said to 

Figure 5.3). 

Figure 5.3: Complementarity of DNA 
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TTAACCGG-5’. This 

 

When two DNA sequences match in this way, such that they can stick to each 
other in an antiparallel fashion and form a helix, they are said to 



 

4.5.7 Properties of RNA
 
Ribonucleic acid (RNA), unlike DNA, is usually single
an RNA chain will contain ribose (the five
nitrogenous bases (A, U, G, or C), and a
at four major types of RNA: messenger RNA (mRNA), ribosomal RNA (rRNA), 
transfer RNA (tRNA), and regulatory RNAs
 
4.5.8 Messenger RNA (mRNA)
 
Messenger RNA (mRNA) is an intermediate between a protein
its protein product. If a cell needs to make a particular protein, the gene encoding 
the protein will be turned “on,” meaning an RNA
and make an RNA copy, or transcript, of the gene’s DNA sequence. The 
transcript carries the same information as the DNA sequence of its gene. 
However, in the RNA molecule, the base T is replaced with U. For instance, if a 
DNA coding strand has the sequence 5’
corresponding RNA will be 5’
 
Once an mRNA has been produced, it will associate with a ribosome, a molecular 
machine that specializes in assembling proteins out of amino acids. The ribosome 
uses the information in the mRNA to make a protein of a specific sequence, 
“reading out” the mRNA’s nucleo
adding a particular amino acid for each codon (Figure 
 

Fig: 5.4:
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.7 Properties of RNA 

Ribonucleic acid (RNA), unlike DNA, is usually single-stranded. A nucleotide in 
an RNA chain will contain ribose (the five-carbon sugar), one of the four 
nitrogenous bases (A, U, G, or C), and a phosphate group. Here, we'll take a look 
at four major types of RNA: messenger RNA (mRNA), ribosomal RNA (rRNA), 
transfer RNA (tRNA), and regulatory RNAs. 

.8 Messenger RNA (mRNA) 

(mRNA) is an intermediate between a protein-coding gene a
its protein product. If a cell needs to make a particular protein, the gene encoding 
the protein will be turned “on,” meaning an RNA-polymerizing enzyme will come 
and make an RNA copy, or transcript, of the gene’s DNA sequence. The 

e same information as the DNA sequence of its gene. 
However, in the RNA molecule, the base T is replaced with U. For instance, if a 
DNA coding strand has the sequence 5’-AATTGCGC-3’, the sequence of the 
corresponding RNA will be 5’-AAUUGCGC-3’. 

NA has been produced, it will associate with a ribosome, a molecular 
machine that specializes in assembling proteins out of amino acids. The ribosome 
uses the information in the mRNA to make a protein of a specific sequence, 
“reading out” the mRNA’s nucleotides in groups of three (called codons) and 
adding a particular amino acid for each codon (Figure 5.4). 

 
5.4: Association of mRNA with Ribosomes 
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Image of a ribosome (made of proteins and rRNA) bound to an mRNA, with 
tRNAs bringing amino acids to 
binds, and thus the amino acid that's added, at a given moment is determined by 
the sequence of the mRNA that is being "read" at that time.
 
4.5.9 Ribosomal RNA (rRNA) 
 
Ribosomal RNA (rRNA) is a major component
mRNA bind in the right spot so its sequence information can be read out. Some 
rRNAs also act as enzymes, meaning that they help accelerate (catalyze) chemical 
reactions – in this case, the formation of bonds that link amino ac
protein. RNAs that act as enzymes are known as
4.5.10 Transfer RNA (tRNA)
 
Transfer RNAs (tRNAs) are also involved in protein synthesis, but their job is to 
act as carriers – to bring amino acids to the ribosome, ensuring that th
added to the chain is the one specified by the mRNA. Transfer RNAs consist of a 
single strand of RNA, but this strand has 
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Image of a ribosome (made of proteins and rRNA) bound to an mRNA, with 
tRNAs bringing amino acids to be added to the growing chain. The tRNA that 
binds, and thus the amino acid that's added, at a given moment is determined by 
the sequence of the mRNA that is being "read" at that time. 

.9 Ribosomal RNA (rRNA)  

(rRNA) is a major component of ribosomes, where it helps 
mRNA bind in the right spot so its sequence information can be read out. Some 
rRNAs also act as enzymes, meaning that they help accelerate (catalyze) chemical 

in this case, the formation of bonds that link amino acids to form a 
protein. RNAs that act as enzymes are known as ribozymes. 

.10 Transfer RNA (tRNA)  

(tRNAs) are also involved in protein synthesis, but their job is to 
to bring amino acids to the ribosome, ensuring that the amino acid 

added to the chain is the one specified by the mRNA. Transfer RNAs consist of a 
single strand of RNA, but this strand has  

Figure 5.6: tRNA 

Image of a ribosome (made of proteins and rRNA) bound to an mRNA, with 
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complementary segments that stick together to make double-stranded regions. 
This base-pairing creates a complex 3D structure important to the function of the 
molecule (Figure 4.4.10). 
 

These are just some examples out of many types of noncoding and regulatory 
RNAs. Scientists are still discovering new varieties of noncoding RNA. 

 
Summary 
1. Hydrophobic amino acids have nonpolar side chains, such as alkyl groups or 

aromatic groups. 
2. Hydrophilic—neutral—amino acids contain polar side chains, such as 

hydroxyl-OHnegative, O, H, and sulfhydryl,  -SH negative, S, H, groups. 
3. Hydrophilic—acidic—amino acids have side chains that contain carboxylic 

acid, -COOH negative, C, O, O, H, groups. 
4. Hydrophilic—basic—amino acids have side chains that contain amine, -

NH2negative, N, H, start subscript, 2, end subscript, groups. 
5. Features of DNA and RNA 

 
 DNA RNA 
Function Repository of 

genetic information 
Involved in protein synthesis and gene 
regulation; carrier of genetic information in 
some viruses 

Sugar Deoxyribose Ribose 
Structure Double helix Usually single-stranded 
Bases C, T, A, G C, U, A, G 

 

SELF ASSESSMENT QUESTIONS 

 
Q.1 Answer the following: 
1. What are nucleic acids? 
2. Explain difference between DNA and RNA. 
3. What are nucleotides? 
4. Explain structure of DNA. 
5. Write a note on RNA. 
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INTRODUCTION 
 
Physio-chemical nature of cell membrane and ultra structure of plant cell is the 
fifth unit of this book. In this unit ultra structure of plant cell incliding all 
organelles in the cytoplasm and other bodies are discussed. Cell is the basic 
structural and functional unit of all plants and animals. 
 
Close your eyes and picture a brick wall. What is the basic building block of that 
wall? A single brick, of course. Like a brick wall, your body is composed of basic 
building blocks, and the building blocks of your body are cells. 
 
Fortunately, your cells are way more interesting than bricks. (Just as you, 
undoubtedly, are much more interesting than a brick wall!) Bricks are generally 
square-shaped, like all other bricks, while cells can have many shapes—round, 
square, spindle-shaped, and star-like. Bricks generally stay put, while many types 
of cells will happily migrate from one place to another. And if you slice a brick in 
half, you just find more brick, while if you slice a cell in half—which is a good 
trick, given how tiny they are—you’ll find an intricate and beautiful array of 
specialized structures that help the cell perform its function. Yes, cells are 
building blocks, but they’re the most amazing building blocks in the world. 
 
All parts are equiped with illustrations and self assessment exercises are added 
after a section. It is hoped that this unit will prove itself as self explanatory.  
 

OBJECTIVES 
 
After completion of this unit, you will be able to: 
 understand physio-chemical nature of plant cell. 
 draw diagrams of different organelles and label them. 
 define all the conceptual terminologies related to this unit. 
 describe the plant cell. 
 discuss structure and functions of Chromosomes. 
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5.1  PHYSICOCHEMICAL NATURE OF PLASMA MEMBRANE 
 
Each cell of your body is encased in a tiny bubble of membrane. This membrane 
has about the consistency of...salad oil. The first time I read that factoid, I didn't 
find it very reassuring! Salad oil seems like an awfully fragile boundary to place 
between a cell and the rest of the world. Luckily, the plasma membrane turns out 
to be very well-suited to its job, salad oil texture and all. 
 
What exactly is its job? The plasma membrane not only defines the borders of the 
cell, but also allows the cell to interact with its environment in a controlled way. 
Cells must be able to exclude, take in, and excrete various substances, all in 
specific amounts. In addition, they must able to communicate with other cells, 
identifying themselves and sharing information. 
 
To perform these roles, the plasma membrane needs lipids, which make a semi-
permeable barrier between the cell and its environment. It also needs proteins, 
which are involved in cross-membrane transport and cell communication, and 
carbohydrates (sugars and sugar chains), which decorate both the proteins and 
lipids and help cells recognize each other. 
 
Here, we’ll take a closer look at the different components of the plasma 
membrane, examining their roles, their diversity, and how they work together to 
make a flexible, sensitive, and secure boundary around the cell. 
 

5.1.1 Fluid Mosaic Model 
 
The currently accepted model for the structure of the plasma membrane, called 
the fluid mosaic model, was first proposed in 1972. This model has evolved over 
time, but it still provides a good basic description of the structure and behavior of 
membranes in many cells. 
 
According to the fluid mosaic model, the plasma membrane is a mosaic of 
components—primarily, phospholipids, cholesterol, and proteins—that move 
freely and fluidly in the plane of the membrane. In other words, a diagram of the 
membrane (Figure 5.1) is just a snapshot of a dynamic process in which 
phospholipids and proteins are continually sliding past one another. 
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Fig: 5.1 Fluid Mosaic Model 
 
Interestingly enough, this fluidity means that if you insert a very fine needle into a 
cell, the membrane will simply part to flow around the needle; once the needle is 
removed, the membrane will flow back together seamlessly. 
 
The principal components of the plasma membrane are lipids (phospholipids and 
cholesterol), proteins, and carbohydrate groups that are attached to some of the 
lipids and proteins. 

1. A phospholipid is a lipid made of glycerol, two fatty acid tails, and a 
phosphate-linked head group. Biological membranes usually involve two 
layers of phospholipids with their tails pointing inward, an arrangement 
called a phospholipid bilayer. 

2. Cholesterol, another lipid composed of four fused carbon rings, is found 
alongside phospholipids in the core of the membrane. 

3. Membrane proteins may extend partway into the plasma membrane, cross 
the membrane entirely, or be loosely attached to its inside or outside face. 

4. Carbohydrate groups are present only on the outer surface of the plasma 
membrane and are attached to proteins, forming glycoproteins, or lipids, 
forming glycolipids. 

 

Self Assessment Questions 
Q.1  Describe functions of plasma membrane. 
Q.2 Illustrate structure of plasma membrane. 

Q.3 Write different dynamics of Fluid Moasic model of plasma membrane. 
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5.1.2 Physico-Chemical Nature of Cytoplasm  
 
The part of the cell referred to as cytoplasm is slightly different in eukaryotes and 
prokaryotes. In eukaryotic cells, which have a nucleus, the cytoplasm is 
everything between the plasma membrane and the nuclear envelope. In 
prokaryotes, which lack a nucleus, cytoplasm simply means everything found 
inside the plasma membrane. 

 
One major component of the cytoplasm in both prokaryotes and eukaryotes is the 
gel-like cytosol, a water-based solution that contains ions, small molecules, and 
macromolecules. In eukaryotes, the cytoplasm also includes membrane-bound 
organelles, which are suspended in the cytosol. The cytoskeleton, a network of 
fibers that supports the cell and gives it shape, is also part of the cytoplasm and 
helps to organize cellular components. 
 
Even though the cytosol is mostly water, it has a semi-solid, Jello-like consistency 
because of the many proteins suspended in it. The cytosol contains a rich broth of 
macromolecules and smaller organic molecules, including glucose and other 
simple sugars, polysaccharides, amino acids, nucleic acids, and fatty acids. Ions of 
sodium, potassium, calcium, and other elements are also found in the cytosol. 
Many metabolic reactions, including protein synthesis, take place in this part of 
the cell. 
 

5.2 ULTRA STRUCTURE OF PLANT CELL 
 
5.2.1 The cell wall 
 
Though plants don't make collagen, they have their own type of supportive 
extracellular structure: the cell wall. The cell wall is a rigid covering that 
surrounds the cell, protecting it and giving it support and shape. Have you ever 
noticed that when you bite into a raw vegetable, like celery, it crunches? A big 
part of that crunch is the rigidity of celery’s cell walls. 
 
Fungi also have cell walls, as do some protists (a group of mostly unicellular 
eukaryotes) and most prokaryotes—though I don't recommend biting into any of 
those to see if they crunch! 
 
Like the animal extracellular matrix, the plant cell wall is made up of molecules 
secreted by the cell. The major organic molecule of the plant cell wall is cellulose, 
a polysaccharide composed of glucose units. Cellulose assembles into fibers 
called microfibrils, as shown in the diagram below. (Figure 5.2) 
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Most plant cell walls contain a variety of different polysaccharides and proteins. 
In addition to cellulose, other polysaccharides commonly found in the plant cell 
wall include hemicellulose and pectin, shown in the diagram above. The middle 
lamella, shown along the top of the diagram, is a sticky layer that helps hold the 
cell walls of adjacent plant cells together. 

  
Figure 5.2 The Cell Wall 

 
5.2.2 The Endoplasmic Reticulum 
 
The endoplasmic reticulum (ER) plays a key role in the modification of proteins 
and the synthesis of lipids. It consists of a network of membranous tubules and 
flattened sacs. The discs and tubules of the ER are hollow, and the space inside is 
called the lumen (Figure 5.3).  
 
 
 
 
 
 

 

Fig: 5.3 The Endoplasmic Reticulum System 
 
5.2.2.1 Rough ER 
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The rough endoplasmic reticulum (rough ER) gets its name from the bumpy 
ribosomes attached to its cytoplasmic surface. As these ribosomes make proteins, 
they feed the newly forming protein chains into the lumen. Some are transferred 
fully into the ER and float inside, while others are anchored in the membrane. 
 
Inside the ER, the proteins fold and undergo modifications, such as the addition of 
carbohydrate side chains. These modified proteins will be incorporated into 
cellular membranes—the membrane of the ER or those of other organelles—or 
secreted from the cell. 
 
If the modified proteins are not destined to stay in the ER, they will be packaged 
into vesicles, or small spheres of membrane that are used for transport, and 
shipped to the Golgi apparatus. The rough ER also makes phospholipids for other 
cellular membranes, which are transported when the vesicle forms. 
 
Since the rough ER helps modify proteins that will be secreted from the cell, cells 
whose job is to secrete large amounts of enzymes or other proteins, such as liver 
cells, have lots of rough ER. 
 
5.2.2.2 Smooth ER 
 
The smooth endoplasmic reticulum (smooth ER) is continuous with the rough 
ER but has few or no ribosomes on its cytoplasmic surface. Functions of the 
smooth ER include: 
 
Synthesis of carbohydrates, lipids, and steroid hormones 
Detoxification of medications and poisons, Storage of calcium ions. 
In muscle cells, a special type of smooth ER called the sarcoplasmic reticulum is 
responsible for storage of calcium ions that are needed to trigger the coordinated 
contractions of the muscle cells. There are also tiny "smooth" patches of ER 
found within the rough ER. These patches serve as exit sites for vesicles budding 
off from the rough ER and are called transitional ER.  
 
5.2.3 The Plastids  
 
The plastid is a membrane-bound organelle found in the cells of plants, algae, and 
some other eukaryotic organisms. Plastids were discovered and named by Ernst 
Haeckel, but A. F. W. Schimper was the first to provide a clear definition. Plastids 
are the site of manufacture and storage of important chemical compounds used by 
the cells of autotrophic eukaryotes. They often contain pigments used in 
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photosynthesis, and the types of pigments in a plastid determine the cell's color. 
They have a common evolutionary origin and possess a double-stranded DNA 
molecule that is circular, like that of prokaryotic cells. 
 
In plants, plastids may differentiate into several forms, depending upon which 
function they play in the cell. Undifferentiated plastids (proplastids) may develop 
into any of the following variants: 
 

Chloroplasts: green plastids for photosynthesis; see also etioplasts, the 
predecessors of chloroplasts 
 

Chromoplasts: coloured plastids for pigment synthesis and storage 
 

Gerontoplasts: control the dismantling of the photosynthetic apparatus 
during plant senescence 
 

Leucoplasts: colourless plastids for monoterpene synthesis; leucoplasts 
sometimes differentiate into more specialized plastids: 
 

Amyloplasts: for starch storage and detecting gravity (for geotropism) 
 

Elaioplasts: for storing fat 
 

Proteinoplasts: for storing and modifying protein 
 
Tannosomes: for synthesizing and producing tannins and polyphenols 
 
5.2.3.1 Chloroplasts  
 
Chloroplasts are found only in plants and photosynthetic algae. (Humans and 
other animals do not have chloroplasts.) The chloroplast's job is to carry out a 
process called photosynthesis. 
 
In photosynthesis, light energy is collected and used to build sugars from carbon 
dioxide. The sugars produced in photosynthesis may be used by the plant cell, or 
may be consumed by animals that eat the plant, such as humans. The energy 
contained in these sugars is harvested through a process called cellular respiration, 
which happens in the mitochondria of both plant and animal cells. 
Chloroplasts are disc-shaped organelles found in the cytosol of a cell. They have 
outer and inner membranes with an intermembrane space between them. If you 
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passed through the two layers of membrane and reached the space in the center, 
you’d find that it contained membrane discs known as thylakoids, arranged in 
interconnected stacks called grana (singular, granum) (Figure 5.4.). 

 
Figure 5.4: Chloroplasts 

 
The membrane of a thylakoid disc contains light-harvesting complexes that 
include chlorophyll, a pigment that gives plants their green color. Thylakoid discs 
are hollow, and the space inside a disc is called the thylakoid space or lumen, 
while the fluid-filled space surrounding the thylakoids is called the stroma. 
 
5.2.4 Mitochondria 
 
Mitochondria (singular, mitochondrion) are often called the powerhouses or 
energy factories of the cell. Their job is to make a steady supply of adenosine 
triphosphate (ATP), the cell’s main energy-carrying molecule. The process of 
making ATP using chemical energy from fuels such as sugars is called cellular 
respiration, and many of its steps happen inside the mitochondria. 
 
The mitochondria are suspended in the jelly-like cytosol of the cell. They are 
oval-shaped and have two membranes: an outer one, surrounding the whole 
organelle, and an inner one, with many inward protrusions called cristae that 
increase surface area (Figure 5.5). 
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Fig: 5.5 Mitochondria 
 
The space between the membranes is called the intermembrane space, and the 
compartment enclosed by the inner membrane is called the mitochondrial matrix. 
The matrix contains mitochondrial DNA and ribosomes. We'll talk shortly about 
why mitochondria (and chloroplasts) have their own DNA and ribosomes. 
 
The multi-compartment structure of the mitochondrion may seem complicated to 
us. That's true, but it turns out to be very useful for cellular respiration, allowing 
reactions to be kept separate and different concentrations of molecules to be 
maintained in different "rooms."  
 
Although mitochondria are found in most human cell types (as well as most cell 
types in other animals and plants), their numbers vary depending on the role of 
the cell and its energy needs. For instance, muscle cells typically have high 
energy needs and large numbers of mitochondria, while red blood cells, which are 
highly specialized for oxygen transport, have no mitochondria at all.  
 
5.2.5 Ribosomes  
 
As mentioned above, ribosomes are the molecular machines responsible for 
protein synthesis. A ribosome is made out of RNA and proteins, and each 
ribosome consists of two separate RNA-protein complexes, known as the small 
and large subunits. The large subunit sits on top of the small subunit, with an 
RNA template sandwiched between the two. (A ribosome looks a little like a 
hamburger with a puffy bun on top, an RNA “patty” threading through it.) 
In eukaryotes, ribosomes get their orders for protein synthesis from the nucleus, 
where portions of DNA (genes) are transcribed to make messenger RNAs 
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(mRNAs). An mRNA travels to the ribosome, which uses the information it 
contains to build a protein with a specific amino acid sequence. This process is 
called translation. Prokaryotes lack a nucleus, so their mRNAs are transcribed in 
the cytoplasm and can be translated by ribosomes immediately. 
 
Eukaryotic ribosomes may be either free, meaning that they are floating around in 
the cytoplasm, or bound, meaning that they are attached to the endoplasmic 
reticulum or the outside of the nuclear envelope. (In the first diagram in this 
article, the red dots represent bound ribosomes; endoplasmic reticulum with 
bound ribosomes is known as rough endoplasmic reticulum.) 
 
Because protein synthesis is an essential function of all cells, ribosomes are found 
in practically every cell type of multicellular organisms, as well as in prokaryotes 
such as bacteria. However, eukaryotic cells that specialize in producing proteins 
have particularly large numbers of ribosomes. For example, the pancreas is 
responsible for producing and secreting large amounts of digestive enzymes, so 
the pancreatic cells that make these enzymes have an unusually high number of 
ribosomes. 
 
Final fun fact: in a testament to the importance of the ribosome, the 2009 Nobel 
Prize in Chemistry was awarded to three researchers who mapped its structure and 
movements down to the level of individual atoms using a technique called X-ray 
crystallography 

Figure 5.6 Ribosomes 
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5.2.6 Dictyosome 
 
Dictyosomes are stacks of flat, membrane-bound cavities (cisternae) that together 
comprise the Golgi apparatus. Within the dictyosomes, proteins are stored, 
modified, sorted, and packed into vesicles (which are then closed off as Golgi 
vesicles) for further transport. Whereas dictyosomes in animal cells are stacked 
tightly together, the dictyosomes in plant cells are dispersed in the cytoplasm, 
making them difficult to identify as the Golgi apparatus. 
 
5.2.7 Vacuoles  
 
Plants cells are unique because they have a lysosome-like organelle called 
the vacuole. The large central vacuole stores water and wastes, isolates hazardous 
materials, and has enzymes that can break down macromolecules and cellular 
components, like those of a lysosome end superscript Plant vacuoles also function 
in water balance and may be used to store compounds such as toxins and 
pigments.  
 

5.2.8 Microbodies:   
Lysosomes and Peroxisomes are microbodies discussed as under 

 
5.2.8.1:  Lysosomes  
 
The lysosome is an organelle that contains digestive enzymes and acts as the 
organelle-recycling facility of an animal cell. It breaks down old and unnecessary 
structures so their molecules can be reused. Lysosomes are part of the 
endomembrane system, and some vesicles that leave the  

Fig: 5.7 Lysosomes 
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Golgi are bound for the lysosome.Lysosomes can also digest foreign particles that 
are brought into the cell from outside. As an example, let's consider a class of 
white blood cells called macrophages, which are part of the human immune 
system. In a process known as phagocytosis, a section of the macrophage’s 
plasma membrane invaginates—folds inward—to engulf a pathogen, as shown 
below (Figure 5.7). 
 

The invaginated section, with the pathogen inside, pinches off from the plasma 
membrane to form a structure called a phagosome. The phagosome then fuses 
with a lysosome, forming a combined compartment where digestive enzymes 
destroy the pathogen. 
 
5.2.8.2 Lysosomes vs. Peroxisomes 
 
One point that can be confusing is the difference between lysosomes and 
peroxisomes. Both types of organelles are involved in breaking down molecules 
and neutralizing hazards to the cell. Also, both usually show up as small, round 
blobs in diagrams. 
 
However, the peroxisome is a different organelle with its own unique properties 
and role in the cell. It houses enzymes involved in oxidation reactions, which 
produce hydrogen peroxide as a by-product. The enzymes break down fatty acids 
and amino acids, and they also detoxify some substances that enter the body. For 
example, alcohol is detoxified by peroxisomes found in liver cells. 
 
Importantly, peroxisomes—unlike lysosomes—are not part of the endomembrane 
system. That means they don't receive vesicles from the Golgi apparatus. You can 
learn more about how proteins are shipped to the peroxisome in the article 
on protein targeting. 
 
5.2.9 Nucleus  
 
Suppose that you have a very precious piece of information. Let’s imagine that 
this piece of information is a blueprint. In fact, it’s not just a blueprint for a house, 
or a car, or even a top-secret fighter jet. It’s a blueprint for an entire organism – 
you – and it not only specifies how to put you together, but also provides the 
information that enables every cell in your body to keep functioning from moment 
to moment. 
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Sounds important, right? You’d probably want to keep information this valuable 
in a secure spot, perhaps in a protected vault where you can keep an eye on it. In 
fact, that’s exactly what eukaryotic cells do with their genetic material, placing it 
in a membrane-enclosed repository called the nucleus. 
 
Eukaryotic DNA never leaves the nucleus; instead, it’s transcribed (copied) into 
RNA molecules, which may then travel out of the nucleus. In the cytosol, some 
RNAs associate with structures called ribosomes, where they direct synthesis of 
proteins. (Other RNAs play functional roles in the cell, serving as structural 
components of the ribosome or regulating activity of genes.) Here, we’ll look in a 
little more detail at the structure of the nucleus and ribosomes. 
 
The nucleus (plural, nuclei) houses the cell’s genetic material, or DNA, and is 
also the site of synthesis for ribosomes, the cellular machines that assemble 
proteins. Inside the nucleus, chromatin (DNA wrapped around proteins, described 
further below) is stored in a gel-like substance called nucleoplasm. 
 
Enclosing the nucleoplasm is the nuclear envelope, which is made up of two 
layers of membrane: an outer membrane and an inner membrane. Each of these 
membranes contains two layers of phospholipids, arranged with their tails 
pointing inward (forming a phospholipid bilayer). There’s a thin space between 
the two layers of the nuclear envelope, and this space is directly connected to the 
interior of another membranous organelle, the endoplasmic reticulum. 
 

5.2.10 Nuclear Memorance 
 
Nuclear pores, small channels that span the nuclear envelope, let substances enter 
and exit the nucleus. Each pore is lined by a set of proteins, called the nuclear 
pore complex, that control what molecules can go in or out. 
 
If you look at a microscope image of the nucleus, you may notice – depending on 
the type of stain used to visualize the cell – that there’s a dark spot inside it. This 
darkly staining region is called the nucleolus, and it’s the site in which new 
ribosomes are assembled (Figure 5.8). 
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Figure 5.8 Nucleus 
 
5.2.11 Nucleolus 
 
The nucleolus is a prominent sub-nuclear structure that is not bound by a 
membrane and resides within the nuclear matrix. Though known to exist since the 
eighteenth century, the primary function of the nucleolus was not discovered until 
the 1960s. It is now been determined that nucleoli manufacture the subunits that 
combine to form ribosome, the cell's protein-producing factories. Accordingly, 
the size of nucleoli depends upon the ribosomal requirements of the type of cell in 
which they are found. In cells that produce large amounts of protein, and thus call 
for significant numbers of ribosome, the size of the nucleolus is considerable, 
sometimes occupying as much as 25 percent of the total volume of the nucleus. 
 
   Through the microscope, the nucleolus appears like a large dark spot within the 
nucleus (see Figure 2). Eukaryotic cells often contain a single nucleolus, but 
several are also possible. The exact number of nucleoli is fixed among members 
of the same species. Each diploid cell in the human body features only one 
nucleolus, though immediately after cell division ten tiny nucleoli appear before 
they coalesce into a single, large nucleolus. This is because nucleoli are formed at 
certain chromosome sites usually referred to as nucleolus organizer regions 
(NORs), and two copies of five different human chromosomes contain NORs. 
The DNA found at chromosomal NORs encodes the genes for ribosomal RNA 
(rRNA). At the onset of mitosis, the single nucleolus present in a human cell 
disappears, and subsequent to the process, the formation of the new nucleolus, 
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which is created from the ten smaller nucleolus-like structures that develop from 
the NORs, can be observed.(Fig: 5.9) 
 

 
 

Fig: 5.9  Nucleolus 

 
5.2.12 Ultra-structure and Morphology of Chromosomes  
 
Now that we have a sense of the structure of the nucleus, let’s have a closer look 
at the genetic information stored inside it: the DNA. Most of an organism’s DNA 
is organized into one or more chromosomes, each of which is a very long string or 
loop of DNA. A single chromosome can carry many different genes. 
 
In prokaryotes, DNA is typically organized into a single circular chromosome (a 
loop). In eukaryotes, on the other hand, chromosomes are linear structures 
(strings). Every eukaryotic species has a specific number of chromosomes in the 
nuclei of its body’s cells. For example, a typical human body cell would 
have 464646 chromosomes, while a comparable fruit fly cell would have 888. 
 
Chromosomes are only visible as distinct structures when the cell is getting ready 
to divide. When the cell is in the growth and maintenance phases of its life cycle, 
the chromosomes instead resemble an unwound, jumbled bunch of threads. In this 
form, the DNA is accessible to the enzymes that transcribe it into RNA, allowing 
the genetic information to be put to use (expressed). 
 
In both their loose and compact forms, the DNA strands of chromosomes are 
bound to structural proteins, including a family of proteins called histones (see 
picture below). These DNA-associated proteins organize the DNA and help it fit 
into the nucleus, and they also play a role in determining which genes are active 
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or inactive. The complex formed by DNA and its supporting structural proteins is 
known as chromatin. You can learn more about DNA, chromatin, and 
chromosomes in the DNA and chromosomes article (Fig: 5.10). 
 

 
Figure 5.10 Chromosomes 

 
5.2.12.1 Molecular Structure of DNA 
 
DNA is a nucleic acid, one of the four major groups of biological 
macromolecules. 
 

5.2.12.1.1 Nucleotides 
 
All nucleic acids are made up of nucleotides. In DNA, each nucleotide is made up 
of three parts: a 5-carbon sugar called deoxyribose, a phosphate group, and a 
nitrogenous base. 
 
DNA uses four kinds of nitrogenous bases: adenine (A), guanine (G) cytosine (C), 
and thymine (T). 
 
RNA nucleotides may also contain adenine, guanine and cytosine bases, but 
instead of thymine they have another base called uracil (U). 
 
5.2.12.1.2 Chargaff's Rules 
 
In the 1950s, a biochemist named Erwin Chargaff discovered that the amounts of 
the nitrogenous bases (A, T, C, and G) were not found in equal quantities. 
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However, the amount of A always equalled the amount of T, and the amount of C 
always equalled the amount of G. 
 
These findings turned out to be crucial to uncovering the model of the DNA 
double helix. 
 
5.2.12.1.3 Double helix 
 
The discovery of the double helix structure of DNA was made thanks to a 
number of scientists in the 1950s.  DNA molecules have an antiparallel structure 
- that is, the two strands of the helix run in opposite directions of one another. 
Each strand has a 5' end and a 3' end. 
 
Solving the structure of DNA was one of the great scientific achievements of the 
century. 
 
Knowing the structure of DNA unlocked the door to understanding many aspects 
of DNA's function, such as how it is copied and how the information it carries can 
be used to produce proteins (Figure 5.11). 

 
Figure 5.11 Double helix 
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5.2.12.1.4 DNA Replication  
 
DNA replication is semi-conservative. This means that each of the two strands in 
double-stranded DNA acts as a template to produce two new strands. 

Figure 5.12 DNA Replication 
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Replication relies on complementary base pairing that is the principle explained 
by Chargaff's rules: adenine (A) always bonds with thymine (T) and cytosine (C) 
always bonds with guanine (G) (5.12) 
 
DNA replication occurs through the help of several enzymes. These enzymes 
"unzip" DNA molecules by breaking the hydrogen bonds that hold the two strands 
together. 
 
Each strand then serves as a template for a new complementary strand to be 
created. Complementary bases attach to one another (A-T and C-G). 
 
The primary enzyme involved in this is DNA polymerase which joins nucleotides 
to synthesize the new complementary strand. DNA polymerase also proofreads 
each new DNA strand to make sure that there are no errors. 
 
5.2.12.1.5 Common Mistakes and Misconceptions 
 
DNA replication is not the same as cell division. Replication occurs before cell 
division, during the S phase of the cell cycle. However, replication only concerns 
the production of new DNA strands, not of new cells. 
 
Some people think that in the leading strand, DNA is synthesized in the 5’ to 3’ 
direction, while in lagging strand, DNA is synthesized in the 3’ to 5’ 
direction. This is not the case. DNA polymerase only synthesizes DNA in the 5’ 
to 3’ direction only. The difference between the leading and lagging strands is that 
the leading strand is formed towards replication fork, while the lagging strand is 
formed away from replication fork. 
 
5.2.13 Karyotype Analysis 
 
A karyotype is a technique that allows geneticists (genetic specialists) to visualize 
chromosomes under a microscope. The chromosomes can be seen using proper 
extraction and staining techniques when the chromosomes are in the metaphase 
portion of the cell cycle. Detecting chromosomal abnormalities is important for 
prenatal diagnosis, detection of carrier status for certain genetic diseases or traits, 
and for general. 
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Diagnostic Purposes 
Karyology is the scientific study of chromosome sets, while patterns found within 
individual chromosomes are called chromosome banding. Karyotype analysis can 
be performed on virtually any population of rapidly dividing cells either grown 
in tissue culture or extracted from tumors. Chromosomes derived from peripheral 
blood lymphocytes are ideal because they can be analyzed three days after they 
are cultured. Lymphocytes can be induced to proliferate using a mitogen (a drug 
that induces mitosis) like phy-tohemagglutinin. Skin fibroblasts, bone 
marrow cells, chorionic villus cells, tumor cells, or amniocytes also canbeused but 
they requireuptotwo weekstoobtain a sufficient amount of cells for analysis. The 
cultured cells are treated with colcemid, a drug that disrupts the mitotic spindle 
apparatus to prevent the completion of mitosis and arrests the cells in metaphase. 
The harvested cells are treated briefly with a hypotonic solution. This treatment 
causes the nuclei to swell making it easier for technicians to identify each 
chromosome. The cells are fixed, dropped on a microscope slide, dried, and 
stained. The most common stain used is the Giemsa stain. Other dyes, such as 
fluorescent dyes, can also be used to produce banding patterns. 
 
Chromosome spreads can be photographed, cut out, and assigned into the 
appropriate chromosome number or they can be digitally imaged using a 
computer. There are seven groups (A through G) that autosomal chromosomes are 
divided into based on size and position of the centromere. The standard 
nomenclature for describing a karyotype is based on the International System for 
Human Cytogenetic Nomenclature (ISCN). First, the total number of 
chromosomes is written followed by a comma, then the sex chromosome 
constitution and any abnormality written in parentheses. Many genetic 
abnormalities cannot be detected by karyotype analysis. These include small, 
esoteric aberrations such as point mutations, frameshift mutations, nonsense 
mutations, or single nucleotide polymorphisms. 
 
Genetic counselors rely on karyotypes to diagnose abnormal pregnancies. 
Amniocentesis is a routine procedure used in prenatal screening that involves 
removing amniotic fluid for karyotype analysis. A karyotype can pick up 
aneuploidy (i.e., Trisomy of chromosome 21, or Down syndrome) and 
rearrangements such as deletions, duplications, and inversions that might be 
helpful in prenatal diagnosis. It also can be helpful in certain cases to obtain 
karyotypes from parents to determine carrier status, which can be relevant to 
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recurrence risks in future pregnancies. Karyotypes also may help determine the 
cause of infertility in patients having reproductive difficulties. 
 
Many sports organizations, including the Olympics, use karyotype analysis for 
gender verification purposes in order to prevent male athletes from competing in 
female sports events. 
 

SELF ASSESSMENT QUESTIONS  
 
Q.1. Select the correct answers. 
1.  Holds the genetic information (DNA) for the cell. It controls all cell 

activities. 
A) Ribosome 
B) Lysosome 
C) Mitochondria 
D)  Nucleus 

 
2.  Food producer for the plant cell. It converts the energy of the sun into sugar. 
 A) Nucleus    
 B) Cellmembrane 

C) Cytoplasm                                                                                                
D)  Chloroplast 

 
3.  Acts as the digestive system inside a cell. It helps to break down old or 

unimportant parts of the cell, and substances that have been brought into the 
cell from the outside. 

 A) Ribosome     
 B) Endoplasmicreticulum 

C) Lysosomes     
         D)  Mitochondria 
 
4.  Monitors and controls entry into and out of the cell. 
 A) Ribosome 

B) Cellmembrane 
C) Vacuole 
D)  Chloroplast 
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5.  Creates proteins. It can float within the cytoplasm or be attached to an 
organelle. 
A) Cytoplasm 
B) Nucleus 
C) Mitochondria 
D)  Ribosome 

 
6.  Checks, makes necessary changes, packages and secretes proteins. 

A) Cellwall 
B) Mitochondria 
C) Endoplasmicreticulum 
D)  Golgi Bodies / Golgi Apparatus 

 
7.  Jelly-like fluid that fills the cells and suspends the organelles. 

A) Nucleus 
B) Cytoplasm 
C) Lysosome 
D) Chloroplast 

 
8.  Thick, rigid layer that surrounds the plant cell and provides support and 

structure. 
A)  Cell wall 
B)  Mitochondria 
C)  Chloroplast 
D)  Nucleus 

 
9.  Helps transport proteins. 

A)  Lysosome 
B)  Cell wall 
C)  Endoplasmic reticulum 
D)  Vacuole 

 
10.  In plant cells, a large, fluid-filled space inside the cell that helps the cell 

maintain its shape and may also be used to store nutrients and waste 
products. In animal cells, small fluid spaces inside the cell that are used to 
store nutrients and waste products. 
A)  Cell wall 
B)  Ribosome 
C)  Vacuole 
D)  Chloroplast 
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11.  Produces energy to fuel the cell’s activities. 
A)  Cell wall 
B)  Mitochondria 
C)  Cytoplasm 
D)  Golgi Bodies / Golgi apparatus 

 
Q.2  Anwer the following questions:  
 i.  Draw diagram of mitochondria and label its different parts. 
 ii.  Write structure and functions of Nucleus. 
 iii.  Explain concept of Nucleolus. 
 iv.  Write applications of Karyotype. 
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INTRODUCTION 
 
Cell division and Chromosomes is the sixth unit of Biology-III in which processes 
and structures involved in reproduction take place.  There are some information 
which are worth significant for the better understanding of the content of this unit. 
The explanation of that contents iis covered in introduction section. As the 
introduction section is little bit lengthy and contains illustrations hence objectives 
are give at first. 
 
Nucleoplasm is the inner mass of the nucleus. It contains chromosomes. The 
DNA is organized with proteins to form chromosomes. The chromosomes are 
thread like during interphase. So they cannot be identified as individual structures. 
Thus the chromosomes are appeared as mass of stained material. This stained 
material is collectively called as chromatin. The chromosomes condense before 
the division of cell. So it becomes thick. Now it can be seen as separate structures. 
The chromosomes contain genes. These genes control all the character of an 
animal. Each eukaryotic species has a characteristic number of chromosomes. A 
human cell has 46 chromosomes in its nucleus. But the sex cells, eggs and sperm 
have only 23 chromosomes in humans. The chromosome is composed of DNA 
(double helix) and histone protein. Genetic material, DNA exists along with 
protein in the fix form (Figure 6.1) 
 

Organization of Chromosome 
 
DNA and histone proteins together make chromatin which provides basis for 
complex packing of DNA into chromosomes. So, it regulates the DNA activity. 
There are five different types of histone proteins. These are: 
H1or H5 
H2A 
H2B 
H3 
H4 
Both H1 and its homologous protein H5 are responsible for higher-ordered 
chromatin structure. 
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Figure 6.1: Schematic representation showing organization and packaging of genetic 
material. Nucleosome shown by DNA (grey) wrapped around eight histone proteins, 
H2A, H2B, H3, and H4 (colored circles). N-terminal histone tails (blue) are shown 
protruding from H3 and H4. 
 
Chromosomes widely differ in appearance. They vary in size, staining properties, 
the location of centromere, relative length of the two arms on either side of 
centromere and the position of constricted regions along the arms. Chromosomes 
acquire different shapes at the time of anaphase during cell division. The usual 
shapes are I, j and v. A chromosome is made of telomere, chromatids, centromere, 
primary constriction and a secondary constriction (Figure 6.2). 
 

 
 
Figure 6.2: Structure of Chromosome. It is composed of centromere, chromatids. 
 
1.  Telomere: A telomere caps each end of every chromosome. Specific 

proteins bind to telomere. These proteins protect chromos tiles from the 
attacks or exonueleases present in the same cell. Telomere permits DNA 
replication to continue to the very end of chromosome. The telomere is also 
involved in attachment to the nuclear membrane. It is also involved U 
pairing of homologous chromosomes during meiosis. The structure 
of telomeric DNA is very similar in all eukaryotic organisms. One strand of 
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the DNA is rich in guanine. It is oriented toward the end of the 
chromosome. The other strand is rich in cytosine. It is oriented towards the 
centromere. In most organisms, the telomere consists or multiple copies of a 
very short DNA. 

 
2.  Chromatids: Each chromosome contains two chromatids. Both chromatids 

are exact copy of each other. Chromatids are held together by centromere. 
These chromatids are exact copy of each other. Both chromatids are 
separated from each other during anaphase. 

 
3.  Centromere: The chromatids of each pair of homologous chromosomes are 

held together at the centromere. Centromere is responsible for proper 
segregation of each chromosome pair during cell division. The kinetochore 
is the attachment site of the microtubules. It guides the movement of the 
chromosomes to the poles. Kinetochore is organized around the centromere. 
The molecular structures of centromere in most species are still unclear. 
Centromere contains repetitive DNA called heterochromatin. 

 
4.  Primary and Secondary Constrictions: Each chromosome has special 

constrictions at two points. First constriction is present at sit of centromere. 
It is called primary constriction. One or more pairs of chromosomes in each 
species have also secondary constriction. It does not stain well. Nucleolus is 
attached with this region. This region contains multiple copies of the genes 
that transcribe the ribosomal RNA within the nucleolus. 

 
Types of Chromosomes 
 
The chromosomes have different types on the basis of position of centromere 
(Figure 6.3). 
 
1.    Telocentric: The centromere is present at the ends of the chromatids. 
 
Acrocentric: The centromere is present near the end of chromatids. The 
chromosomes have two very small arm and two very long arms. 
 
Sub metacentric: The centromere is present near the middle of the chromatids. 
Chromosome contains arms of unequal length. 
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Metacentric: The centromere is present at the middle of the chromatids. 
Chromosome contains equal arms. 

 
 
Figure 6.3: Types of Chromosomes. Telocentric, acrocentric, sub-metacentric 
and metacentric  chromosomes showing variations in arms size and attachment of 
centromere. 
 
Ultrastracture of Chromosome 
 
Chromatin consists of DNA and histone proteins. This association of DNA and 
protein helps in the complex packing of DNA into chromosomes. So it regulates 
the DNA activity.  
 

Activity 1: Student must know about chromosome structure and its location in 
various types. 

 
1.  Nucleosome 

Four types of Histone protein form a core particle called nucleosome 
(Figure 6.4). These proteins are H2A, H2B, H3, H4. The nucleosome is 
composed of eight molecules of histones. DNA coil around the nucleosome. 
Histones having positively charged amino acids bind tightly to the 
negatively charged DNA forming chromatin. The unfolded chromatin shows 
like beads on a string under electron microscope. Chromatin organization 
controls the transcription of DNA. Therefore, nucleosome influences the 
gene expression. 
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Figure 6.4: Nucleosome organization. Histone proteins wrapped by DNA strand. 
While Linker histone proteins are attached to DNA. 
 
2.  Linker protein H1 

The fifth histone HI which is linker protein is not included in nucleosome 
formation. Rather it fixes the DNA with nucleosomes. 

 
3.  Solenoid 

Embedded string undergoes higher order packing. The chromatin coils 
further to produce thickened, compact chromosomes during mitosis. This 
string can coil tightly with the help of histone HI. It makes a cylinder 31 nm 
in diameter. It is called solenoid. 

 
4.  Looped Domains 
 The solenoid fiber forms loops called loop domains.  
 
5.   Metaphase Chromosomes 

The metaphase chromosome themselves coil and fold in a mitotic 
chromosome. It further compact all the chromatin. Thus, it produces 
characteristic metaphase chromosomes. All chromatin is not active because 
some of the human genes become active only after adolescence (Figure 6.5).  
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Figure 6.5: Chromosome Organization. (A) First order of packaging, 
nucleosome (B) Second order of packaging, Solenoid fiber (C) Scaffold loop (D) 

Chromatid (E) Chromosome 
 
So there are two areas of chromosomes: 
 
Heterochromatic region: These are inactive portions of chromosomes. They 
show a banding pattern with certain stains. So they are called heterochromatin. 
The DNA of heterochromatin is not transcribed. 
 
Euchromatic region: Active chromosome portions are called euchromatic 
regions (Figure 6.6). 
 

 
Figure 6.6: Heterochromatin and Euchromatin regions of chromosome. Both 
regions showing inactive and active portions of chromosome respectively. 
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OBJECTIVES 
 
After completion of this unit you will be able to: 
  understand genetic material organization into chromosomes which are 

explained in different ways in males and females. However, their number 
may be constant. 

 explain growth and repair processes are results of mitosis in which 
chromosomes divides equally during cell cycle. Karyokinesis is nuclear 
division while cytokinesis is the process of cytoplasmic division. 

 Perceive meiosis results in gametes formation and reducing the chromosome 
number to half. 

 Describe genetic material in the cell is Deoxyribonucleic acid (DNA). Its 
double helical structure explains about replication and genetic code 
represents the sequence of amino acids that makeup the proteins. 

 
 
 
 

  



162 
 

6.1  REPRODUCTION IN SOMATIC AND EMBRYOGENIC CELL 
 
Somatic, or body cells, such as those that make up skin, hair, and muscle, are 
duplicated by mitosis. The sex cells, sperm and ova, are produced by meiosis in 
special tissues of male testes and female ovaries. Since the vast majority of 
our cells are somatic, mitosis is the most common form of cell replication. 
 
The cell division process that produces new cells for growth, repair, and the 
general replacement of older cells is called mitosis.  In this process, a somatic cell 
divides into two complete new cells that are identical to the original one.  Human 
somatic cells go through the 6 phases of mitosis in 1/2 to 1 1/2 hours, depending 
on the kind of tissue being duplicated (Figure 6.7). 
 
Some human somatic cells are frequently replaced by new ones and other cells are 
rarely duplicated.  Hair, skin, fingernails, taste buds, and the stomach's protective 
lining are replaced constantly and at a rapid rate throughout our lives.  In contrast, 
brain and nerve cells in the central nervous system are rarely produced after we 
are a few months old.  Subsequently, if they are destroyed later, the loss is usually 
permanent, as in the case of paraplegics.  Liver cells usually do not reproduce 
after an individual has finished growing and are not replaced except when there is 
an injury.  Red blood cells are also somewhat of an exception.  While they are 
being constantly produced in our bone marrow, the specialized cells from which 
they come do not have nuclei nor do the red blood cells themselves. 
 

 

 
Figure 6.7: Six phases of mitosis. Somatic cells are formed by this mitotic 
process. 
 
Meiosis is a somewhat similar but more complex process than mitosis. While 
mitosis produces 2 daughter cells from each parent cell, meiosis results in 
production of reproductive cells, or gametes  both in males and  in females.  
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Unlike the cells created by mitosis, gametes are not identical to the parent cells.  
In males, meiosis is referred to as spermatogenesis because sperm cells are 
produced.  In females, it is called oogenesis because ova, or eggs, are the main 
ultimate product.  There are 8 phases of spermatogenesis (Figure 6.8). The two 
sequential division processes of meiosis culminate in the production of gametes 
with only half the number of chromosomes of somatic cells.  As a result, human 
sperm and ova each have only 23 single-stranded chromosomes (Figure 6.9). 
Human somatic cells, with their full set of 46 chromosomes, have what geneticists 
refer to as a diploid  number of chromosomes. Gametes have a haploid  number 
(23). When fertilization occurs, a human sperm and ovum combine their 
chromosomes to make a zygote (fertilized egg) with 46 chromosomes.  This is the 
same number that the parents each had in their somatic cells.  Each generation 
inherits the same number of chromosomes.  Without reducing their number by 
half in meiosis first, each new generation would have double the number of 
chromosomes in their cells as the previous one.  Within only 15 generations, 
humans would have over 1½ million chromosomes per cell and would be a 
radically different kind of animal.  In fact, when a zygote has an extra set of 
chromosomes, it usually is spontaneously aborted by the female reproductive 
system, it is a lethal condition. 
 

 
 
Figure 6.8: Phases of spermatogenesis. It illustrates the process of meiosis in 
males. 
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Figure 6.9: Meiotic division. After two divisions sperm and ova contains 23 
number of chromosomes.  
 

SELF ASSESSMENT QUESTIONS 
 
Q: Fill in the blanks. 
 
i.  ………………is the inner mass of the nucleus. (Nucleoplasm) 
ii.  The structure of ………………. is very similar in all eukaryotic organisms. 

(Telomeric DNA) 
iii.  Histone H1 which is ……………… is not included in nucleosome 

formation. (Linker protein) 
iv.  Active chromosome portions are called ……………… (Euchromatic 

regions) 
v.  Chromosomes acquire different shapes at the time of ………….. during cell 

division. (Anaphase) 
 
Q:  Answer the following. 
i.  Differentiate the terms spermatogenesis and oogenesis. 
ii.  Write various shapes of chromosomes. 
iii.  What are somatic and embryogenic cells 
iv.  Differentiate various chromosomal types. 
v.  How a zygote is formed? 
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Q:  Choose the correct answer.  
i.  Each chromosome contains ………. chromatids. 
 a.  Two 
 b.  Three 
 c.  Four 
 
ii.  Centromere is present at the ends of the……………... 
 a.  Telomere 
 b.  Chromatids 
 c.  Kinetochore 
 
iii.  Active chromosome portions are called …………. regions 
 a.  Euchromatin  
 b.  Heterochromatin  
 c.  None 
 
iv.  There are ……….. types of histones 
 a.  Five 
 b.  Four 
 c.  Six 
 
v.  Skin is an example of………. 
 a.  Somatic cell 
 b. Embryogenic cell 
 c.  Both a and b 
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6.2  MITOSIS AND MEIOSIS 
 
Mitosis 
It is the type of cell division in which number of chromosomes remains constant 
in the daughter cells. It is divided into four phases: prophase, metaphase, 
anaphase and telophase. However, the process is continuous in a dividing cell. 
Therefore, each phase smoothly enters into the next (Figure 6.10).  

 
1.  Prophase 
 It is the first phase of mitosis. Following changes take place during prophase: 
 (i)    The chromosome becomes visible with the help of light microscope 

and looks like threadlike structures. 
 (ii)    The nucleoli and nuclear envelope disappear. 
 (iii)  The two centrioles pairs move apart from each other. The centrioles 

pairs reached at the opposite poles at the end of prophase.  
 (iv)  Microtubules arise from the centrioles. These micrtubules are called 

asters. These esters tie each centriole with the plasma membrane. 
 (v)  The microtubules forms spindle between the centrioles and these 

spindle fibers extended from pole to pole. 
 (vi)  The asters, spindle, centrioles and microtubules are collectively form 

mitotic spindle (or mitotic apparatus). 
 (vii)  Later, another group of microtubules grows out froming kinetochore 

towards the poles of the cell connecting sister chromatids to spindle poles. 
 
2.  Metaphase 
 The chromatids align in the center of the cell. They are attached at the 

equator of spindle. The centromeres divide at the end of metaphase. The two 
sister chromatids are detached from each other at the end of the metaphase. 
But the chromatids remain aligned at the equator. The centromere divide. 
Now the sister chromatids are considered complete chromosomes. Now they 
are called daughter chromosomes. 

 
3.  Anaphase 
 The microtubules in the mitotic spindle shortens pulling each daughter 

chromosome toward its respective pole. At the end of anaphase each 
daughter chromosomes move towards the poles of the cell with each pole 
having complete and same set of chromosomes. 
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4. Telophase 
 In this phase, the mitotic spindle disassembles and re-appearance of nucleus as 

well nuclear envelope. Uncoiling of daughter chromosomes for gene expression 
and cell pinches itself in the middle resulting end of mitotic division. 

 
Cytokinesis: Division of Cytoplasm 
 
The last stage of cell division is cytokinesis which results in cytoplasm 
partitioning. It starts during late anaphase or early telophase. A contracting belt of 
microfilaments are present in the middle of the cell forming contractile ring. The 
ring contracts and pinches the plasma membrane inward resulting cleavage furrow 
which deepens and joins each other. Thus two new, genetically identical daughter 
cells are formed. 
 

 
 

Figure 6.10: Mitosis or Somatic Cell Division. Type of cell division resulting in 
the formation of two daughter cells with same number of chromosomes as the 
parent cell, typical of ordinary tissue growth. 
 
Activity 2: Students learn about the basic process of mitosis and use model 
chromosomes to simulate mitosis. Throughout, students respond to analysis and 
discussion questions to further develop their understanding of mitosis. 

 



168 
 

Meiosis: The Basis of Sexual Reproduction 
 
Meiosis is a type of cell division in which parent cell divides to form four 
daughter cells each receiving half the number of chromosomes. Male gamete 
known as sperm unites with female gametes which is called as egg or ovum and 
forms zygote by the process of fertilization. The fusion of gametes is called 
syngamy.  The sexually reproducing animals produce gametes by meiosis. The 
somatic cells in the bodies of most animals have the diploid (2n) number of 
chromosomes. This process takes place in reproductive organs such as testes in 
males and ovaries in females and as result reducing the number of chromosomes 
to haploid (1n) which re-unite during fertilization restoring the diploid number. 
Meiosis is a continuous process and divides into two phases (Figure 6.11). 
 
The First Meiotic Division 
 
Prophase-I 
Following processes take place during prophase-I: 
 
1. Leptotene 

Chromosomes become visible with cell containing the double number of 
chromosomes. The chromosomes are present in homologous pairs. The 
homologous chromosomes are chromosome which are similar to each other 
in shape and size. 
 

2. Zygotene 
Chromosomes began to pair with each other and this pairing is called 
synapsis. It is also called bivalent or tetrad because of having two 
homologous chromosomes and four chromatids respectively. Sister 
chromatids are held together by RNA and proteins network.  
 

3.  Pachytene 
The chromosomes began to exchange their parts by the process of crossing-
over. It is a form of genetic recombination and is a major source of genetic 
variation among population of a given species. 

 
4. Diplotene 

The homologous chromosomes repel each other resulting in the opening of 
tetrad lengthwise. 

 
5. Diakinesis 

The chaismata between the homologous chromosomes are dissolved with 
the distribution of homologous chromosomes along entire cell. 

 
Metaphase-I  
The microtubules form a spindle apparatus. Each pair of homologues lines up in the 
center of the cell. Their centromeres are on each side of the equator of the spindle. 
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Anaphase-I 
The homologous chromosomes separate and begins to move toward opposite poles.  
 
Telophase-I                              
It is similar to mitotic telophase. The chromosome uncoils with the re-appearance 
nucleus and nuclear membrane. 
 
Interkinesis 
The transition to the second nuclear division is called intrerkinesis. The DNA 
does not replicate during intrerkinesis. After a varying time period, meiosis-II 
occurred. 
 
The Second Meiotic Division 
 
The second meiotic division resembles an ordinary mitotic division. The number 
of chromosomes reduced to half. The phases include prophase-II, metaphase-II, 
anaphase-II, and telophase-II. The final products of these divisions of meiosis are 
four haploid cells which finally form gametes (sex cell). 
 

 
Figure 6.11: Meiosis or sex cell division. Type of cell division forming four 
daughter cells each with half the number of chromosomes as compared to parent 
cell such as the production of gametes and plant spores. 
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Spermatogenesis and Oogenesis 
 
Spermatogenesis 
Sperm formation takes place in the testes and is called spermatogenesis. By the 
process of meiosis it forms mature sperm cells with cap like structure for egg 
penetration and flagellum for locomotion. A primary spermatocyte divides 
forming two secondary spermatocytes by meiosis-I. Then, meiosis-II forms four 
spermatids and four spermatozoa until differentiation releasing mature sperms at 
the end (Figure 6.12). 

 
Oogenesis 
OOgenesis is the formation of mature egg in testes. It differs from 
spermatogenesis because after the formation of four meiotic products, only one 
becomes functional while other three disintegrates and are called polar bodies. In 
some animals, the mature egg is the product of the first meiotic division which 
completes the process of meiosis after fertilization (Figure 8.27). 
 

 
Figure 6.12: Spermatogenesis and Oogenesis. Spermatogenesis takes place in 
the testes releasing flagellated sperms while oogenesis occurs in female 
reproductive organ releasing ovum or egg. 
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Importance of Meiosis 
 
1.  Variations 
 Two significant processes take place during meiosis. These are: 
 (a)  Crossing Over 
  The parental chromosomes exchange segments with each during 

crossing over other. It results in large number of recombinations. 
  
 (b)  Random Assortment of Chromosomes 
  The separation of homologous chromosomes is random during anaphase. 

It gives a large variety of gametes. Both these phenomena cause 
variations and modifications in the genome. These variations are the 
bases of evolution. These variations also make every individual specific 
particular and unique in his characteristics. Even the progeny of very 
same parent, i.e. brothers and sisters are not identical to each other. 

 
2.  Constant Chromosome Number  
 Meiosis takes place during sexual cell (gamete) formation and spore 

formation in plants. Thus it reduces the number of chromosomes to one half 
in each gamete or spore. The original number of chromosome is restored 
after fertilization. So it maintains chromosome number constant generation 
after generation. The chromosome number will become double after every 
generation without meiosis. 

 
Activity 3 : Students learn how genes are transmitted from parents to offspring 
through the processes of meiosis and fertilization. 

 
Mitotic Cell Division 
It is the type of cell division which takes place in all animals during the processes 
of growth and repair. Cell divides into two basic stages: Mitosis is a division of 
nucleus while cytokinesis is the cytoplasmic division. Between divisions 
(interphase) the cell must grow and carry out its activities. 

 
6.3  CELL CYCLE 
 
The Cell Cycle 
The period from time a cell is produced until it completes mitosis is called cell 
cycle. It includes the growth and repair processes (Figure 6.13). It has following 
basic stages: 
 
(a)   Mitosis: It is the division of the nucleus. 
(b)   Cytokinesis: It is the division of the cytoplasm. 
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(c)   Interphase: The cell grows and carries out its various metabolic activities 
during interphase. The cell cycle is divided into following stages: 

 
The G1 (first growth or gap) phase: It is the early growth phase of the cell. 
 
S (DNA synthesis) phase: During this phase the growth continues and it involves 
DNA replication. 
 
G2 (second growth or gap): It prepares the cell for division. It includes 
replication of the mitochondria and other organelles, synthesis of microtubules 
and protein. These microtubules and proteins will make up mitotic spindle fibers 
and chromosomal condensation. 
 
4.  The M (Mitotic) phase: Partitioning of chromosomes and daughter cells 

take place in this phase.    
5.  Go Phase: A phase where the cell left the cycle and stop dividing.   
 

 
 
Figure 6.13: Cell cycle. Series of events which takes place in a cell leading to its 
division and DNA duplication (replication) for the production of two 
daughter cells. 
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Interphase: Replicating the Hereditary Material  
 
Interphase comprises about 90% of the cell cycle including G1 S, and G2 phases. 
Normal cell activities take place during this phase. DNA replication is completed 
during the S phase of interphase. Thus, it also prepares the cell for division. 
Before the onset of cell division, an exact copy of the DNA is formed. This 
process is called replication. The double stranded DNA makes a copy of itself 
with each daughter cell receiving the same genetic material as in case of parent 
cell. Thus, a pair of sister chromatids is formed. A chromatid is chromosome copy 
formed by replication. Sister chromatids are attached at centromere which is a 
specific DNA sequence of about 220 nucleotides with specific location on 
chromosome. A disk of protein called a kinetochore is attached to each 
centromere forming attachment site for the micro-tubules of the mitosis. The cell 
cycle then moves into G2 phase and chromosomes condenstion begins. The cell 
also begins to assemble different structures during G2 phase which helps to move 
the chromosomes towards opposite poles of the cell. For example, centrioles 
replicate and there is extensive synthesis of the proteins making up the 
microtubules (Figure 6.14). 
 

 
Figure 6.14: Interphase. Phase of cell cycle during which DNA and histones are 
duplicated and various proteins which are necessary for cell division are 
synthesized. 
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SELF ASSESSMENT QUESTIONS 
 

Q:  Fill in the blanks. 
i.  ……………….. is the type of cell division in which number of 

chromosomes remains constant in the daughter cells.(Mitosis) 
ii.  The transition to the second nuclear division is called ……………….. 

(Intrerkinesis) 
iii.  The cell grows and carries out its various metabolic activities during 

……………….. (Interphase) 
iv.  A contracting belt of microfilaments are present in the middle of the cell 

forming ……………….. (Contractile ring) 
v.  The fusion of gametes is called ……………….. (Syngamy)  
 

Q:  Answer the following. 
 i.  Differentiate G1, G2 and S phase of cell cycle. 
 ii.  Differentiate mitosis and meiosis. 
 iii.  What are various stages for first meiotic division? 
 iv.  What is synapsis? 
 v.  What is cytokinesis? 
 

Q: Choose the correct answer.  
i.  Crossing over occurs due to the exchange of chromosomal segments at 

………………..of meiosis. 
 a.  Anaphase-I 
 b.  Metaphase-I 
 c.  Prophase-I 
 
ii.  During mitosis, nucleolus begin to disappear at……………….. 

a.  Early prophase 
b.  Metaphase 
c.  Anaphase 

 

iii.  DNA replication occurs in ……………….. 
 a.  S-phase 
 b. G-phase 
 c.  M-phase 
 

iv.  Pairing of homologous chromosomes can be seen during……………….. 
 a.  Pachytene 
 b.  Zygotene 
 c.  Diplotene 
 

v.  Number of mitotic divisions required to produce 128 cells from single cell is 
……………….. 

 a.  10 
 b. 9 
 c.  7 
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6.4 CHROMOSOMAL ABERRATION: CHANGES IN THE 
NUMBER OF CHROMOSOMES 

 

(a)  Changes in Chromosome Number 
 In some cases, number of chromosome in an affected person could be 

increased or decreased. Following types of chromosomal abnormalities are 
produced due to change in chromosomal number. 

 

Aneuploidy 
The randomly distribution of abnormal number of chromosomes in animals is 
called as aneuploidy. Aneuploidy is mostly caused by non-disjunction. The 
members of a pair of homologous chromosomes do not move apart properly 
during non-disjunction. Therefore, the sister chromatids fails to separate at 
meiosis-II. In these cases, one gamete receives the same type of chromosome and 
another receives no copy. The other chromosomes are usually distributed 
normally. If these abnormal gametes unite with a normal one, the offspring will 
have an abnormal chromosome number. It causes aneuploidy (Figure 6.15). 
 

 
Figure 6.15: Non-Disjunction. Failure of homologues to separate at Anaphase-I 
results in four affected daughter cells where as failure of sister chromatids to 
separate at Anaphase-II results of only two affected daughter cells. 
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Types of Aneuploidy 
There are following types of aneuploidy: 
1.  Monosomic (2n-1)  

Monosomy is a form of aneuploidy with only one chromosome from 
pair. Partial monosomy occurs when only a portion of the chromosome has 
one copy, while the rest has two copies (Figure 6.16).  

 
Figure 6.16: Monosomy. The condition of having a diploid chromosome 
complement in which one chromosome lacks its homologous partner. 
 
Human genetic abnormalities due to monosomy are: 
 

Turner’s Syndrome  
People with Turner syndrome have one X-chromosome instead of the normal two 
sex chromosomes. It is the only form of monosomy in humans while all other 
cases of full monosomy are lethal and the individual will not survive development 
(Figure 6.17). 

 
 

Figure 6.17: Turner’s Syndrome. Condition in which female partly or 
completely missing X-chromosome. 
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Cri Du Chat Syndrome  
"Cry of the cat" after the distinctive noise by affected persons due to 
malformed larynx, a partial monosomy which is caused due to deletion of the end 
of the short p arm of chromosome 5 (Figure 6.18). 
 

 
 
Figure 6.18: Cri du chat syndrome. Chromosomal abnormality resulting when a 
piece of chromosome 5 is missing. 
 

1p36 Deletion Syndrome 
 
Partial monosomy due to the deletion at the end of the short p arm 
of chromosome 1. It is also known as monosomy 1p36 and is a congenital 
genetic disorder and characterized by moderate to severe intellectual disability, 
delayed growth, limited speech ability, malformations, hearing and vision 
impairment and distinct facial features. 
 

2.  Disomic 
It is the presence of a pair of chromosome and normal condition for diploid 
organisms including humans while organism with triploid or above, it is an 
aneuploidy. It can occur in haploid cells, such as gametes. In uni-parental 
disomy, it  means two copies of the chromosome from only one parent 
(without any involvement from the other parent) (Figure 6.19). 
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Figure 6.19: Uni-parental Disomy. It takes place when only one parent is involved 
in the distribution of chromosomes. In this case, individual receives two copies of 
a chromosome, or of part of a chromosome. 
 
3.  Trisomic (2n + 1)  

If in fertilized egg the chromosome is present in triplicate, the aneuploid cell 
is called trisomic. and the person has 47 instead of 46 number of 
chromosomes. Down’s syndrome, Edward syndrome and Patau syndrome 
are the most common abnormalities of trisomy. The cell has a total of 2n + 1 
chromosome (Figure 6.20). There are two types of trisomy: 

 

 
Figure 6.20: Trisomy. Chromosomal disorder characterised by an additional 
chromosome. 
 
(a) Partial trisomy: In this case, extra chromosomal part is attached to one of 

the other chromosomes. Sometimes, one of the chromosomes has two copies 
of part of its chromosome. 

(b)  Mosaic trisomy: In this case, an extra chromosomal material exists in only 
some of the organism’s cells. The conditions of trisomy that survive without 
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spontaneous abortion in humans are Trisomy 21 (Down syndrome), Trisomy 
18 (Edwards syndrome) and many others (Figure 6.21) 

 

 
 
Figure 6.21: Trisomy disorders. (A) Part of regular cell showing chromosomes 
18,19,20 and 21 pairs (B) Down syndrome child’s cell showing chromosome 21 
pair with 1 extra chromosome (C) Edwards syndrome child’s cell showing 
chromosome 18 pair with 1 extra chromosome. 
 
4.  Tertrasomics 

If the presence of chromosome is in tetrad form in the fertilized egg, the 
aneuploid cell is called tertrasomics. This condition is due to non-
disjunction when cells are dividing  during meiosis-I or II to form egg and 
sperm cells resulting extra chromosome number.  After fertilization, the 
resulting fetus receives 48 chromosomes instead of the normal 46. 

 
5.  Nullisomics 
 If chromosome is missed, the aneuploidy is nullisomics. Therefore, cell has 

2n - 0 chromosomes. 
 

6.5  ANEUPLOIDY AND EUPLOIDY 
 
Affects of Aneuploidy 
The randomly distribution of abnormal number of chromosomes in animals is 
called as aneuploidy. Aneuploidy is produced in sperm or egg. Later it is 



 

transmitted to the zygote. Mitosis transmits the aneuploidy to all embryonic cells. 
Such organism may not survive. If the organism survives, it becomes abnormal. 
Non disjunction can also occu
transfered to many of cells by the process of mitosis. It has greater effect on the 
organism. Aneuploid variations normally results in disorders such as mental 
retardation and sterility. 
 

Polyploidy (euploidy)
A condition in which an organism has more than two complete sets of chromosomes 
is called polyploidy. The natural occurrence of polyploids in the animal kingdom is 
extremely rare such as triploid, tetraploid. But polyploidy can be induced 
experimentally in certain animals, such as frogs and rabbits (Figure 6.22). 
 

 
Figure 6.22: Haploid (single), 
chromosomes. Triploid and tetraploid chromosomes are examples of polyploidy.
 

6.6 CHANGES IN THE STRUCTURE O
 

Deficiency, duplication, inversion and translocation take place for change for 
structure of chromosomes.
After breaking, chromosomal pieces lost or re
Structural chromosome abnormalities
missing, or an extra part is attached
with another part. It results in chromosome having different gene sequences, 
multiple copies or some missing genes. Many environmental factors including 
ionizing radiations and many chemicals are also responsible f
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transmitted to the zygote. Mitosis transmits the aneuploidy to all embryonic cells. 
Such organism may not survive. If the organism survives, it becomes abnormal. 
Non disjunction can also occur during mitosis. The early aneuploid condition is 
transfered to many of cells by the process of mitosis. It has greater effect on the 
organism. Aneuploid variations normally results in disorders such as mental 

dy) 
A condition in which an organism has more than two complete sets of chromosomes 

The natural occurrence of polyploids in the animal kingdom is 
extremely rare such as triploid, tetraploid. But polyploidy can be induced 
experimentally in certain animals, such as frogs and rabbits (Figure 6.22).  

 

Haploid (single), diploid, triploid and tertraploid sets of 
chromosomes. Triploid and tetraploid chromosomes are examples of polyploidy.

CHANGES IN THE STRUCTURE OF CHROMOSOME

Deficiency, duplication, inversion and translocation take place for change for 
chromosomes.It includes mutations involving chromosomal breaks. 

After breaking, chromosomal pieces lost or re-attach other than original position. 
Structural chromosome abnormalities occur when part of a chromosome
missing, or an extra part is attached to chromosome or part has been exchanged 

It results in chromosome having different gene sequences, 
multiple copies or some missing genes. Many environmental factors including 
ionizing radiations and many chemicals are also responsible for the induction of 

transmitted to the zygote. Mitosis transmits the aneuploidy to all embryonic cells. 
Such organism may not survive. If the organism survives, it becomes abnormal. 

r during mitosis. The early aneuploid condition is 
transfered to many of cells by the process of mitosis. It has greater effect on the 
organism. Aneuploid variations normally results in disorders such as mental 

A condition in which an organism has more than two complete sets of chromosomes 
The natural occurrence of polyploids in the animal kingdom is 

extremely rare such as triploid, tetraploid. But polyploidy can be induced 

diploid, triploid and tertraploid sets of 
chromosomes. Triploid and tetraploid chromosomes are examples of polyploidy.  

F CHROMOSOME 

Deficiency, duplication, inversion and translocation take place for change for 
It includes mutations involving chromosomal breaks. 

attach other than original position. 
chromosome is 

or part has been exchanged 
It results in chromosome having different gene sequences, 

multiple copies or some missing genes. Many environmental factors including 
or the induction of 
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these changes. Effects maybe mild or severe, depending on the amount of genetic 
material duplicated or lost. The upset in number of sex chromosomes apparently 
interferes with reproductive success. Asexual reproduction often accompanies 
polyploidy. Altered chromosome's structure takes several forms (Figure 6.23). 
 
Deletion: It is due to the missing or deletion of the chromosomal part. Some of 
the disorders in humans include Wolf-Hirschhorn syndrome due to partial 
deletion of the short arm of chromosome 4 and Jacobsen syndrome which is due 
to terminal 11q deletion. 
 

Duplication: It is due to the duplication of chromosome part, resulting extra 
genetic material. It includes Charcot-Marie-Tooth disease type 1A due to gene 
duplication with peripheral myelin protein 22 (PMP22) on chromosome number 17. 
 

Translocation: It is due to exchange of chromosomal part with other. 
 

Inversion: It occurs when chromosome portion broken off, turned upside down or 
re-attached with the reversal of genetic material. 
 

Insertion: Chromosomal portion deleted from one chromosome and inserted into 
another. 
 

Ring formation: Chromosomal part  broken off and forming circle or ring. It 
happens with or without the loss of genetic material. 
 

Iso-chromosome: It forms due to mirror image copy of chromosomal segment 
including the centromere. 
 

 
 
Figure 6.23: Chromosomal Structural Abnormalities. Translocation, deletion, 
inversion,and others illustrated in diagram are chromosomal structural abberrations. 
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Activity 4: Make models showing different DNA mutations and various factors 
affecting them. 

 
SELF ASSESSMENT QUESTIONS 
 
Q:  Fill in the blanks. 
i.  Any numerical or structural change in the usual chromosome complement of 

a cell or organism is called chromosome ……………….. (Abberation) 
ii.  If the presence of chromosome is in tetrad form in the fertilized egg, the 

aneuploid cell is called ………………..  (Tertrasomics) 
iii.  Aneuploidy is mostly caused by ……………….. (Non-disjunction) 
iv۔ is a form of aneuploidy with only one chromosome from pair.(Monosomy) 
v.  Partial monosomy also known as ……………….. (Monosomy 1p36)  
 
Q: Answer the following. 
i.  Write various types of aneuploidy. 
ii.  What is chromosomal aberration? 
iii.  What is nullisomic? 
iv.  What is mosaic trisomy? 
v.  What is non-disjunction? 
 
Q: Choose the correct answer.  
i.  Cri du chat is the cause of……………….. 

a.  Duplication 
b.  Deletion  
c.  None of a and b 

ii.  The exchange of chromosomal part with other 
a.  Translocation 
b.  Inversion 
c.  Deletion 

iii.  It forms due to mirror image copy of chromosomal segment including the 
centromere. 

 a.  Translocation 
 b.  Inversion 
 c.  Iso-chromosome 
iv.  Triploid and tetraploid chromosomes are examples of ……………….. 
 a.  Euploidy 
 b.  Polyploidy 
 c.  Aneuploidy 
v.  In tetrasomic, after fertilization, the resulting fetus receives ………………..  

chromosomes instead of the normal 46 
 a.  48  
 b. 50 
 c.  46 
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Key Points/Summary 
 
1.  DNA is hereditary material while RNA participates in protein synthesis. 

Nucleotides are building blocks consisting of nitrogenous base, phosphate 
and pentose sugar. DNA replication is semi-conservative resulting formation 
of two daughter strands from one original copy of DNA. 

2. Mitosis maintains the parental number of chromosomes constant in each in 
each daughter cell while Meiosis reduces chromosome number to half. 

3.  Changes in DNA and chromosomes include point mutations, which changes 
DNA bases and changes in chromosomes number and structure. 

 
SELF ASSESSMENT QUESTIONS 
 
Q: Answer the following questions: 
1.  Write a note on nucleosome and its organization. 
Ans:  See introduction. 
2.  Write about morphology of chromosome. 
Ans:  See introduction. 
3.  Explain processes of cell division by mitosis and meiosis. 
Ans:  See 6.2. 
4.  What do you meant by cell cycle?  
Ans:  See 6.3. 
5.  Write note on various chromosomal abnormalities on basis of number as 

well structure. 
Ans:  See 6.4. 
 
Q: Fill in the blanks with appropriate answers. 
 is the highly dispersed state of chromosomes while its ..……………… ۔1

condensed form is called ………………..  (Chromatin, Chromosome) 
2.  DNA and histones aggregate to form ………………..  which influences 

gene expression. (Nucleosome) 
3.  Inactive parts of chromosome represents ………………region while active 

portions shows………………..  (Heterochromatin, Euchromatin) 
4.  ……………….. is division of nucleus while ……………………….is 

related to division of Cytoplasm. (Karyokinesis, Cytokinesis) 
5.  The process of sperm formation is ………………….while egg formation in 

ovaries is called …………………. (Spermatogenesis, Oogenesis) 
 
Activity 5: Study about various structural and functional chromosomal 
abnormalities due to change in number and structure of chromosome. 
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INTRODUCTION 
 
Genetics is the seventh unit of biology-III. Where introduction, scope, and brief 
history of genetics, Mendelian inherentance is discussed. Back cross, test cross, 
dominance and linkages and crossing over are illustrated. Self assessment 
questions and activities are given where necessary. 

 
OBJECTIVES 

 
After completion of this unit you will be able to: 
 to understand the classical genetics principles which explains inheritance 

patterns of most of the animal traits such as dominance, segregation and 
independent assortment. 

 demonstrate Patterns of inheritance must be observed at organism level and 
its expression at molecular level.  

 to know that alternative forms of gene existing in population could interact 
in different ways. 

 demonstrate incomplete dominance and crossing over. 
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7.1  INTRODUCTION, SCOPE AND BRIEF HISTORY OF 
GENETICS 

 
Genetics is a branch of biology concerned with the study of genes, genetic 
variation, and heredity in organisms. 

 
Scope of Genetics 
Genetics is divided into two parts: Classical and Mendelian genetics. 

 
(a)  Classical Genetics 
 The techniques and methodologies of genetics are called classical 

genetics. It gives rise to molecular biology. The discovery of the genetic 
codes and tools of cloning like restriction enzymes open new areas of 
genetics. Classical genetic includes: 

 
1.  Behavioral genetics: The study of the influence of varying genetics on 

animal behavior is called behavioral genetics. Behavioral genetics studies 
the effects of human disorders as well as its causes. 

 
2.  Clinical genetics: It includes the training of geneticists to diagnose. treat, 

and counsel patients with genetic disorders or syndromes. 
 
3.  Molecular genetics: Molecular genetics focuses on the structure and 

function of genes at a molecular level. Molecular genetics employ’s the 
methods of both classical genetics (such as hybridization) and molecular 
biology. 

 
4.  Population, quantitative and ecological genetics: Population, quantitative 

and ecological genetics are all sub fields of classical genetics. 
 
5.  Genomics: The study of large-scale genetic patterns across the genome is 

genomics. 
 
6.  Genetic engineering: The manipulation of genes is called genetic 

engineering. It is also a sub field of classical genetic. 
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(b)  Mendelian inheritance (Mendelian genetics or Mendelism) 
 The genetics which governs the transmission of hereditary characteristics 

from parent to their children is called Mendelian inheritance. This genetics 
was initially derived from the work of Gregor Mendel published in 1865 and 
1866. This work was “rediscovered” in 1900. Thomas Hunt Morgan 
integrated the chromosome theory of inheritance. This theory became the 
core of classical genetics. 

 
History of Genetics 
Mendel’s laws: The laws of inheritance were derived by Gregor Mendel. He was 
19th century Austrian monk. He was conducting plant hybridity experiments. 
Between 1856 and 1863, he cultivated and tested some 28,000 pea plants. His 
experiments brought firth two generalizations. They later became known 
as Mendel’s Laws of Heredity or Mendelian inheritance. These are described in 
his paper “Experiments on Plant Hybridization”. It was read to the Natural History 
Society of Brno on February 8 and March 8. 1865 and was published in 1866. 
 
Rediscovery of Mendel’s laws: Menders results were largely neglected. Even 
Mendel himself did not see their ultimate applicability. He thought they were only 
applied to certain categories of species. In 1900, however, the work was “re-
discovered” by three European scientists, Hugo de Vries, Carl 
Correns, and Erich von Tschermak. The exact nature of the “re-discovery” has 
been debated: De Vries published first on the subject. Correns pointed out 
Mendel’s priority after reading De. Vries’s paper. 
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Role of William Bateson: The most vigorous promoter of Mendel’s law in 
Europe was William Bateson. He used the term “genetics”, “gene”, and “allele”. 
The model of heredity was highly opposed by other biologists. There were two 
objections on Mendel’s work: 
 
According to Mendel’s law heredity was discontinuous. But according to these 
biologists continuous variation are observable. 
 
Many biologists also dismissed the theory because they were not sure it would 
apply to all species. There seemed to be very few true Mendelian characters in 
nature. 
 
4.  Work of R.A. Fisher: However later work R.A. Fisher showed that 

multiple Mendelian factors were involved for individual traits. These 
multiple traits can produce a large number of results observed in nature. 

 
5.  Thomas Hunt Morgan and his assistants later integrated the theoretical 

model of Mendel with the chromosome theory of inheritance. It proved that 
chromosomes of cells hold the actual hereditary particles. They create 
classical genetics. It finally proved Mendel’s work. 

 
1. Timeline of Notable Discoveries 
 
1859 Charles Darwin publishes The Origin of Species 
 
1865 Gregor Mendel’s paper, Experiments on Plant Hybridization  
 
1903 Chromosomes are discovered to be hereditary units 
 
1906 The term “genetics” is first introduced publicly by the British biologist 
William Bateson at the Third International Conference on Genetics in London. 
England. 
 
1910 Thomas Hunt Morgan shows that genes reside on chromosomes, and 
discovered linked genes on Chromosmes that do not follm. Mendel’s law of 
independent allele segregation 
 
1913 Alfred Sturtevant makes the first genetic map of a chromosome 1913 Gene 
maps show chromosomes containing linear arranged gencs 
1918 Ronald Fisher publishes On the correlation between relatives on the 
supposition of Mendelian inheritance – the modem synthesis starts. 
 
1927 Physical changes in genes are called mutations. 
 
1928 Frederick Griffith dbcovers a hereditary molecule that is transmissible 
betwee i bacteria (see Griffiths experiment)  
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1931 Crossing over is the cause of recombination (see Barbara McClintock and 
cytogenetics) 
 
1941 Edward Lawrie Tatum and George Wells Beadle show that genes code for 
proteins: see the original central dogma of genetics 
 
1944 Oswald Theodore Avery, Colin McLeod and Maclyn McCarty isolate DNA 
as the genetic material (at that time called transforming principle) 
 
1950 Erwin Chargaff shows that the, four nucleotides are not present in nucleic 
acids in stable proportions, but that some general rules appear to hold (e.g.. the 
nucleotide bases AdenineThym Inc and (.’ytosine-Guanine always remain in 
equal proportions). Barbara McClintock discovers transposons in maize 
 
1952 The Hershey-Chase experiment proves the genetic information of phages 
(and all other organisms) to be DNA 
 
1953 DNA structure is resolved to be a double helix by James D. Watson and 
Francis Crick, with the help of Rosalind Franklin 
 
1956 Jo Hill Tjio and Albert Levan established the correct chromosome number 
in humans to be 46 
 
1958 The Meselson-Stahl experiment demonstrates that DNA is 
semiconservatively replicated 
 
1961 The genetic code is arranged in triplets 
 
1964 Howard Temin showed using RNA viruses that Watson’s central dogma is 
not always true 
 
1970 Restriction enzymes were discovered in studies of a bacterium. 
Haemophilus influenzae, enabling scientists to cut and paste DNA 
 
1977 DNA is sequenced for the first time by Fred Sanger, Walter Gilbert. and 
Allan Maxam working independently. Sanger’s lab complete the entire genome of 
sequence of Bacteriophage (1)-X 74:. 
 
1983 Kary Banks Mullis discovers the polymerase chain reaction enabling the 
easy amplification of DNA 
 
1985 Alec Jeffreys discovers genetic finger printing. 
 
1989 The first human gene is sequenced by Francis Collins and LapChee Tsui. It 
encodes the CFTR protein. Defects in this cause cystic fibrosis 
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1995 The genome of Haemophilus influenzae is the first genome  free living 
organism to be sequenced 
 
1996- Saccharomyces cerevisiae is the first eukaryote genome sequence to be 
released 
 
1998 The first genome sequence for a multicellular eukaryote. C. elegans is 
released 
 
2001 First draft sequences of the human genome are released simultaneously by 
the Human Genome Project and Celera Genomics. 
 
2003 (14 April) Successful completion of Human Genome Project  with 99% of 
the genuine sequenced to a 99.99% accuracy 2006 Marcus Pembrey and Olov 
Bygren publish Sex-specific, male-line transgenerational responses in humans, a 
proof of epigenetics. 
 

7.2  MENDELIAN INHERITANCE, LAWS OF SEGREGATION 
AND INDEPENDENT ASSORTMENT 

 
Gregor Joha Mendel formulated two laws of heredity: 
 
(a)    Law of segregation 
 
(b)    Law of independent assortment. 
 Mendel presented his findings to Brunn Society for the study of Natural 

Science in 1865. His work was published in 1866. Thus he started classical 
genetics. His work remained neglected for 34 years. In 1900 three 
botanists; Correns, De Varies and Tschernimach rediscovered his work 
independently after 16 years of his death. 

 

1.  Choice of Material for Experiments 
 He performed series of breeding experiments on garden pea Pisum 

sativum in his monastery garden. lie did experiment for eleven years (1854 
– 1865). Mendel used Pisum sativum for his experiments due to following 
reasons: 

 It is easy to cultivate and it grow well in his garden. 
 Its flowers are hermaphrodite. (Fig 7.1) 
 It was normally self-fertilizing. But it can also be cross-fertilized. (Fig 7.2) 
 The time gap between generations of pea is short. So Mendel can produce 

many generations of pea within a short period of time. Pea has many sharply 
distinct traits. Each trait had two clear cut alternative forms or varieties. For 
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example seed shape has a round or wrinkled phenotype. Similarly plant 
height may be tall., or short. Seed colour may be yellow or green. Mendel 
called them contrasting pair of a trait. He focused on seven such pairs. 
(Table 7.1) 

 

 
Figure 7.1: Flower of pea. Mature and Immature Seed are Shown. 

 
Figure 7.2: Artificial Cross Fertilization in Pea. Stamens were Removed from 
Purpe Coloured Flowers and Transferred to White Flowers. 
 

2.  Formation of True Breeding Varieties 
 A variety which always produces offspring identical to the parents by self- 

fertilization is called true breeding variety. For example, a true breeding 
round seed plant produced only round seeds. Similarly, a true breeding 
wrinkled seed plant produced only wrinkled seeds. Mendel established true 
breeding lines or varieties for each trait. 
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3.  Types of Crosses 
Mendel used two types of crosses to prove his law of segregation and law of 
independent assortment. 
(a)  Monohybrids and Monohybrid Cross: The offspring produced by 

the cross fertilization between two plants differing in one character are 
called monohybrids. The cross in which one trait is followed at a time 
is called monohybrid cross. Mendel formed 14 pure-breeding lines of 
seven characters. Then he cross-fertilized plants that differed in only 
one character. The offspring of such a cross were called monohybrids. 
He crossed a true breeding round seed male plant with a true weeding 
wrinkled seed female plant. Mendel used monohybrid cross to prove 
his law of segregation. 

 
(b)     Dihybrids and Dihybrid Crosses: The offspring produced by the 

cross fertilization between two plants differing in two characters are 
called dihybrids. The cross in which two traits is followed at a time is 
called dihybrid cross. Mendel used dihybrid cross to prove his law of 
independent assortment. 

 
4.  Different Terms Described by Mendel 
 Mendel used following terms in his experiments: 
 (a) Parental Generation (P1):  
  When two pure line parents are crossed with each other, they are 

called first parental generation (P1). The round seed plant and 
Wrinkle seed plant are PI generations. 

 (b) First Filial Generations (F1):  
  The offspring of P1 generation are called F1 or first filial generation. 

All F1 offspring were round like one of the parents. Wrinkled 
phenotype did not appear at all. Round dominated wrinkled. Its 
dominance was complete because no offspring intermediate between 
parents was found. 

 (c) Dominant and Recessive Trait:  
  The trait that appears in F1 is called dominant trait or allele. The trait 

which is masked in F1 is called recessive trait or allele. 
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                                   Table 7.1: Contrasting Pair of Traits By Mendel. 
 
Mendel’s Law of Segregation 
 
It states that two coexisting alleles for each trait in an individual segregate from 
each other during meiosis and each gamete receives only one of the two alleles 
not both. Mendel’s law of segregation has four parts: 
 
1.  Alternative versions of genes cause variations in inherited 

characters. This is the concept of alleles. Alleles are different versions 
of genes that produce the same characteristic. Each human has a gene that 
controls eye color. But there are variations among these genes in accordance 
with the specific color the gene. 

 
2.  For each characteristic, an organism inherits two alleles, one from each 

parent. This means that when somatic cells are produced from two gametes, 
one allele comes from the mother, one from the father. These alleles may be the 
same true-breeding organisms, e.g. ww and rr, or different hybrids e.g; wr.  

 
3.  If the two alleles differ, then one, the dominant allele, is fully expressed 

in the organism’s appearance. The other, recessive allele, has no effect on 
the organism’s appearance. In other words, the dominant allele is expressed 
in the phenotype of the organism. 
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4.  The two alleles for each character segregate during gamete 
production. This is the last part of Menders generalization. The two alleles 
of the organism are separated into different gametes, ensuring variation. 

 
Exceptions in Mendel’s law of Segregation: 
During his experiments, Mendel encountered some traits that did not follow the 
laws he had encountered. These traits did not appear independently. They always 
came together with at least one other trait. Mendel could not explain this. So he 
did not mention it in his work. Today, we know that these traits are linked on the 
same chromosome. 

 

Crosses to Prove Law of Segregation 
 
(a)  Cross between Green and Yellow Pods 
 1.  F1 cross: Mendel crossed two true breed parental generations of green 

and yellow pods. He obtained green pods in F1. It means that green pod 
is dominant overt yellow pod. 

 2.  F2 cross: Mendel than inter crossed F1 progeny. He obtained F2 
progeny. It gave 428 green pod plants and 152 yellow pod plants. They 
were present in 3:1 (Figure 7.3 A). 

 3.  Test cross: Then Medal test crossed the green pod plants. He found 
that 283 green pod plants produced green and yellow pod in 1:1 ratios. 
But 144 green produced only green. It means that 283 plants were 
heterozygous green pod and 144 were homozygous green pod. Thus 
the phenotypic ratio of F2 is as: 1 (homozygous green): 2 
(heterozygous green): 1(homozygous yellow). 

  F3 Cross: Mendel also intercrossed the F2 progeny. He found that 2/3 
of green pods of F2 behaved as F2 progeny (3:1 ratio). But 1/3 of 
green pods of F2 produce only green pods. The intercross of yellow 
pods of F2 always produces yellow pods. 

 
(b)  Cross between Purple White Flowers 

In this cross, Purple flower was crossed with white flower. In F1, all purple 
flowers were produced. It indicates that purple is dominant over green. 
F1 progeny was intercrossed. It gave typical Mendelian ration 3: 1 (Figure 
7.3 C). 
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Figure 7.3: Mendel’s law of Segregation (A) Green and yellow pods were 
crossed (B) Test cross (C) Cross between purple yellow flowers 
 
Activity 1: Study about Genetics activity and an analysis of the genetics of sex 
determination, which helps to understand the probabilistic nature of inheritance 
and the strengths and limitations of Punnett squares as models of inheritance. 
 

SELF ASSESSMENT QUESTIONS 
 
Q: Fill in the blanks. 
i.  ……………. is a branch of biology concerned with the study 

of genes, genetic variation, and heredity in organisms. (Genetics) 
ii.  Charles Darwin publishes …………….  (The Origin of Species) 
iii.  The manipulation of genes is called ……………. (Genetic engineering) 
iv.  When two pure line parents are crossed with each other, they are called first 

……………. (Parental generation,  P1).  
v.  A variety which always produces offspring identical to the parents by self- 

fertilization is called ……………. (True breeding variety) 
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Q: Answer the following. 
 
i.  What do you know about law of segregation? 
ii.  Differentiate classical and mendelian genetics. 
iii.  Differentiate monohybrid and dihybrid cross. 
iv.  What is mendelian inheritance? 
v.  What is clinical genetics? 
 
Q: Choose the correct answer.  
i.  Cross involving only one pair of gene and single trait is 

a.  Monohybrid 
b.  Dihybrid 
c.  None 

 
ii.  An organism having two identical genes for any given trait is said to be 

a.  Homozygous 
b.  Heterozygous 
c.  Both a and b 

iii.  The offspring of P1 generation are called  
 a.  F1 or first filial generation 
 b.  F2 or second filial generation 
 c.  None 
 
iv.  The trait that appears in F1 is called  
 a.  Recessive 
 b.  Dominant  
 c.  None 
 
v.  Number of contrasing pair of characters studied by Mendel 
 a.  6 
 b. 7 
 c.  8 
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7.3  LAW OF INDEPENDENT ASSORTMENT 
 
It states that, when two contrasting pairs of trait are followed in the same cross, 
their alleles assort independently into the two gametes and the distribution of 
alleles of one trait into gametes has no influence on the distribution of alleles of 
the other trait. Alleles of one pair inherit independently of alleles the other pair. 
Thus the chance for a plant to be rounded or wrinkled is independent of its chance 
of being yellow or green. 
 
Proof of Law of Independent assortment by Dihybrid Cross 
Mendel studied each trait separately. He then decided to study the inheritance of 
two traits. Thus he used seed shape and seed colour. Seed shape could be round or 
wrinkled. Similarly, seed colour could be yellow or green. 
 
(a)  Cross between round yellow seed and wrinkled green seed 
 F1 cross: Mendel crossed true breeding round yellow seeds with wrinkled 

green seeds. All the F1 dihybrids were round yellow. So round yellow is 
dominant over wrinkled green. 

 F2 cross: Then he self-fertilized the F1 dihybrids. The result was quite 
different. The F2 progeny gives 9:3:3:1 phenotypic ratio. Plants produced 
two types of F2 progeny: 

 (a)    The two parental combinations, i.e., round yellow seeds and wrinkled 
green seeds. 

 b)    Two new phenotypic combinations, i.e round green  and wrinkled 
yellow (Figure 7.4 A). 

 
(b)  Cross between Tall purple flower and small white flower 
 True breed tall plant with purple flower was crossed with small plant with 

white flower. All were tall purple in F1. In F2 they gave ratios as 9 (tall 
purple): 3 (tall white): 3 (small purple): 1 (small white) (Figure 7.4 B). 
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Figure 7.4: Law of Independent Assortment (A) Cross yellow round seeds with 
wrinkled green seeds (B) Cross between purple tall flowers with white small 
flowers 

 
7.4  BACK CROSS 
 
The cross (a hybrid) with one of its parents or with an individual genetically 
identical to one of its parents is called back cross. This cross is used to obtained 
inbred backcross lines. Inbred backcross lines (IBLs) in plant are lines (i.e. 
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populations) of plants derived from the repeated backcrossing of a recombinant 
line with the wild type. It includes some kind of selection that can be 
phenotypical. Repeated back cross ultimately gives genetic pure lines. 
 
Examples 
 
Mendel obtained heterozygous tall in F1. It was heterozygous or hybrid. Mendel 
wanted to obtain its pure lines. Therefore, he crossed these hybrids with one of the 
parental generation (P1). 
 
Back Cross of Pure Tall (TT) With Pure Dwarf (Tt) Plants 
 
Pure tall plant is crossed with pure dwarf plant. The progeny of Backcross I is 
again crossed with parental generation (P1). All tall are obtained. It means that 
pure line of that character has been obtained. It does need further back crossed. 
This cross gives 50% homozygous tall and 50 % heterozygous tall (Figure 7.5). 
 

 
 
Figure 7.5: Back Cross. Cross between pure tall (TT) with pure dwarf (tt) plants 
gives 1:1.  

 
Activity 2: Students analyze the results of independent assortment, crossing 
over and fertilization to learn how meiosis and fertilization contribute to 
genetic and phenotypic variation.  
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7.5  TEST CROSS 
 
The cross between dominant phenotype with the recessive of that individual for 
determination the genotype of that individual is called test cross. Mendel used 
test cross to test the genotype of an individual of dominant phenotype. An 
individual showing a dominant phenotype is crossed with an individual showing 
its recessive phenotype. This cross is used finds out the homozygous or 
heterozygous nature of the genotype. A phenotypically round seed can be 
homozygous (RR) or heterozygous (Rr) (Figure 7.6). 
 

 
 
Figure 7.6: Test Cross. The progeny of test cross includes dominant and 
recessive phenotypes in a ration of 1:1. 
 

7.6  DOMINANCE AND INCOMPLETE DOMINANCE 
 
Dominance is a physiological effect of an allele over its partner allele on the 
same gene locus. In genetics, dominance relationship refers to how the alleles 
for a single locus interact to produce a phenotype. For example, flower color in 
sweet peas (Lathyrus odoratus) is controlled by a single gene with two alleles. 
The three genotypes are PP, Pp, and pp. The flower color for PP (purple) 
and pp (white) do not depend on the dominance relationship. However, the 
heterozygote Pp can have many different colors: purple, white or pink. The exact 
color it has reflects the dominance relationship. 
 
The dominant/recessive relationship is made possible by the fact that higher 
organisms are diploid. Most of their cells have two copies of each chromosome, 
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one copy from each parent. Polyploid organisms have more than two copies of 
each chromosome, and follow similar rules of dominance. 
 
Humans carry 46 chromosomes (23 pairs). They have single sex chromosome and 
22 autosomes coming from each parent. Each chromosomal pair has the same 
genes. The specific variations are possible for a single gene. For example, a single 
eye-color gene contains a blue eye allele, a brown eye allele, a green eye allele 
etc. Consequently, a child may inherit a blue eye allele from their mother and a 
brown eye allele from their father. The dominance relationships between the 
alleles control which traits are and are not expressed. 
There are three kinds of dominance relationships: 
(a)    Simple dominance 
(b)    Incomplete (partial) dominance 
(c)    Co-dominance 
 
Traits inherited in a dominant-recessive pattern follow Mendelian inheritance. 
 
(a)  Simple Dominance 
 Consider the simple example in peas of flower color. It was first studied by 

Gregor Mendel. The dominant allele is purple and the recessive allele is 
white. In a given individual, the two corresponding alleles of the 
chromosome pair has one of the three patterns: 

 both alleles purple 
 both alleles white 
 one allele purple and one allele white 
 
 If the two alleles are the same (homozygous), the trait will be expressed. But 

if the individual carries one of each allele (Heterozygous), only the 
dominant one will be expressed. The recessive allele will simply be 
suppressed. Dominant traits are recognized by the fact that they do not skip 
generations like recessive. It is possible two parents with purple flowers 
have a white flowers in their progeny. But two such white offspring cannot 
have purple offspring. In this situation, the purple individuals in the first 
generation must have been heterozygous. 

 

Human Traits Governed by Dominance 
(a)    Examples of dominant genes include the tumor supressor genes BRCA-1 

and BRCA-2. Mutations in these genes lead to the development of breast 
cancer. It disables tumour-suppressing functions of the proteins. 

(b)   Another example of an autosomal dominant disorder is Huntington’s 
disease. It is a neurological disorder. The mutant gene results in an 
abnormal protein. This protein contains a large number of amino acid 
glutamine. This defective protein is toxic to neural tissue. It causes 
characteristic symptoms of the disease. 



205 
 

Some Genetic Diseases Carried by Dominant and Recessive Alleles 
Disease                            Gene is… 
Polydactyl ism                  dominant 
Marfan syndrome              dominant 
Tay-Sachs disease            recessive 
 
(b) Incomplete Dominance 
 The dominance in which phenotype of the heterozygote is intermediate between 

the phenotypes the two homozygote called incomplete or partial dominance. 
 Incomplete dominance was studied by Carl Correns in 1899. He worked on 

flowering plants at 4 0′ clock. He crossed the true breeding red flower with 
the white flower. The F1 hybrids produced pink flowers. This new 
phenotype had a shade intermediate between both parent plants. Thus these 
flowers have an intermediate amount of pigment in petals. Then, Correns 
self-fertilized F1 pink. The F2 showed all three phenotype of flowers. Their 
ratio was I red 2 pink I white flowers. Red was homozygous for red alleles 
and white was homozygous for white alleles. Allele R and r were present in 
heterozygous condition. But none of them masked the effect of other. Rather 
these alleles showed incomplete dominance in the form of pink colour. 
There is no truly dominant allele. So the use of capital and small letter for 
dominant and recessive are not necessary. Both the alleles are represented 
by the same letter R. But they are represented differently to distinguish 
white from red. Allele for red is designated as R and the allele for white r. 
Punnett square indicate that the phenotypic ratio is the same as the 
genotypic ratio. There is no need of a test cross in this case (Figure 7.7). 

 
Application of Mendel’s Principle on Incomplete Dominance  
There is blending of flower colours in F1. So it seems against the law of 
segregation of Mendel. But red and white flowers reappear in F2. It 
indicates that blending does not occur at genetic level. The 1:2:1 ratio in F2 
shows that the law of segregation is applied on incomplete dominance. 

 
Figure 7.7: Incomplete Dominance. Red and white flowers were crossed which 
produce pink floers which then after self fertilization produces red, pink and white 
flowers in the ratio of 1:2:1 respectively. 
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(c) Co-dominance 
 The dominance in which both alleles of a gene expressed in a heterozygous 

condition are called co-dominant. In co-dominance, neither phenotype is 
dominant. Instead, the individual expresses both phenotypes. 

 
Example I: The most important example is in Landsteiner blood types. The gene 
for blood types has three alleles. A, Band i. i causes 0 type and is recessive to both 
A and B. When a person has both A and B, they have type AB blood. 
Example 2: Another example involves cattle. If a homozygous bull and 
homozygous cow mate (one being red and the other white), then the calves 
produced will be roan-colored, with a mix of red and white hairs. 
 

Activity 3: Students learn about dominace, co-dominance and incomplete 
dominance of a single gene. 

 

 
Self Assessment Questions 
 
Q: Fill in the blanks. 
 
i.  The fruit fly…………………. is classical tool to study inheritance patterns. 

(Drosophila melanogaster) 
ii.  Examples of dominant genes include the………………………. tumor 

supressor genes  
iii.  The trait which is masked in F1 is called ……………. (Recessive trait) 
iv.  Presence of………….. allele does not mean that …………. allele is turned 

off. (Dominant, Recessive) 
v.  The phenomenon in which heterozygote expresses the phenotypes of 

both homozygote is called ………………. (Co-dominance) 
 
Q: Answer the following. 
i.  How independent assortment could be interpreted by meiosis? 
ii.  How will you differentiate F1 and F2 generations? 
iii.  What is dominant and recessive trait 
iv.  What is Huntington’s disease? 
v.  What is dominance? 
 
  



207 
 

Q: Choose the correct answer.  
i.  When alleles of more than one trait are followed together in cross, the 

alleles of these traits assort independently to each other during gamete 
formation is the law of 
a.  Segregation  
b.  Independent assortment 
c.  Both a and b 

 
ii.  The cross (a hybrid) with one of its parents or with an individual genetically 

identical to one of its parents is called 
a.  Back cross 
b.  Test cross 
c.  None of a and b 

iii.  The cross between dominant phenotype with the recessive of that individual 
for determination the genotype of that individual is called  
a.  Back cross 
b.  Test cross.  
c.  None of a and b 

iv.  When interaction between two alleles is expressed more or less equally with 
differentiation among heterozygote and homozygote, it is called  

 a.  Incomplete dominance 
 b.  Co-dominance 
 c.  None 
v.  There are three kinds of dominance relationships 
 a.  Three 
 b. Two 
 c.  Four 
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7.7  SEX LINKED INHERITANCE, SEX LINKAGE IN DROSOPHILA 
AND MAN (COLOUR BLINDNESS) XO, XY, WZ MECHANISMS, 
SEX LIMITED AND SEX LINKED CHARACTERS, SEX 
DETERMINATION 

 
The inheritance of a trait (phenotype) that is determined by a gene located on one of 
the sex chromosomes is called sex linked inheritance. The expectations of sex-
linked inheritance in any species depend on how the chromosomes determine sex. 
For example, in humans, males are heterogametic. It has one X chromosome and 
one Y chromosome. But females are homogametic. They two X chromosomes. In 
human males, the entire X chromosome is active. But one of a female’s X 
chromosomes is largely inactive. Random inactivation of one X chromosome 
occurs during the early stages of female embryogenesis. Therefore, every cell that 
forms from a particular embryonic cell has the same X chromosome inactivated. 
This pattern of sex determination occurs in most vertebrates, but in birds and many 
insects and fish the male is the homogametic sex. 
 
In general terms, traits determined by genes on sex chromosomes are not different 
from traits determined by autosomal genes. Sex-linked traits are distinguishable 
by their mode of transmission through successive generations of a family. In 
humans it is called X-linked or Y-linked inheritance. 
 

1.  X-linked recessive Traits: These are expressed in all heterogametic 
and homogametic which are homozygous for the recessive allele. An 
example is the sex-linked recessive is horns in sheep that appear only in 
males. The recessive phenotypes of such genes are more common in males 
than in females. The examples of X-linked recessive trait in human are 
Color blindness, Duchenne muscular dystrophy, Hemophilia. 

 
 Males are affected almost exclusively 
 Transmission occurs through carrier females to their sons 
 Male-to-male transmission does not occur 
 Affected males are at risk of transmitting the disorder to their grandsons 

through their carrier daughters  
 X-linked recessive, carrier mother (Figure 7.8). 
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Figure 7.8: X-linked Recessive Trait. Carrier mother transmit disease to her son.  
 
X-linked dominant inheritance: Pattern of X- linked dominant inheritance is 
different from X- linked recessive. It is more common in females than males. All 
daughters are affected by their father. But none of his sons are affected. A 
heterozygous affected mother passes the trait equally to half of her sons and half 
of her daughters. Hypophosphatemic rickets is an X-linked dominant trait. It is a 
rare hereditary disease. It is different from common dietary rickets. Other 
examples of X-linked dominant traits are Retinitis pigmentosa and Rett syndrome. 
 
Y- linked trait: The genes present on the Y chromosomes are called Y-linked 
genes and their traits are called Y-linked traits. Y chromosome is not completely 
inert it carries a few genes. These genes have no counterpart on X chromosome. 
Example: SRY gene is present on Y chromosome of man. It determines 
maleness. Y-linked traits are found only in males. These traits directly pass 
through Y chromosome from father to son only. Females do not inherit Y 
chromosome. So such traits can not pass to them. 

 
X and Y-linked Traits: The genes present on both X and Y chromosomes 
are called X and Y linked genes. For example, the bobbed gene in Drosophila are 
present on X and Y both. The pattern of inheritance of X and Y linked gene is like 
autosomal genes. So these are also called pseudoautosomal genes. 
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Sex Linkage in Drosophila (Reciprocal Cross & Test Cross) 
 
Thomas Hunt Morgan (1910) discovered sex linkage in fruit fly Drosophila. It 
supported the chromosomal theory of heredity. Morgan developed cultures of 
Drosophila flies. He studied different traits like colour of the eye. Normal fruit 
flies or wild type have bright red eyes. One of his coworkers Calvin 
Bridges discovered a white eye mutant fly. 
 
Cross 1: Morgan mated this white eyed male with a wild type red eyed female. 
All offspring of this cross had red eyes. Thus red eye is a dominant trait. 
 
Cross 2: Morgan then allowed males and females of F1 generation to mate 
and produce F2 generation. There was following progeny in the F2 with 
ratio 2:1:1. 
red-eyed females, 
red-eyed males 
white eyed males. 
 
Morgan obtained three strange results from this cross: 
(i) The proportion of red eyed to white eyed flies was 

not in 3:1. Thus this cross does not follow the Mendelian ratio. 
(ii) The number of recessive phenotype individuals was too 

small. All the white-eyed flies were only males. There was no white 
eye female in F2 generation (Figure 7.9 A). 

 
Cross 3: Test cross 
Morgan wanted to test his hypothesis. He crossed the P1 white eyed male (X 
Y) with the red eyed heterozygous female from F1 generation. This test 
cross produced: 
red-eyed females 
red-eyed males 
white-eyed females 
white eyed males. 
White-eyed flies were less viable than red-eyed flies. Half of the female 
offspring had red eyes and half had white. Similarly, half males had red 
eyes and half had white  (Figure 7.9 B). 
 



 

Cross 4: Reciprocal Cross
A cross in which the sexes of the organisms are reversed as compared to original 
cross is called reciprocal cross. 
The white eyed female can be used for further confirmatory test. Morgan mated a 
white- eyed female with a red
all male offspring had white eyes. Then these F1 red eyed females and white eyed 
males were mated to produce F2. Half of the F2 females had red eyes and the half 
had white. Similarly, half of
1:1 F1 cross was exactly like step 3 test cross. This result is also against the 
Mendelian laws. A trait whose gene is present on X chromosome is called X
linked trait. X-linked traits are commonly called
only on X chromosome has no counterpart on Y chromosome. It is called X
linked gene (Figure 7.9 C).
 

Conclusions of Morgan
Morgan concluded that the inheritance of eye colour is related to the sex of the 
offspring. Morgan proposed that:
(i)    The gene for eye colour is located on X chromosome
(ii)   The alleles for eye colour are present only on X

corresponding allele for this trait on Y
empty for genes. Thus even a sing
express itself in males. So males are hemizygous.

(iii)   Females have two X chromosomes. Both X chromosomes carry an allele of 
the trait. Females can be homozygous or heterozygous.
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Cross as a Confirmatory Test 
A cross in which the sexes of the organisms are reversed as compared to original 
cross is called reciprocal cross. White eyed female was produced in test cross. 
The white eyed female can be used for further confirmatory test. Morgan mated a 

ale with a red-eyed male. All female offspring had red eyes, and 
all male offspring had white eyes. Then these F1 red eyed females and white eyed 
males were mated to produce F2. Half of the F2 females had red eyes and the half 
had white. Similarly, half of the F2 males had red eyes and half had white. This 

cross was exactly like step 3 test cross. This result is also against the 
Mendelian laws. A trait whose gene is present on X chromosome is called X

linked traits are commonly called sex-linked traits. A gene present 
only on X chromosome has no counterpart on Y chromosome. It is called X
linked gene (Figure 7.9 C). 

Morgan 
Morgan concluded that the inheritance of eye colour is related to the sex of the 

proposed that: 
The gene for eye colour is located on X chromosome 
The alleles for eye colour are present only on X-chromosome. There is no 
corresponding allele for this trait on Y-chromosome. Y-chromosome is 
empty for genes. Thus even a single recessive allele on X chromosome can 
express itself in males. So males are hemizygous. 
Females have two X chromosomes. Both X chromosomes carry an allele of 
the trait. Females can be homozygous or heterozygous. 

 

A cross in which the sexes of the organisms are reversed as compared to original 
White eyed female was produced in test cross. 

The white eyed female can be used for further confirmatory test. Morgan mated a 
eyed male. All female offspring had red eyes, and 

all male offspring had white eyes. Then these F1 red eyed females and white eyed 
males were mated to produce F2. Half of the F2 females had red eyes and the half 

the F2 males had red eyes and half had white. This 
cross was exactly like step 3 test cross. This result is also against the 

Mendelian laws. A trait whose gene is present on X chromosome is called X-
linked traits. A gene present 

only on X chromosome has no counterpart on Y chromosome. It is called X-

Morgan concluded that the inheritance of eye colour is related to the sex of the 

chromosome. There is no 
chromosome is 

le recessive allele on X chromosome can 

Females have two X chromosomes. Both X chromosomes carry an allele of 

 



 

 

 
Figure 7.9: Sex Linkage i
red eyed female (B) Test cross (C) Reciprocal cross
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Linkage in Drosophila. (A)White eyed male with a 
red eyed female (B) Test cross (C) Reciprocal cross 

 

 

 wild type 
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Activity 4: Study about various sex-linked patterns among different 
organisms. Find out the differences and similarities. 

 
Colour Blindness 
Color blindness, or color vision deficiency, in humans is the inability to 
differentiate between some or all colors that other people can distinguish. It may 
occur because of eye, nerve or brain damage, or due to exposure to certain 
chemicals. The English chemist John Dalton in 1794 discovered colour blindness 
in man. Color blindness affects a significant number of people. It occurs in about 
8 percent of males and only about 0.4 percent of females. In the United States, 
about 10 million men and about 0.4 percent of the female population is affected 
with this disease. It has been found that more than 95 percent of all variations in 
human color vision involve the red and green receptors in male eyes. It is yen, 
rare for males or females to become blind for the blue color. 
 

Causes of Color Blindness 
The normal human retina contains to kinds of light sensitive cells: the rod cells 
(active in low light) and the cone cells (active in normal daylight). Normally, 
there are three kinds of cones. Each cone contains a different pigment. The cones 
are activated when the pigments absorb light. The absorption spectra of the 
pigments are different. 
(a)    One pigment is sensitive to short wavelengths (blue). 
(b)    One pigment is sensitive to medium wavelengths (yellow green). 
(c)    One pigment is sensitive to long wavelengths (red). The sensitivity of 

normal color vision depends on the overlap between the absorption spectra 
of the three systems. Different colors are recognized when different tnpes of 
cone are stimulated to different extents. For example, red light stimulates the 
long wavelength cones much more than either of the others. But two cone 
systems are stimulated for hue colour. The abnormalities or malfunctions in 
different kinds cone systems cause colorblindness  

 
Types of Colour Blindness 
Mutations in pigment genes cause two types of colour-blindness: 
 
Dichromat 
A dichromat can see two primary colours. But it cannot see the third colour. The 
pigments of this colour are missing due to in There are five types of mutation in it. 
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(i)    Protanopia: It is caused due to lack of long wavelength sensitive retinal 
cones. Therefore, such persons are unable to distinguish between colors in 
the green-yellow-red section of the spectrum. They have a neutral point at a 
wavelength of 492nm. Therefore, they cannot differentiate light of this 
wavelength from white. Their sensitivity to light in the orange and red part 
of the spectrum is also reduced. 

(ii)    Deutetanopia is green blindness. It is caused due to lack of medium-
wavelength cones. The affected person unable to distinguish between colors 
in the green-yellow-red section of the spectrum. Their neutral point is at a 
slightly longer wavelength 498 nm. This is one of the rarer forms of 
colorblindness. It is onIn I% of the male population. It is also known 
as Dallonism after John Dalton. 

(iii)  Protanomaly: It is caused due to mutated form of the long-wavelength 
pigment. The peak sensitivity of this pigment is at a shorter wavelength than 
in the normal retina. Protanomalous individuals are less sensitive to red 
light than normal. They are less able to discriminate colors. They cannot 
see mixed lights. Prot anomaly is a rare form of color blindness. It makes up 
about 1% of the male population. 

(iv)  Deuteranomaly: It is caused due to mutated form of the medium-
wavelength pigment. The medium-wavelength pigment is shifted towards 
the red end of the spectrum. So they have reduced sensitivity to the green 
area of the spectrum. This is the most common form of color blindness, 
making tip about 6% of the male population. 

(v) Tritoanomaly (blue yeIlow blindness): This color blindness involves the 
inactivation of the short-wavelength sensitive cone system (whose 
absorption spectrum peaks in the bluish-violet). It is called tritanopia or 
blue-yellow color blindness. Mutation of the short-wavelength sensitive 
cones is called tritanomaly. The genes for blue cones are present on 
chromosome number 7. Therefore, Jritoanomalv is not sex linked. It is 
equally distributed among males and females. 

 
Monochromat 
A monochromat can see only one colour. It is an X- linked recessive trait. It is a 
true colour-blindness. It is a blue cone monochromacy. In this case, both red and 
green cone cells are absent. Thus it is also called red-green colour-blindness. 
 
Genetics of Red-Green Color Blindness 
 
1.  Genetic red-green color blindness affects men more than women. The genes 

for the red and green color receptors are located on the X chromosome. 
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Thus men have only. one X chromosome and women have two. Such a trait 
is called sex-linked. Genetic females (46, XX) are red-green color blind only 
if both recessive alleles are present. In males (46, XY) are color blind if 
their only X chromosome is defective. 

2.  The gene for red-green color blindness is transmitted from a color blind 
male to his entire heterozygous daughters. These daughters become carrier. 
The carrier woman passes on X chromosome region to only half her male 
offspring. The sons of an affected male will not inherit the trait (Figure 
7.10). 

3.  One X chromosome is inactivated (Barr) at random in each cell during a 
woman’s development. If X chromosome of heterozygous woman, allele for 
normal pigment is inactivated, then she becomes colour blinded. 

 

 
 
Figure 7.10: Colour Blindness. Colour blind male transfer gene for red-green 
color blindness to his entire heterozygous daughters. 
 

Sex Determination 
Chromosomes representing differently in females and males with sex determining 
functions are called sex chromosomes. Chromosomes that are alike and other 
than sex chromosome are called autosomes. Work was started on the sex 
determination in the early 1900s. This work was done on insect Protenor. It gave 
evidences about the chromosomal basis for sex determination. The Protenor has 
one darkly stained chromosome. It is called the X-chromosome and behaves 
among males and females in separate forms. 
 
All males have only one X-chromosome (XO). Therefore, half sperms contains 
single X while other half contains no X-chromosomes 
All somatic (body) cells of females contains two X-chromosomes (XX). All 
female gametes contain single X. 
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This pattern suggests that if X-bearing sperm fertilize an egg it produces female 
offspring. If a sperm with no X chromosome fertilize an egg. It results in the 
production of male offspring giving 50:50 ratios of females to males in this insect 
species (Figure 7.11). 

 
Figure 7.11: Sex Determination in Protenor (Insect). (a) All females except 
gametes have two X-chromosomes. During meiosis, homologous X-chromosomes 
segregates with eggs having one X-chromosome. Male possess one X-
chromosome per cell. Meiosis results that half sperms have one X and half with 
no X (b) Fertilization results that half of all off-springs receive one X-
chromosome (Male) and half with two X-chromosomes (Female). 
 

Syetems of Sex Determination 
There are following systems of sex determination: 
1.  XO system: The system of sex determination in Protenor (insect) is called 

the XO system. It involves only one kind of chromosome. So, it is the 
simplest system for sex determination. 

2.  XY system: In the XY system, males and females contains equal number of 
chromosomes with male having XY and female with XX chromosomes. 
This system is present in many animals like man and drosophila. 

3.  ZW system: The XY system in birds and butterfly is called ZW system. In 
this case the male is XX and female is XY. 

4.  Haploid-Diplod System: Haplo-diploid is a type of  sex-determining system in 
which males develop from unfertilized eggs and are always haploid while 
females develop from fertilized eggs are diploid (Figure 7.12). 
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Figure 7.12: Sex Determination Systems. (1) sex determination among humans 
and fruit flies is same (XX = female, XY = male) (2) In some of the insects sex is 
determined by the X-O system, in which females have two X-chromosomes and 
males have only one (3) The Z-W system occurs in some birds, insects and fish. 
In this system the chromosomes found in the ovum are variable and sperm always 
contribute a Z chromosome (4) Bees and ants shows the haplo-diploid system. 
Females develop from fertilized eggs are diploid while males develop from 
unfertilized eggs are haploid.  

 

7.8 LINKAGE AND CROSSING OVER: DEFINITION, 
LINKAGE GROUPS, CONSTRUCTION OF LINKAGE 
MAPS, DETECTION OF LINKAGE 

 
The genes present on the same chromosomes are called linked gene and the 
phenomenon is called linkage. Number of genes in a cell is more than 
chromosomal number. Therefore, each chromosome contains hundreds to 
thousands of genes. These genes are part of a single chromosome. They are 
passed as a unit. Genes present on the same chromosome tend to inherit together 
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in genetic crosses. Such genes are said to be linked genes. The results of linked 
gene deviate from expected results of Mendels principle of .independent 
assortment. 
 
Morgan performed experiments on Drosophila. He studied the affect of linkage of 
the inheritance of two different characters. He followed two characters, body 
color and wing size of drosophila: 
 
Wild Type: Wild-type flies having gray bodies and normal wings. 
 
Mutants: Mutant phenotypes with black body and vestigial wings. The vestigial 
wings are much smaller than normal wings. The alleles for these traits are 
represented as: V = gray, b= black; vg + = normal wings, vg = vestigial wings. 
They are not sex linked and their loci are on autosomes. 
 
Test Cross 
Morgan crossed female di-hybrids with males. These males were mutant with 
black bodies and vestigial wings. It is a Mendelian test cross. According to 
Mendel’s law of independent assortment, Morgan’s testcross should produce four 
phenotypic classes of offspring. These classes should be equal in number: 
 
1 gray-normal (wings) 
1 black-vestigial 
1 gray-vestigial 
1 black-normal 
 
But the actual results were different with dis-proportionate number of wild-type 
(gray-normal) and double mutant (black-vestigial) flies among the offspring. 
These two phenotypes correspond to the phenotype of the two parents. Morgan 
concluded that body color and wing shape are inherited together in a specific 
combination. The genes for these two characters are located on the same 
chromosome. The other two phenotypes (gray-vestigial and black-normal) had 
much less number. These phenotypes were present among the offspring of 
Morgan’s cross. These new combinations of the two characters were formed by 
crossing over (Figure 7.13). 
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Figure 7.13: Test Cross. It is used to determine either dominant phenotype is 
homozygous or heterozygous. 
 
7.8.1 Recombination of Linked Genes: Crossing Over 
Linked genes are located on the same chromosomes. So, they do not assort 
independently. They move together during meiosis and fertilization. Therefore, 
linked genes should not recombine by the assortments of alleles. But, combination 
between linked genes occurs.    
  
(a)  The offspring of entire testcross did not give 1:1:1:1 phenotypic ratio. This 

ratio comes if the genes for these two characters present on different 
chromosomes and assort independently. 

(b)  But, if the two genes completely linked then ratio observed is 1:1. The 
parental phenotypes should be present among the offspring. 

 
The actual results are different from both these expectations. Most offsprings 
comprises parental phenotypes suggesting linkage between two genes. But almost 
17% flies were recombinants with incomplete linkage. Morgan proposed the 
process of crossing over for these different results. Crossing over breaks the 
linkage between the two genes. Crossing over occurs due to the exchange of 
chromosomal segments at prophase-I of meiosis. This exchange of non-sister 
chromatids breaks linkage in the parental chromosomes forming recombinants. 
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The recombinant brings alleles in new combinations. Distribution of recombinant 
chromosomes to gametes takes place during later stages of meiosis. 
 
Crossing over 
The exchange of segments between non-sister chromatids of homologous 
chromosomes during meiosis is called crossing over. Linked genes can be 
separated by crossing over. Two genes with closer gene loci arc strongly linked. 
There is greater chance of their separation through crossing over. 
 
Suppose, there is a single pair of homologous chromosome. The homologous 
chromosomes pair up lengthwise. This is point to point and locus to locus pairing. 
One homologue carries genes A and 13. Other homologue has a and b. 
 
Chiasmata are formed at many places between non-siste chromatids. Crossing 
over occurs at 4 strand stage between non-sister chromatids. Crossing over can 
take place at more than one place. Exchange of segments of chromosome means 
exchange of DNA, i.e. genes or alleles. There are different alleles on the non-
sister chromatids. Thus an exchange of segments causes recombination of genes. 
Allele b crosses over to homologue containing allele A. similarly allele B comes 
on the homologue of a. 
 
Then chiasmata open up during meiosis I and the homologous chromosomes are 
separated. The sister chromatids also separate from each other during meiosis II. 
Each chromatid becomes an independent chromosome. 
 
Each chromatid (chromosomes) moves singly in each four haploid gametes. Four 
types of gametes are formed: 
(a) Two gametes have parental combinations of linked genes, i.e. AB and ab. 
(b)  Two with recombination of genes, i.e. Ab and aB. 
 
Only two parental types of gametes are formed without crossing over. Parental 
types of gametes produce parental types of offspring. But recombinant gametes 
produce recombinant offspring (Figure 7.14). 
 
Examples 
Linked genes are located on the same chromosomes. So they do not assort 
independently. They move together during meiosis and fertilization. Therefore, 
linked genes should not recombine by the assortments of alleles. But, in fact, 
recombination between linked genes occurs. 
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(a) The offspring of the testcross did not give 1:1:1:1 ratio. This ratio comes if 
the genes for these two characters are present on different chromosomes and 
assorted independently. 

(b) But if the two genes were completely linked then we should observe a 1:1 
ratio. The parental phenotypes should be present among the offspring. 

 
The actual results are different from both these expectations. Most of the 
offspring had parental phenotypes. It suggests linkage between the two genes. But 
about 17% of the flies were recombinant. Thus the linkage appeared incomplete. 
Morgan proposed the mechanism of crossing over for these different results. 
Crossing over breaks linkage between the two genes. Crossing over occurs when 
homologous chromosomes are paired in synapsis during prophase of Meiosis-I. 
The non- sister chromatids break at some points and exchange fragments. A 
crossover between chromatids of homologous chromosomes breaks linkages in 
the parental chromosomes. It forms recombinant. The recombinant brings 
together alleles in new combination. The later stages of meiosis distribute the 
recombinant chromosomes to gametes. 
 
Mitotic Crossing Over 
Mitotic crossing over is a rare type of genetic recombination. It may occur in 
some types of somatic cells during mitosis., Mitotic crossover may occur in 
organisms that do not have a cycle of sexual reproduction. It can only occur in 
diploid cells and a pair of chromosomes is required for the crossover to occur. 
The mitotic crossover produce homozygous allele combinations in all 
heterozygous genes located on that chromosome arm. Thus when a mitotic 
crossover occurs, genes that were previously recessive are expressed creating a 
new phenotype. Mitotic crossover occurs in some asexually reproducing fungi, 
and in human cancer cells. 
 

 
Figure 7.14: Crossing over and recombination. Parental types of gametes 
produce parental types of offspring. But recombinant gametes produce 
recombinant offspring. 
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7.8.2 Construction of Linkage Maps  
 
A linkage map is a chromosome map of a species that shows the position of its 
known genes or markers relative to each other, rather than as specific physical 
points on each chromosome. Linkage map is different from gene map. Thomas 
Hunt Morgan observed that the amount of crossing over between linked genes is 
different. It gives the idea that crossover frequency indicates the distance 
separating genes on the chromosome. Morgan’s student Alfred 
Sturtevant developed the first genetic –map, also called a linkage map. 
 
Sturtevant proposed that the greater the distance between linked genes, the greater 
the chance of crossing over between non-sister chromatids. If number of 
recombinant is measured, then the distance between the genes can be measured. 
This distance is called a genetic map unit (m.u.) or a centimorgan. It is defined 
as the distance between genes for which one product of meiosis in 100 is 
recombinant. A recombinant frequency (RF) of 1% is equivalent to 1m.u. A 
linkage map is created by finding the map distances between a numbers of traits 
that are present on the same chromosome. Significant gaps between traits are 
avoided. It can cause inaccuracies due to multiple recombination events. 
 
Linkage mapping is critical for identifying the location of genes that cause genetic 
diseases. In a normal population, genetic traits and markers will occur in all 
possible combinations. The frequencies of combinations are determined by the 
frequencies of the individual genes. A linkage map is based on the frequencies of 
recombination between markers during crossover of homologous chromosomes. 
The greater the frequency of recombination (segregation) between two genetic 
markers, the farther apart the) are will be. Conversely, the higher the frequency of 
association between the markers, the smaller the physical distance between them. 
Historically, the markers originally used were detectable phenotypes (enzyme 
production, eye color) derived from coding DNA sequences. Genetic maps help 
researchers to locate other markers, such as other genes by testing for genetic 
linkage of the already known markers. 
 
Procedure 
 

Frequency of Recombination: Firstly, recombination frequency of different 
genes is measured from the given data. The proportion of recombinant types 
between two gene pairs as compared to the sum of all combinations is called 
cross over or recombination frequency. Recombination Frequency is the sum of 
all combinations. Two linked genes are backcrossed for calculating the 
recombination frequencies. The cross between the heterozygote to a homozygous 
double recessive is called back cross. 
 
The recombination frequency is directly proportional to the distance 
between the linked Gene Loci. Genes can be mapped on a chromosome on the 
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basis of their recombination frequencies. 1% of recombination frequency is equal 
to 1 unit map distance. 
 

Recombination frequencies of the entire linked gene are measured. These genes 
are arranged on chromosomes according to these recombination frequencies. 
 

Example: In Drosophila, ebony body colour (b) and vestigial wings (vg) are 
linked. The F1, progeny back crossed or test crossed with recessive parent (Figure 
7.15). It gives following results: 

Total number of progeny = 2300 

Recombinant frequency = 
391 

100 = 17 % 
x 

2300 

Thus the map unit between ebony colour and vestigial wing genes is 17 m.u. 
Similarly, gene frequency of different genes is calculated. These genes are 
arranged on chromosomes according to these frequencies. 
 

 
Figure 7.15: Recombination. In Drosophila, progeny back crossed or test 
crossed with recessive parent. 
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7.8.3 Detection of Linkage 
 
There are different methods to detect linkages among genes. Some of these are: 
 
Detection of linkage by PD/NPD ratio 
The Parental generation (PD) to non-parental generation ratio gives indication 
about linkage between two genes. Test cross or back cross is performed in order 
to obtain PD/NPD ratio. If there is ratio of 1 between PD and NPD, then genes are 
not linked. If this ratio is more than 1, then the genes are linked. 
 
Example 1 
Tall pea plant with purple flower was crossed with small plant with white flower. 
F1 were all tall and purple. The tall and purple of F1 was test crossed. It gives: 

Tall purple = 523 

Tall white = 528 

Small purple = 513 

Small white = 502 

Parental type (PD)    = 523 + 502 = 1025 
Non-parental type NPD = 528 + 5 I 3 = 1041 
Ratio of NP to NPD    = 1025: 1041 
 
It gives almost value of 1. Thus the genes of tall/small and purple white are not 
linked. 
 
Example 2 
Purple (PP) flower colour is dominant over red (pp) flower colour in sweat pea. 
Similarly, long pollen grain (LL) is dominant over round pollen grain (II). They cross 
pure line of purple long (PPLL) with pure line of red, round (pp11). They obtained 
purple long in F1 The F1 progeny was test crossed. It gives following progeny: 
1.  Purple, long           440 
2. Purple, round      14 
3. Red, long            7 
4.  Red, round            350 
 Parental type (PD)         = 440+ 350 = 790 
 Non-parental type NPD  = 14 + 7 = 21 
 Ratio of NP to NPD        = 790 : 21 
 
It gives value for more than I. Thus both these genes are linked. 
 
 



225 
 

2.  Robust Method of Detection of Linkage 
 The robust method for detecting linkage was developed by  Haseman  

and Elston. Mathematical integration and regression principles are used in 
this method. It is used to detect linkage of quantitative genes with other locus. 

 
3.  Modern Biotechnological Method 
 These are latest techniques for detecting the gene linkages. In this method 

modern biotechnological techniques are used. These techniques include 
RFLP (Restriction fragment length polymorphism), PCR (Polymerase chain 
reaction) and DNA probes. 

 
DNA is cut in to small fragment called REFLPs. Each fragment has linked genes. 
These genes are amplified by PCR. 
DNA probes are used to detect the genes present in a fragment. 

 
SELF ASSESSMENT QUESTIONS 
 
Q: Fill in the blanks. 
i.  The inheritance of a trait (phenotype) that is determined by a gene located 

on one of the sex chromosomes is called ……………..  (Sex linked 
inheritance)  

ii.  The …………….. .to non-parental generation ratio gives indication about 
linkage between two genes. (Parental generation) 

iii.  The genes present on the Y chromosomes are called Y-linked genes and 
their traits are called …………….. (Y-linked traits) 

iv.  ………………. in humans is the inability to differentiate between some or 
all colors that other people can distinguish. (Color blindness) 

v.  …………….. discovered sex linkage in fruit fly Drosophila. (Thomas Hunt 
Morgan) 

 
Q: Self Assessment Questions   
i.  How recombination frequency could be found? 
ii.  Differentiate sex chromosomes and autosomes. 
iii.  What is genetic map unit? 
iv.  What is gene linkage? 
v.  What is XO system? 
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Q: Choose the correct answer.  
i.  A cross in which the sexes of the organisms are reversed as compared to 

original cross is called  
 a.  Reciprocal cross 
 b.  Test cross 
 c.  None of a and b 
ii.  A gene present only on X chromosome has no counterpart on Y 

chromosome  
 a.  Y-linked gene 
 b.  X-linked gene 
 c.  None of a and b 
 
iii.  The XY system in birds and butterfly is called  
 a. XO system 
 b.  ZW system 
 c.  Haploid-diploid 
iv.  Dichromatic persons can see…………….. primary colours 
 a.  Two 
 b. Three 
 c.  Five 
v.  Monochromat is …………….. recessive trait 
 a.  X-linked 
 b. Y-linked 
 c.  Color blinded 
 
Key Points/Summary 
 
1.  Law of segregation states that gene pairs are randomly distributed between 

gametes during gamete formation during the distribution of homologous 
chromosomes during meiosis. 

2.  The law of independent assortment states that during gamete formation gene 
pairs segregate independently of one another.  

3.  Incomplete dominance is an interaction between two alleles which 
contributes more or less equally towards phenotype while Co-dominance is 
where two alleles are expressed in the heterozygote. 

4.  Patterns of inheritance observed up to molecular level by enzymes. 
Dominant allele represents functional enzyme while recessive allele encodes 
non-functional enzyme. 
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SELF ASSESMENT QUESTIONS 
 
Q: Answer the following questions: 
1.  What do you meant by inheritance and its patterns? How information 

transferred from one to next generation?   
Ans:  See Introduction 
2.  Explain Mendelian inheritance patterns by keeping in mind Law of 

segregation and Laws of independent assortment. 
Ans:  See 7.2. 
3.  How will you differentiate dominance, In-complete dominance and Co-

dominance? Expalin by using examples. 
Ans:  See 7.5 
4.  How humans get colour blind 
Ans:  See 7.6. 
5.  How linkage map could be constructed? 
Ans:  See 7.7. 
 
Q: Fill in the blanks with appropriate answers. 
1.  …………….. is the transmission of characters from parents to progeny. 

(Inheritance) 
2.  …………….. is the classical tool used for transmission of inheritance 

patterns. (Drosophila melanogaster) 
3.  The physical expression of a gene is called ……………..while genetic 

makeup of an organism is called its ………….. (Phenotype, genotype) 
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INTRODUCTION 
 
Molecular Genetics is the eighths Unit of biology-II , which includes the 
description of DNA replication, nature of gene, genetic code, Transcription, 
translation, protein synthesis, regulation of gene expression, transmission of 
genetic material in bacteris, Principles of genetic enegineering and application of 
genetics in plant improvement. The unit is written in a very understandable way. 
Self assessment exercises and activities are given where necessary. This unit 
contains necessary information for students of B.Ed 2.5/4 years specialization in 
Science Education of AIOU. 
 

OBJECTIVES 
 
After Completion of this unit, you will be able to: 
 descrfibe genetic material in the cell is Deoxyribonucleic acid (DNA). Its 

double helical structure explains about replication and genetic code 
represents the sequence of amino acids that makeup the proteins. 

 demonstrate protein synthesis includes the transcription and translation. 
Transcription is the process of mRNA formation from DNA while 
translation involves the synthesis of proteins through the information coded 
by mRNA. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
  



 

8.1  DNA REPLICATION
 

i.  DNA: The genetic material
According to twentieth century 
sequence of specific amino acids in proteins
evolutionary changes. It must have the ability to replicate and to reside 
nucleus of eukaryotic cells.
molecule which fulfills all of these requi
 

The double helix model of DNA
Two kinds of nucleic acids p
 Deoxyribonucleic acid or DNA, 
 Ribonucleic acid or RNA, produced in the nucleus and moves to the 

cytoplasm participating in protein synthesis. 
 

DNA and RNA are large molecules made up of 
nucleotides. It consists of a nitrogenous 
purine or single ring i.e; pyrimidine
However, DNA and RNA differ 
guanine among purines while cytosine among pyrimidiens. Another pyrmidine 
base is thymine in DNA while uracil in case of RNA. Sugar present in DNA is 
deoxyribose while ribose in RNA. DNA is the double stranded
single stranded which may fold back on itself and re

Figure 8.1: Comparison between DNA and RNA. 
deoxyribose sugar having phosphate backbone and nitrogenous bases such as 
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REPLICATION 

he genetic material 
wentieth century biologists, genetic material must code 

amino acids in proteins and to change over time for 
It must have the ability to replicate and to reside 

nucleus of eukaryotic cells. And DNA (deoxyribonucleic acid) is the only 
molecule which fulfills all of these requirements. 

The double helix model of DNA 
Two kinds of nucleic acids plays important role in protein synthesis.  

Deoxyribonucleic acid or DNA, which is the genetic material. 
Ribonucleic acid or RNA, produced in the nucleus and moves to the 
cytoplasm participating in protein synthesis.  

DNA and RNA are large molecules made up of building blocks
It consists of a nitrogenous base either in the form of double ring i.e; 

purine or single ring i.e; pyrimidine, a pentose sugar and phosphate group.
However, DNA and RNA differ in several ways. They both contain adenine and 
guanine among purines while cytosine among pyrimidiens. Another pyrmidine 
base is thymine in DNA while uracil in case of RNA. Sugar present in DNA is 
deoxyribose while ribose in RNA. DNA is the double stranded while RNA is 
single stranded which may fold back on itself and re-coil (Figure 8.1). 

 
: Comparison between DNA and RNA. DNA is a long polymer with 

having phosphate backbone and nitrogenous bases such as 

code for the 
to change over time for 

It must have the ability to replicate and to reside in the 
DNA (deoxyribonucleic acid) is the only 

Ribonucleic acid or RNA, produced in the nucleus and moves to the 

building blocks called 
either in the form of double ring i.e; 

, a pentose sugar and phosphate group. 
in several ways. They both contain adenine and 

guanine among purines while cytosine among pyrimidiens. Another pyrmidine 
base is thymine in DNA while uracil in case of RNA. Sugar present in DNA is 

while RNA is 

a long polymer with 
having phosphate backbone and nitrogenous bases such as 



233 
 

adenine, guanine, cytosine and thymine. RNA is a polymer with sugar ribose, 
phosphate backbone and same bases with the exception of uracil in RNA instead 
of thymine in DNA. 
 

The scientists started working on discovery of the three-dimensional structure of 
DNA Watson and Crick proposed the DNA model: 
1. The DNA is in the form of helix with two strands and width of 2 rim. 
2. Nitrogenous bases are about 0.34 nm apart with ten layers of base pairs on 

each turn of the helix. These bases are present within the helix with the 
phosphate group present outside.  

3. The double helix is a ladder like twisted in a spiral fashion. The side ropes 
are the equivalent sugar phosphate backbones. Franklin’s X-ray data 
indicate that the helix makes one full turn after every 3.4 nm of its length. 

4. Adenine base pairs with thymine (T) and guanine (C) with cytosine. 
Adenine and Guanine are larger bases forming two ringed structures known 
as purines. While cytosine and thymine forms pyrimidine bases 
comprising single ring. In this way one purine and one pyrimidine 
combination keep the diameter of the DNA uniform. 

5. Both strands of the DNA are anti parallel. One strand runs in the 5 – 3 
direction while other strand in the opposite direction (Figure 8.2). 

 
Figure 8.2: DNA: Double Helix Model. (A) Key features of DNA structures: 
Ribbon model (B) Adenine linked with thymine while cytosine with guanine: 
Chemical structure (C) Computer assisted model. 



 

8.1.1: DNA Replication 
Following steps take place 
 

1. Origin of Replication
 DNA replication starts with protein which recognizes sequences of origins 

at special sites which are known as 
two strands which open
bubbles are formed in eukaryotes. These bubbles fuse with each other. The 
replication of DNA then 
molecule. Replication fork 
of a replication bubble. 
fork (figure 8.3). 

 

Figure 8.3: DNA Replication
identical DNA copies from
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Replication in Eukaryotes; Genes in Action 
Following steps take place during DNA replication: 

eplication 
replication starts with protein which recognizes sequences of origins 

which are known as origin of replication. It separates the 
opens up to form replication bubble. Multiple replication 

bubbles are formed in eukaryotes. These bubbles fuse with each other. The 
replication of DNA then starts in both directions with the copy of 

eplication fork which is a Y-shaped region is present at each and 
of a replication bubble. New strands of DNA elongates along this rep

 
 

Replication. Biological process for the production of two 
DNA copies from one original DNA molecule. 
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2.  Elongating a New DNA Strand 
 An enzyme DNA polymerase catalyzes the elongation of new DNA at a 

replication fork. The nucleotides align with complementary basis on 
template strand of DNA. The rate of elongation is about 500 nucleotides per 
second in human cells. The substrates for DNA are nucleoside triphosphate 
containing three phosphate groups like ATP. Each ATP loses two 
phosphates and joins to the growing end of a DNA strand. Hydrolysis of the 
phosphate is exergonic reaction and it drives polymerization of nucleotides 
forming DNA. 

 

3.  The Problem of Antiparallel DNA Strands 
 The two DNA strands are anti-parallel (3-5 and 5-3) with sugar phosphate 

backbones running in the opposite directions. Phosphate group of each 
nucleotide is attached to the 5′ deoxyribose. The phosphate group of one 
nucleotide is joined to the 3′ carbon of the adjacent nucleotide. So, different 
mechanism of replication in both strands. 

 (a)   Leading Strand 
  The enzyme DNA polymerase adds nucleotides to the free 3′ end of a 

DNA strand forming new DNA strand is formed in 5′— 3′ directions 
and this is continuous along 5′ —3′ direction. This DNA strand is 
known as leading strand. 

 (b)   Lagging Strand 
  The DNA polymerase moves away from the replication fork for 

elongation in the 3′-5′ DNA strand. The DNA synthesized in this 
direction is called lagging and as a series of segments. These segments 
were discovered by Japanese scientist Okazaki and are called Okazaki 
fragments with length of about 100 to 200 nucleotides in eukaryotes. 

 
4.  RNA Primer 
 DNA polymerase can only add nucleotides to a polynucleotide chain that is 

already paired with the complementary strand. It cannot actually initiate 
synthesis of a DNA strand. Nucleotides must be added to the end of an 
already existing chain known as primer which is a short stretch of RNA. It is 
synthesized by enzyme primase and is about 10 nucleotides long in 
eukaryotes. Only one primer is required for the leading strand of new DNA. 
Each fragment must have separate primer in the lagging strand. An enzyme 
then replaces the RNA nucleotides of the primer with DNA. Another enzyme 
Ligase acts as molecular glue joining all the DNA fragments into a strand. 
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5.  Protein assisting the DNA Replication 
 Following proteins assist in the synthesis of DNA: 

 
 i.  DNA polymerase 
  One of the key molecules in DNA replication is the enzyme DNA 

polymerase. DNA polymerases are responsible for synthesizing DNA 
adding nucleotides one by one, incorporating complementary bases to 
that of the template strand. 

  
 ii.  Ligase 
  DNA ligase close nicks in the phosphodiester backbone of DNA and 

essential for the joining of Okazaki fragments during replication.  
 
 iii.  Primase 
  It is a type of RNA polymerase and functions by synthesizing short 

RNA sequences complementary to single-stranded DNA, which acts 
as template. Primers must be synthesized by primase before DNA 
replication occurs. 

 
 iv.  Helicase 

  DNA and RNA helicases are enzymes that bind and re-model nucleic 
acid or nucleic acid protein complexes. During DNA replication DNA 
helicases separates double-stranded DNA into single strands.  

 
 v.  Single Strand Binding Protein. 
  It is attached to the separated strands of DNA and does not allow them 

to re-coil. It has high affinity for single-stranded(ss) DNA participating 
in DNA replication, recombination and repair as accessory protein. 
SSB plays a role in separating DNA strand during replication and 
prevent ssDNA from re-forming double helix. 

 
 vi.  Proofreading 
  The errors in the completed DNA molecule are very rare and about 

only one in billion nucleotides. These errors must be corrected with the 
help of enzyme (Figure 8.4). 



 

Figure 8.4: Molecular 
semi-conservative, so that each strand in the
for the synthesis of new 
starting molecule to two daughter
containing one new and one old strand.
 

Activity 1: Student understand DNA structure, function and replication 
including additional analysis and discussion questions and hands
of DNA replication. 

 

8.2  NATURE OF GENE, GENETIC CODE
 
Nature of Gene 
The word “gene” was defined in 1909 by Danish botanist Wilhelm Johannsen 
as the fundamental physical and functional unit of heredity.
derived pangenesis used by Darwin (1868). 
the Greek words pan and
and evolutionary biology use the term for unit of inheritance. The modern 
definition of gene is as gene is a region of genomic sequ
a unit of inheritance, which is associated with regulatory regions, transcribed 
regions and other functional sequence regions.
 

Properties of genes 
In molecular biology, a gene
some viruses) that determines
three-nucleotide sequences called
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: Molecular Mechanism of DNA Replication. DNA replication
that each strand in the DNA double helix acts as a template 

for the synthesis of new complementary strand. This process takes from one 
daughter molecules with each newly formed double helix 

containing one new and one old strand. 

Student understand DNA structure, function and replication 
including additional analysis and discussion questions and hands-on modeling 

F GENE, GENETIC CODE 
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and evolutionary biology use the term for unit of inheritance. The modern 
gene is a region of genomic sequence, corresponding to 

a unit of inheritance, which is associated with regulatory regions, transcribed 
regions and other functional sequence regions. 

In molecular biology, a gene is taken as region of DNA (or RNA. in the
) that determines amino acid sequence and composed of a series of 

nucleotide sequences called codons. The genetic code is essentially the 
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same for all known life, from bacteria to humans. Each codon specifies a 
particular amino acid. Thus genes determine the protein’s primary structure. Most 
genes are expressed in a two-stage process: (Figure 8.5) 
 
(a)    Transcription: DNA is transcribed by enzymes known as RNA 

polymerases into messenger RNA (mRNA). 
(b)    Translation: mRNA is translated by specialized cellular machinery known 

as the ribosome into a polypeptide chain. 
 
These polypeptides chains fold upon to form functional protein molecule.  
 

 
 
Figure 8.5: Two stage process of Gene Expression. DNA is transcribed into 
mRNA in the nucleus which is then translated into proteins in the cytoplasm. 

 
Functions of gene 
1.    Genes govern the activities of cells through the proteins they encode. 
2. In multicellular organisms, they control the development of the individual 

from the fertilized egg. They also control day-to-day functions of the cells 
that make up tissues and organs. 
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3. Their protein products give mechanical support to the cell structure. These 
proteins are also involved in the transportation and manufacture of other 
molecules and the regulation of other protein activities. 

4. In some cases, the RNA molecules are the actual functional products of 
gene. For example, RNAs known as ribozymes are capable of enzymatic 
function, and small interfering RNAs have a regulatory role. 

 
Chemical Structure of Gene 
Four kinds of sequentially linked nucleotides compose a DNA molecule or strand 
(more at DNA). These four nucleotides constitute the genetic alphabet. A 
sequence of three consecutive nucleotides called a codon, is the protein-coding 
vocabulary. The sequence of codons in a gene specifies the amino-acid sequence 
of the protein it encodes. 
 
In most eukaryotic species, very little of the DNA in the genome encodes 
proteins. The genes are separated by vast sequences of junk DNA. Moreover, the 
genes are often fragmented internally by non-coding sequences called introns. 
lntrons can be many times longer than the coding sequence. The coding regions of 
the gene are called exons. 
 

Expression of Molecular Genes 
 
Gene is expressed in following steps:  
(a)    The DNA strand is expressed into a trait only if it is transcribed to RNA. 

Transcription starts from a specific base-pair sequence (promoter) and stops 
at another (a terminator). 

(b)    Cells regulate the activity of genes in part by increasing or decreasing their 
rate of transcription. Over the short term, this regulation occurs through the 
binding or unbinding of proteins known as transcription factors to specific 
non-coding DNA sequences called regulatory elements. 

(c)   The RNA is edited before its translation into a protein. Eukaryotic cells splice 
the transcripts of a gene. It keeps the exons but it removes the inrons. 

(d)  The translation of RNA into a protein also starts with a specific start and stop 
sequence. 

(e)  Once produced, the protein interacts with the many other proteins in the cell, 
according to the cell metabolism. This interaction finally produces the trait. 

 
This complex process helps explain the different meanings of “gene”: 
 a nucleotide sequence in a DNA strand; 
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 or the transcribed RNA, prior to splicing; 
 or the transcribed RNA after splicing. i.e. without the introns 
 

History of Work on Gene 
1.  The existence of genes was first suggested by Gregor Mendel in the 1860s. 

Although he did      not use the term gene. He explained his results in terms 
of inherited characteristics. 

2. In 1910 Morgan showed that genes are present on specific chromosomes. It 
later showed that genes occupy specific locations on the chromosome. 

3. In 1928, Frederick Griffith showed that genes can be transferred. In his 
experiment, Griffth inject heat killed gene of virulent bacteria into mouse. It 
changed non virulent bacteria into virulent one. 

4. In 1941, George Wells Beadle and Edward Tatum showed that mutations in 
genes caused errors in certain steps in metabolic pathways. This showed that 
specific genes code for specific proteins. It is called one gene, one 
enzyme hypothesis. 

5. Oswald Avery, Collin Macleod, and Maclyn McCarty showed in 1944 that 
DNA holds the genes information. 

6. In 1953, James D. Watson and Francis Crick demonstrated the molecular 
structure of DNA. Together, these discoveries established the central 
dogma of molecular biology. It states that proteins are translated from RNA 
which is transcribed from DNA. 

7. Richard Roberts and Phillip discovered in 1977 that genes can be split into 
segments. This leads to the idea that one gene can make several proteins. 

 
The Genetic Code 
 
It is a sequence of three bases (triplet code) which codes for the 20 different 
amino acids and carrying information in the form of nitrogenous bases of DNA. 
Each three-base combination is a codon. There is a total of four bases and three 
amino acids in one codon, So, 43 = 64 possible codons for 20 kinds of amino 
acids. And thee can be more than one codon for the same amino acid. This 
characteristic of the code is called degeneracy. Some codons acts as initiation and 
some as termination codes. 
(a)     Termination codons: The base sequences UAA, UAG, and UGA are stop 

codes indicating the termination point of the polypeptide synthesis. 
(b)    Initiation codon:  AUG which codes for the amino acid methionine is the 

start codon (Figure 8.6). 
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Figure 8.6: Genetic Code. Information encoded in the form of DNA bases 
termed as codon and then translated into proteins by living cell. 

 
SELF ASSESSMENT QUESTIONS 
 
Q: Fill in the blanks. 
i.  AUG which codes for the amino acid ……………….. is the start codon. 

(Methionine) 
ii.  DNA ligase close nicks in the ………………… backbone of DNA. 

(Phosphodiester) 
iii.  During replication, nucleotides are added to ends of existing chain known as 

………… (Primer) 
iv.  DNA replication starts with protein which recognizes sequences of origins 

at special sites which are known as …………… (Origin of replication) 
v.  One of the key molecules in DNA replication is the 

enzyme ……………………(DNA polymerase). 
 
Q: Answer the following. 
i.  What do you know about leading and lagging strands of DNA replication 

process? 
ii.  What is replication fork? 
iii.  What is genetic code? 
iv.  What are purines and pyrimidines? 
v.  How will you differentiate DNA and RNA? 
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Q: Choose the correct answer.  
i.  An enzyme ……………. catalyzes the elongation of new DNA at a 

replication fork 
a.  DNA polymerase 
b.  Helicase 
c.  Ligase 

ii.  Unwinding of DNA is done by 
a.  Polymerase 
b. Helicase 
c.  Ligase 

iii.  Transcription starts from a specific base-pair sequence  
a.  Promoter 
b. Terminator 
c.  None of a and b 

iv.   Process of genetic information flowing from DNA to RNA to proteins is 
called 
a.  Gene expression 
b. Gene mutation 
c.  Gene annealing 

v.  Number of stop codons are 
a.  Three 
b. Two 
c.  Four 
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8.3 TRANSCRIPTION, TRANSLATION, PROTEIN SYNTHESIS, 
REGULATION OF GENE EXPRESSION (LAC OPERON) 

 
8.3.1 Transcription 
 
The process of messenger RNA synthesis from DNA is called transcription 
(Figure 8.7). The information coded in DNA is not translated directly into 
proteins but firstly transcribed into mRNA. It involves many enzymes performing 
many functions. They unwind a region of DNA while initiating and ending 
mRNA synthesis and its modification. Only one or a few genes are exposed 
during transcription with only one strands being transcribed. Eukaryotes have 
three enzymes located in nucleus involving in the transcription of different RNAs. 
These are: 
(a) RNA Polymerase I which transcribes ribosomal RNA (rRNA). 
(b) RNA Polymerase II transcribes messenger RNA (mRNA) and most small 

nuclear RNAs (snRNAs). 
(c) RNA Polymerase III transcribes transfer RNA (tRNA) and other small 

RNAs (including the small 5S rRNA). 
 
There are following steps of transcription:  

1.  Initiation 
 The site of DNA where DNA polymerase attached is called promoter and it 

normally composed of 50 nucleotides. It is present at the start of gene. The 
promoter for polymerase II contains a TATA box recognized by TATA box 
binding protein (TBP) and attached the RNA polymerase on promoter. 
Double-stranded DNA is (“closed”) and RNA Polymerase wound DNA 
structure called closed complex which becomes single-stranded (“open”) 
near initiation site. This RNA Polymerase/unwound-DNA structure is called 
the open complex. The RNA polymerase transcribes DNA producing about 
10 nucleotides (transcripts). These are unable to leave the RNA polymerase 
because the exit channel is blocked by the a-factor which dissociates from 
the holo-enzyme and starts elongation. 

2.  Elongation 
 RNA polymerase starts joining complementary ribose nucleotides at 3′ end 

of the DNA strand with same complementary bases but only uracil in RNA 
replaces thymine in DNA. Newly RNA transcripts uses adenosine 
5′triphosphate (ATP), guanosine-5′ triphosphate (GUP), Uridine-5′ 
triphosphate (UTP) and cytidine-5′ triphosphate (CTP).  
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3.   Termination 
 Finally, RNA polymerase reaches the termination sequences. Thus, 

transcription stops. There are two types of termination mechanisms. 
 (a)  Rho-independent termination 
  It involves the terminator sequences within RNA that signals RNA 

polymerase to stop. It is usually palindromic sequence which forms 
stem-loop hairpin structure. It dissociates the RNA polymerase from 
DNA template. Therefore, dissociation of the nascent DNA-RNA 
hybrid. 

 (b)  Rho-dependent termination 
  In this case termination factor called p-factor (rho factor) stops RNA 

synthesis. This protein binds and runs with mRNA towards the RNA 
polymerase which when approached by p-factor dissociates RNA 
polymerase from DNA, terminating transcription. 

 

 
Figure 8.7: Process of Transcription. Process in which information in DNA is 
transcribed into messenger RNA (mRNA).  
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4.  Processing of Primary Transcript 
 Newly transcribed mRNA is known as primary transcript and modify 

before leaving the nucleus. It contains both non-coding regions called as 
introns and coding regions exons. RNA splicing cut out these non-coding 
regions while joining exons together again.  

 
5.  Transport of newly formed RNA 
 (a)  In Prokaryotes: The newly synthesized mRNA is directly released 

into the cytoplasm in bacteria and converted into polypeptide chain in 
cytoplasm. 

 (b) In eukaryotes: The mRNA in eukaryotes has to travel from inside the 
nucleus to ribosomes outside in the cytoplasm. Therefore, eukaryotic 
mRNA is modified in several ways. These modifications help it in its 
journey. A cap and a tail are added. Thus the molecule remains stable 
during long journey to ribosome. The caps and tails save the mRNA 
from the action of variety of nucleases and phosphatase enzymes. 
 Cap: It is in the form of methyl GTP. It is linked to 5′ end with 

the first nucleotide of mRNA. 
 Tail: It is in the form of poly-A tail. It is linked to 3′ end of the 

RNA (Figure 8.8). 
  

 
Figure 8.8: RNA splicing and mature mRNA. (A) Introns are snipped out while 
exons rejoined by ligase (B) Pre-mRNA modifies and each end receives 5cap and 
3 Poly-A tail.  



246 
 

8.3.2 Translation 
 
The synthesis of polypeptide chain at the ribosomes form the information encoded 
by mRNA is called translation (Figure 8.9). 
 

1. Role of tRNA in Translation 
 Transfer RNA plays an important role in translation reading codes on the 

mRNA and bringing amino acids forming polypeptide chain. It has 
complementary pairing of bases with some unusual bases which disrupts the 
normal base pairing forming loops in the molecule. The central loop is 
called anticodon loop which has a sequence of three unpaired bases called 
anticodon. The mRNA codon form pairing with its complementary anti-
codon of tRNA. This tRNA carries amino acids with it. 

2. Role of Ribosomes in Protein Synthesis 
 Ribosomes are the main sites for protein synthesis comprising larger and 

smaller subunit organizing codon and anticodon pairing. It has three main 
binding sites for mRNA and tRNA.  

 (a)  P site (peptidyl site): It is the site of the ribosome where peptide 
bonds are formed. 

 (b)  A site (aminoacyl site): This site contains successive (next) amino 
acid with its rRNA. 

 (c)  E site (exit site): It is a site of ribosome where empty tRNA is present. 
 

8.3.4 Steps of Protein Synthesis 
 
There are following steps of protein synthesis: 

1. Initiation 
 The mRNA binds to a small ribosomal subunit. Initiation codon on mRNA 

is AUG aligning at P (peptidyl) site of the ribosome. A tRNA with 
methionine binds to the mRNA on initiation codon. The large subunit joins 
this complex. It forms a complete ribosome.  

 

2. Elongation 
 The A (aminoacyl) site containing second codon is present after P site. A 

second tRNA attaches on this codon with its anticodon. Two tRNA 
molcules with their amino acids are now side-by-side in the A site. Guanine 
triphosphate (GTP) provides energy to this step. In the P site the bond 
between the amino acid and tRNA is broken by an enzyme peptidyl 
transferase. This enzyme also catalyzes the formation of a peptide bond in 
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the A site. Then, mRNA strand starts moving along with the ribosome. It 
exposes new codon. The tRNA with their two amino acids moves to P site. 
A third tRNA can then enters the exposed A site. This process continues 
until the translation of entire mRNA completes. 

 

3. Termination 
 The ribosome reaches at the end of the mRNA. The polypeptide chain has 

been synthesized. Termination codon (stop codon) like UAG comes and 
translation ends. 

 
 
Figure 8.9: Process of Translation. In this process, mRNA decoded outside the 
nucleus by ribosome to produce polypeptide chain made up of amino acids. 
 

Export of Protein 
Protein synthesis occurs on ribosomes. Some of them attached at the surface of 
the rough endoplasmic reticulum. Newly synthesized protein moves into the 
Endoplasmic reticulum. And then moves into the Golgi apparatus. It is packed 
into a secretary vesicle or a lysosome (Figure 8.10). 
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Figure 8.10: Translated Protein Export. Protein moves into endoplasmic 
reticulum, golgi apparatus or lysosomes. 

Activity 2: Students learn how genes provide the instructions for making a 
protein via transcription and translation.  

 

8.3.5. Control of Gene Expression in Eukaryotes 
The gene expression can be controlled at different levels in the eukaryotes. 

 
Transcriptional Control of Gene Expression 
The RNA synthesis depends on RNA polymerase enzymes. Numerous 
transcription factors helps in the function of these enzymes. RNA polymerase 
and transcription factor bind to specific sequences of the promoter. 
This promoter is present at the start of the coding sequence of a gene. Then, the 
polymerase moves along DNA template. It produces complementary RNA strand. 
The transcription factors known as activators bind selectively to enhancer regions 
of DNA speeding up transcription. This enhancer region of the DNA is present 
thousands of nucleotides away from the promoter. The specific associations 
between transcription factors and enhancer sites in the genome playing important 
role to control eukaryotic gene expression. According to one hypothesis, a 
hairpin loop is formed in DNA. This hairpin loop brings the transcription factor 
attached to the enhancer in contact with the transcription factors. It activates the 
polymerase at the promoter region to start transcription. Over 100 transcription 
factors already discovered in eukaryotes (Figure 8.11). 
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Figure 8.11: Transcriptional Gene Expressional Control in Eukaryotes. It is 
controlled by repressors and transcriptional activators. Eukaryotic repressors bind 
DNA sequences to stop transcription. 
 

2. Post-transcriptional Control of Gene Expression 
 Gene expression could be blocked or stimulated at any post-transcriptional 

step. It can be controlled during RNA Processing and export of mRNA. The 
cell must process its initial transcripts before they can act as mRNA, tRNA, 
or rRNA. An mRNA transcript must receive a 5’ cap and 3’ poly-A tail. 
Similarly, the introns of the RNA segments must he removed and the exons 
(coding segments) spliced together. Then this RNA passes from the nucleus 
to the cytoplasm through a nuclear pore. In the cytoplasm, the mRNA 
interacts with a number of specific proteins and may associate with 
ribosomes to undergo translation. Each step in RNA processing provides an 
opportunity for control of expression (Figure 8.12). 
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Figure 8.12: Post-transcriptional Control of Gene Expression. It includes 
processes of splicing and formation of mature mRNA. 

 
8.3.6 Regulation of Gene Expression in Prokaryotes (Lac Operon) 
 
In bacteria, expression of gene is controlled at transcription level. Operon model 

of control of gene expression was described by Francois Jacob and Jacques 
Monod in 1961. The entire stretch of DNA required for production of an enzyme 
is called Operon. The Operon which controls the concentration of lactose in 
bacteria is called Lac Operon. Lac operon is involved in both negative and 
positive control of gene expression. 
 
(a)  Negative control of Lac operon 
 There is following mechanism of negative control of lac Operon in E. coli 

bacteria. E. coli bacteria live in the gut of man. Lactose sugar is present in 
milk. Lactose is also available to bacteria if host (man) drinks milk. Bacteria 
break down this compound in its body for energy requirement. An enzyme 
β- galactosidase is required for the breakdown of lactose. If lactose is 
available to bacteria, it synthesizes this enzyme within 15 minutes. The gene 
of β-galactosidase is part of operon called Lac operon. It also includes two 
other st uctural genes required for the metabolism of lactose. The entire 
operon is under the control of single promoter. Another regulatory gene is 
present outside the lac operon. It codes for a repressor protein specific 
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metabolite inducer inactivates the repressor. The inducer allolactose for 
lactose. Allolactose is an isomer of lactose. 
1. Absence of lactose: The allolactose is in inactive state in the absence 

of lactose. Therefore, repressor attach with the operator. Hence, lac 
operon remains non-functional. 

2. Presence of lactose: If lactose is added, allolactose becomes active. It 
binds to lac repressor and alters its configuration. Now repressor 
cannot attach with the promoter. Now RNA polymerase can attaches 
the promoter. Transcription starts and mRNA is produced. This 
mRNA is transported to ribosome. Ribosome synthesizes β-
galactosidase. This enzyme breaks the lactose sugar (Figure 8.13 A). 

 
(b)  Positive Control of Lac operon 
 The first preference of bacteria for energy requirement is glucose. It uses 

lactose only in the absence of glucose. Positive control of gene expression in lac 
operon occurs by CAP (catabolite activating protein). CAP accelerates 
transcription of lac operon. CAP attaches at the CAP binding site of promoter. 
It helps in attachment of RNA polymerase at promoter. Thus CAP stimulates 
the gene expression. So this mechanism is called positive regulation. 

 1.  Absence glucose: CAP is sensitive to glucose requirement of cell. 
There is shortage of ATP in bacteria in absence of glucose. Therefore, 
AMP changes in to Cyclic AMP (cAMP). The cAMP accumulates in 
the cell. CAP has binding site for binding site for cAMP. Thus CAP-
cAMP complex is formed. It attaches with the promoter and stimulates 
the transcription of mRNA of β- galactosidase. Now this enzyme starts 
breaking lactose. 

 2.  Presence of glucose: Now if glucose is added, the concentration of 
cAMP falls. Thus CAP molecule detach from the lac operon and 
transcription stop. Thus although lactose is present, but glucose is 
available to bacteria. So it does not waste energy in breaking of 
lactose. Thus synthesis of β- galactosidase is stopped (Figure 8.13 B). 
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Figure 8.13: Regulation of Gene Expression in Lac operon. (A) Negative 
control when lactose is present, repressor inactive and operon is on (B) Positive 
control when lactose and glucose are present (cAMP level low), little lac mRNA 
synthesized. 
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SELF ASSESSMENT QUESTIONS 
 
Q: Fill in the blanks. 
i.  The synthesis of polypeptide chain at the ribosomes form the information 

encoded by mRNA is called ………………… (Translation) 
ii.  In the P site the bond between the amino acid and tRNA is broken by an 

enzyme. (Peptidyl transferase) 
iii.  The site of DNA where DNA polymerase attached is called …………. 

(Promoter) 
iv.  Newly transcribed mRNA is known as …………. (Primary transcript) 
v.  …………… cut out these non-coding regions while joining exons together 

again.  (Splicing) 
 
Q: Answer the following. 
i.  What is palindromic sequence? 
ii.  Differentiate positive and negative control of lac operon. 
iii.  What is lac operon? 
iv.  What is anticodon? 
v.  What are A, P and E sites during protein synthesis? 
 
Q: Choose the correct answer.  
i.  Protein synthesis takes place in 

a.  Ribosomes 
b.  Lysosome 
c.  Golgi apparatus 

ii.  The first preference of bacteria for energy requirement is  
a.  Glucose 
b.  Lactose 
c.  None of a and b 

iii.  The synthesis of an RNA molecule from DNA is called  
a.  Transcription 
b.  Translation 
c.  Both a and b 

iv.  There is shortage of ………….. in bacteria in absence of glucose 
a.  cAMP 
b.  ATP 
c.  Both a and b 

v.  It is a site of ribosome where empty tRNA is present 
a.  P site 
b.  A site 
c.  E site 

 
Activity 3: Differentiate between transcriptional, translations as well post-
transcriptional and post-translational studies both in eukaryotes and 
prokaryotes. 
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8.4 TRANSMISSION OF GENETIC MATERIAL IN BACTERIA: 
CONJUGATION AND GENE RECOMBINATION IN E.COLI, 
TRANSDUCTION AND TRANSFORMATION 

 
Conjugation & Gene Recombination in E.Coli  
The transfer of genetic material between bacteria through cell-to-cell contact is 
called bacterial conjugation. It is a mechanism of horizontal gene transfer. 
Bacterial conjugation is often incorrectly regarded as sexual reproduction or 
mating. It does not involve the fusion of gametes and formation of a zygote. 
Therefore, it is not actually sexual mating. It is only the transfer of genetic 
information from a donor cell to a recipient. One of the bacteria acts as donor. It 
donates conjugative or mobile genetic element in the form conjugative plasmid. 
Most conjugative plasmids have systems that ensure the recipient cell does not 
already contain a similar element. The genetic information transferred can be 
beneficial to the recipient. Some of these are used to transfer antibiotic resistance, 
or an enzyme that allows it to better digest its medium. 
 

Mechanism of Conjugation 
 
1.  The prototype for conjugative plasmids is the F-plasmid also called F-

factor. The F-plasmid is an episome. Episome is a plasmid of about 100 kb 
length that can integrate itself into the bacterial chromosome by genetic 
recombination (One kb is one thousand base pairs). It carries its own origin 
of replication, called ori V. There can only be one copy of the F-plasmid in a 
bacterium. Such bacterium is called F-positive or sometimes male 
bacterium. The bacteria lacking F-plasmid are called F-negative or female 
bacterium. 

 
2.  Among other genetic information, the F-plasmid carries. a tra and 

a trb locus. Both these locus together are about 33 kb long and consist of 
about 40 genes. The Ira locus has regulatory genes. These genes form sex 
pill on the cell surface. They also form polymeric proteins. These proteins 
can attach themselves to the surface of F-negative bacteria and initiate the 
conjugation. Some proteins coded in the Ira or trb loci. These proteins open 
a channel between the bacteria. 
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3.  Conjugation is initiated by mating signal. A complex of proteins called 
the relaxosome creates a nick in one plasmid DNA strand at the origin of 
transfer, or oriT. In the F-plasmid system the relaxosome consists of 
proteins Tral, TraY, TraM, and the integrated host factor, IHF. 

 
4.  There are two culture of bacteria: 
 (a) Some culture of cells contains non-integrated F plasmids. These are 

responsible for the low-frequency of chromosomal gene transfer. 
 (b) Some Strains of bacteria have integrated F-plasmid. Such strains 

transfer chromosomal genes very efficiently. So they are called Hfr 
(high frequency of recombination). A hfr cell is a bacterium with a 
conjugative plasmid (often F) integrated into its genomic DNA. Unlike 
a normal F+ cell, hfr strains attempt to transfer their entire DNA 
through the mating bridges (called pili) to the F- cell. This occurs 
because the F factor has integrated itself via an insertion point in the 
bacterial chromosome. The F factor’s has inherent nature to transfer 
itself over the pilus during bacteria conjugation. Therefore, rest of the 
bacterial genome is dragged along with it. 

 
5.  Mating always occur between F– and F. F-plasmid is integrated into the host 

genome. Donor chromosomal DNA may be transferred along with plasmid 
DNA. The chromosome of donor bacteria replicated before this transfer. 
Therefore, its genes are not lost. The amount of chromosomal DNA that is 
transferred depends on timing of contact. For common laboratory strains 
of E. coli the transfer of the entire bacterial chromosome takes about 100 
minutes. The transferred DNA can be integrated into the recipient genome 
via recombination. 

 
6.  The newly acquired DNA aligns with the homologous region of cells own 

chromosome. A crossover changes DNA between these two. Binary fission 
of this cell gives rise to new recombinant bacteria. The genes of these 
bacteria are derived from two different sources (Figure 8.14). 
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Figure 8.14: Conjugation in Bacteria. It involves various steps including mating 
of F+ and F- pilli followed by plasmid transfer and synthesis of functional 
plasmid. 
 

8.4.1 Transduction 
 
Transduction is the process by which bacterial DNA is moved from one 
bacterium to another by a virus. It was first discovered by Joshua Lederberg in 
1952. The most striking feature is the transfer of genetic material from cell to cell 
by viruses. The second feature is the fact that only a small part of the total genetic 
material of any one bacterial cell is carried by any particular transducing particle. 
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1.  The bacteriophages (viruses that infect bacteria) infect a bacterial cell. Their 
normal mode of reproduction is to harness the DNA replication machinery of 
the host bacterial cell and make numerous copies of their own DNA or RNA.  

2.  However, the packaging of bacteriophage DNA is not fool-proof. Small 
pieces of bacterial DNA also pack into a bacteriophage virion instead of the 
bacteriophage genome. Viruses with RNA genomes are not able to package 
DNA and so don’t usually make this mistake. 

3.  These virions come out on lysis of the host cell. The mispackaged virions 
containing bacterial DNA can attach to other bacterial cells. They inject the 
DNA they have packaged. Thus they transfer the bacterial DNA from one 
cell to another. This DNA can become part of the new bacterium’s 
chromosome. 

 

Type of Transduction 
It has three forms: 

(a) Generalized Transduction: It occurs in lytic cycle of phage virus. 
DNA of phages virus enter into E.coli bacteria. This DNA replicates and 
develops many new DNA and capsids. The DNA of bacteria is broken. 
Some pieces of DNA also enter into capsid of virus. Bacteria burst and 
release new phage viruses. Now this phage enters into recipient bacteria and 
transfer DNA of donor bacteria into the DNA of recipient bacteria. Bacterial 
endonuclease enzymes destroy the phage virus. Now these bacteria 
incorporate genes of donor bacteria and replicates. 

 

(b) Specialized Transduction: It occurs in Lysogenic cycle of phage virus. 
In this cycle viral DNA incorporate into bacterial DNA as prophage. It 
remains peacefully there. But sometime, it becomes lytic. It comes out of 
bacterial DNA. Some part of bacterial DNA remain attach with it. Viral 
DNA with a piece of bacterial DNA replicates and forms new capsids. 
Bacteria burst. Virus infects other bacteria and transfer genes of donor 
bacteria to recipient bacteria. 

 

(c)  Restricted Transduction: Certain phages carry out a more restricted 
kind of transduction. They carry only a specific section of bacterial genetic 
material. They transduce only a few genes. Retroviruses carry out specific or 
restricted transduction. These viruses can cause the formation of tumors 
(oncogenesis) in animals. It is now known that these viruses exchange a 
small portion of their genome by crossing over for a mutant cellular gene 
that has a role in gene regulation or replication. These viruses carrying 
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mutant genes infect cells. They transform these cells into tumor cells (Figure 
8.15). 

 

 
Figure 8.15: Transduction in Bacteria. Generalised, specialized and restricted 
kinds of transduction shown. 
 

8.4.2 Transformation of Cell 
 
Transformation is the genetic alteration of a cell resulting from the introduction, 
uptake and expression of foreign genetic material (DNA or RNA). In 1928 
Frederick Griffith transforms non-pathogenic pneumococcus bacteria into a 
virulent variety by mixing them in heat-killed pathogenic material. Griffith used 
two strains of Streptococcus pneumoniae. These bacteria infect mice, Griffith's 
favorite animals. He used a type smooth and rough strain. The smooth strain 
covers itself with a polysaccharide capsule that protects it from the host's immune 
system. This means that the host will die. The rough strain does not have that 
protective shield around it and is killed by the host's immune system. In this 
experiment, bacteria from the smooth strain were killed by heat, and their remains 
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were added to rough strain bacteria. While neither harmed the mice on their own, 
the blend of the two was able to kill mice. 
 
Griffith was also able to get both live rough and live smooth strains of S. 
pneumonia from the blood of these dead mice. He concluded that the rough had 
been "transformed" into the lethal smooth strain by a "transforming principle" that 
was somehow part of the dead smooth strain bacteria. The "transforming 
principle" Griffith saw was the DNA of the smooth strain bacteria. While the 
bacteria had been killed, the DNA had survived the heating process and was taken 
up by the rough strain bacteria. The smooth strain DNA contains the genes that 
form the shielding polysaccharide part from attack. Armed with this gene, the 
former rough strain bacteria were now protected from the host's immune system 
and could kill the host (Figure 8.16). 
 
The effect was first demonstrated in 1944 by Oswald Avery, Collin Macleod, and 
McCarty. They showed gene transfer in Streptococcus pneumoniae. Avery. 
Macleod and McCarty call the uptake and incorporation of DNA by bacteria 
as transformation. More generally the term is used to describe mechanisms of 
DNA and RNA transfer in molecular biology. For example the production of 
transgenic plants like transgenic maize requires the insertion of new genetic 
information into the maize genome. 
 

 
Figure 8.16: Transofrmation.  Griffith’s experiment discovering the 
transforming principle in S. pneumoniae 
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Mechanism of Transformation 
The ability of bacteria to take up foreign DNA is called competence. There are 
two different forms of competence.  

 
1.  Natural Competence  
 Natural bacterial transformation occurs only in bacterial species capable of 

natural competence. Such species carry sets of genes specifying machinery. It 
brings DNA across the cell membrane or membranes. The evolutionary 
function of these genes is controversial. Although researchers have assumed 
that cells take up DNA to acquire new versions of genes. A simpler explanation 
is that the cells take up DNA mainly as a source of nucleotides. These 
nucleotides can be used directly or broken down and used for other purposes. 

 
Most naturally transformable bacteria express their competence genes. They 
develop competence only under specific conditions like response to a nutritional 
stress. Once the DNA has been brought into the cell’s cytoplasm, it may be 
degraded by cellular nuclease. But sometimes, it is very similar to the cells own 
DNA. Therefore, the enzymes that normally repair DNA may recombine it with 
the chromosome. Natural transformation, is very efficient for linear molecules 
such as fragments of chromosomal DNA. But it is not used for transfer of circular 
plasmid DNA (Figure 8.17). 

 
 
Figure 8.17: Natural Competence of Transformation. DNA taken by 
competent bacteria may become part of genome or exists as plasmid. 
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8.4.3. Artificial Competence 
 
Artificial competence is not encoded in the cell’s genes. Instead it is a laboratory 
procedure. In this procedure, the cells are passively made permeable to DNA. 
These procedures are comparatively easy and simple. It can be used to genetically 
engineer bacteria. There are following methods of artificial competence: 
 
1. Chemical transformation is the way in which antibiotic sensitive bacterial cells 
are chilled in the presence of divalent cations such as CaCl2. It prepares the cell 
walls to become permeable for plasmid DNA. Cells are incubated with the DNA 
and then briefly heat shocked (42ºC for 30-120 seconds). It causes the DNA to 
enter the cell. This method works well for circular plasmid DNAs. But it is not 
used for linear molecules such as fragments of chromosomal DNA. A plasmid 
DNA molecule will usually contain an antibiotic resistance gene. It is placed in a 
bacterial strain that has no antibiotic resistance. Therefore, only transformed 
bacteria can grow on a media with the antibiotic which is known as a selection 
medium (Figure 8.18 A). 
 
2. Electroporation is another way to make holes in cells. In this case, cells are 
briefly shocked with an electric field of 100-200V. Now plasmid DNA can enter 
the cell through these holes. Natural membrane-repair mechanisms will close 
these holes afterwards (Figure 8.18 B). 
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Figure 8.18: Artificial Competence Of Transformation. (A) Chemical 
transformation  (B) Electroporation. 
 

Activity 4: Make models showing different ways of transmission of genetic 
material in bacteria. 

 
Self Assessment Questions 
 
Q: Fill in the blanks. 
i.  The transfer of genetic material between bacteria through cell-to-cell contact 

is called bacterial………….. (Conjugation) 
ii.  The prototype for conjugative plasmids is the F-plasmid also called F-

factor. The F-plasmid is an ………….. (Episome) 
iii.  DNA incorporate into bacterial DNA as……………….(Prophage) 
iv. ……………….. competence is not encoded in the cell’s genes. (Artificial) 
v.  ……………. is the genetic alteration of a cell resulting from the 

introduction, uptake and expression of foreign genetic material 
(Transformation) 
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Q: Answer the following: 
i.  What is bacteriophage? 
ii.  What is oncogenesis? 
iii.  What do you know about electroporation? 
iv.  What is Hfr? 
v.  Write about three forms of transduction. 
 
Q: Choose the correct answer.  
i.  There can only be one copy of the F-plasmid in a bacterium. Such bacterium 

is called  
a.  F-positive  
b.  Male bacterium 
c.  Both a and b 

 
ii.  ……………. of cell gives rise to new recombinant bacteria 

a.  Binary fission 
b.  Multiple fission 
c.  Both a and b 

 
iii.  ………………….. is the process by which bacterial DNA is moved from 

one bacterium to another by a virus.  
a.  Conjugation 
b.  Transformation 
c.  Transduction 

 
iv.  Generalised transduction occurs in ……………….. of phage virus 
 a.  Lytic cycle 
 b. Lysogenic cycle 
 c.  Both a and b 
 
v.  Specialised transduction occurs in ……………….. of phage virus 
 a.  Lytic cycle 
 b. Lysogenic cycle 
 c.  Both a and b 
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8.5 PRINCIPLES OF GENETIC ENGINEERING/ 
BIOTECHNOLOGY; BASIC GENETIC  

 
Engineering Techniques 
The process of manipulating genes, usually outside the organism’s normal 
reproductive process is called genetic engineering or genetic modification 
(GM) or gene splicing. 
 

Basic Genetic Engineering Techniques 
Genetic engineering techniques of such gene manipulation involve 
1. Isolation of a specific deoxyribonucleic acid (DNA) molecule or molecules 

to be replicated (the passenger DNA). 
2. The joining of this DNA with a DNA vector (also known as  vehicle or a 

replicon). It is capable of autonomous replication in a living cell after 
foreign DNA has been inserted into it. 

3. The transfer, via transformation or transfection of the recombinant molecule 
into a suitable host. 

4. Isolation of passenger (Foreign) DNA 
 

1.  Isolation of DNA Molecules 
 Passenger DNA may be isolated in a number of ways; 

(a)  DNA Restriction Enzymes 
 The most common method of isolation of passenger DNA is DNA 

restriction. Restriction endonucleases break the high-molecular-weight 
DNA into fragments. Three different classes of the enzymes are present. But 
only type II restriction endonuchases are used extensively in the 
manipulation of DNA. Type II restriction endonucleases are DNAases. They 
recognize specific short nucleotide sequences (usually 4 to 6 base pairs in 
length), and then cleave both strands of the DNA duplex. It generates 
discrete DNA fragments of defined length and sequence. 

 
 The various fragments of a specific DNA are separated into different bands 

of distinct molecular weights by agarose gel electrophoresis. Specific 
sequences of these bands can be identified by a technique called Southern 
blotting. In this technique, DNA restriction fragments present on a gel are 
denatured. They are blotted on a nitrocellulose filter. The filter is incubated 
together with a radioactively labeled DNA or RNA probe. These probes are 
specific for the gene under study. The labeled probe hybridizes to its 
complement in the restricted DNA. The regions of hybridization are 
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detected by autoradiography. Fragments of interest can then be separated 
out of these gels and used for cloning (Figure 8.19). 

 

 
 
Figure 8.19: DNA restriction enzymes. It shows conversion of genomic DNA 
into fragments with restriction endonucleases followed by their separation by gel 
electrophoresis and then to view them after probe hybridization. 

(b) Sonification 
 It is another method used to generate small DNA fragments by mechanical 

shearing. In this case, intense sonification of high-molecular-weight DNA is 
done with the help of ultrasound or high-speed stirring blender. This method 
is used to produce DNA fragments of a certain size range. Shearing results 
in random breakage of DNA. It produces termini consisting of short, single-
stranded regions. 

(c) Complementary DNA 
 Other source of DNA is synthesis of complementary DNA (cDNA). It is 

synthesized in test tube artificially by joining nucleotides. 
 

2. Joining DNA Molecules 
 Following techniques are used to join DNA molecules; 
 (a) The cleavage with a restriction endonuclease creates cohesive ends 

(sticky ends). These fragments can be jointed with a similarly cleaved 
DNA from another source like vector. The joint has nicks a few base 
pairs apart in opposite strands. The enzyme DNA ligase is used to 
repair these nicks. It forms an intact duplex recombinant molecule. 
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Cohesive ends can also be created by the addition of synthetic DNA 
linkers to blunt-ended DNA molecules (Figure 8.20). 

 

 
Figure 8.20: Joining of DNA Molecules. DNA from two sources cut with same 
restriction enzymes to create cohesive ends and then joing by DNA ligase to 
create recombinant molecule. 
 

8.5.1 Transformation 
The desired DNA sequence attached to a DNA vector is transferred to a suitable 
host. Transformation is defined as the introduction of foreign DNA into a 
recipient cell. Transformation of a cell with DNA from a virus is 
called transfection. 
 
Transformation in any organism involves; 
(1)  Method that allows the introduction of DNA into the cell  
(2)  Stable integration of DNA into a chromosome, or maintenance of the DNA 

as a self-replicating entity. 
 

Transformation in Microorganisms 
(a) Escherichia coli is the host of choice for cloning experiments. The 

transformation of E. coli is an essential step in these 
experiments. Escherichia coli are treated with calcium chloride. They then 
take up DNA from bacteriophage lambda and other plasmid DNA. Calcium 
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chloride causes some structural alterations in the bacterial cell wall (Figure 
8.21). 

 
(b)   Transformation in Bacillus species is done by polyethylene glycol-induced 

DNA uptake in bacterial protoplasts. The bacterial cell wall is later 
regenerated. Actinomycetes can be similarly transformed. 

(c) Transformation can also be achieved by first entrapping the DNA 
with liposomes. Later these liposomes are fused with host cell membrane. 
Similar transformation methods have been developed for lower eukaryotes 
such as the yeast Saccharomvces cerevisiae and the filamentous 
fungus Neurospora crassa. 

 

 
 
Figure 8.21: Tranformation in E.Coli. Plasmid taken up by E.Coli and formed 
transformed cell. 
 
Transformation in Animals 
(a) Several methods are available for the transfer of DNA into cells of higher 

eukaryotes. Specific genes or entire viral genomes can be introduced into 
cultured mammalian cells in the form of a co-precipitate with calcium 
phosphate. DNA complexed with calcium phosphate is readily taken up and 
expressed by mammalian cells. 

(b) DNA complexed with diethylamino-ethyl-dextran (DEAE dextran) or DNA 
trapped in liposomes or erythrocyte ghosts may also be used in mammalian 
transformation. 

(c) Bacterial protoplasts containing plasmids can be fused to intact animal cells 
with the help of chemical agents like polyethylene glycol (PEG). 

(d) DNA can be directly introduced into cells by microinjection. The efficiency 
of transfer by each of these methods is quite variable. 
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Transformation in Plants 
(a) In plants, T-DNA (transferred DNA) region of the tumor-inducing (Ti) 

plasmid of Agrobacterium tumefaciens are used to introduced DNA into 
plant cells. The Gram negative soil bacterium Agrobacterium tumefaciens is 
a phytopathogen that as a normal part of its life cycle, genetically transforms 
plant cells. The genetic transformation leads to the formation of crown gall 
tumors, which interfere with the normal growth of an infected plant. This 
agronomically important disease affects only dicotyledonous plants (dicots) 
including grapes, stone fruit trees (peaches) and roses (Figure 8.22 A).  

 
(b) But there are limitations of the host range of A. tumefaciens. Therefore, 

alternative transformation systems are developed for gene transfer in plants. 
They include the use of liposomes and induction of DNA uptake in plant 
protoplasts (Figure 8.22 B). 

 
(c) Foreign DNA is also introduced into plant cells by a technique called 

electroporation. This technique involves the use of electric pulses to make 
plant plasma membranes permeable to plasmid DNA molecules. Plasmid 
DNA taken up in this way has been shown to be stably inherited and 
expressed (Figure 8.22 C). 

 
(d) Use of Particle Gun: This method is developed by John C 

Sanford and Theodore M. Klein of Cornell University in 1987. They 
introduced DNA into a plant tissue culture callus. They developed a device 
called particle gun. This gun bombards a callus with microscopic metal 
particles. These particles are coated with DNA. The callus produces 
genetically altered somatic embryos. These embryos produce adult plants. 
Many plants like corn and wheat varieties are genetically engineered by this 
method (Figure 8.22 D). 
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Figure 8.22: Transformation in Plants. (A) Infection of a plant with 
A.tumefaciens and formation of crown gall (B) Enzymatic procedure used to 
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isolate plant protoplasts (C) Electroporation in which lipid bi-layer (cell 
membrane) interacts with an electric impulse to generate permeation site (D) 
particle gun method to introduce DNA into callus which later develops into plant. 
 
8.5.2 Cloning Vectors 
 
There is a large variety of potential vectors for cloned genes. The vectors differ in 
different classes of organisms. 
(a) Prokaryotes and Lower Eukaryotes: Three types of vectors are used in 

these organisms: plasmids, bacteriophages and cosmids. 

 Plasmids: Plasmids are extra chromosomal DNA sequences that are 
stably inherited. Escherichia coli and its plasmids constitute the most 
versatile type of host-vector system known for DNA cloning. In 
addition, a variety of derivatives of natural plasmids have been 
constructed by combining DNA segments and desirable qualities of 
older cloning vehicles. The most versatile and widely used of these 
plasmids is pBR322. Transformation in yeast has been demonstrated 
using a number of plasmids, including vectors derived from the 
naturally occurring plasmid of yeast (Figure 8.23 A). 

 Bacteriophage: Bacteriophage lambda is a virus of E. coll. Several 
lambda-derived vectors have been developed for cloning in E 
coli. These lambda derivatives have several advantages over plasmids: 
(1) Thousands of recombinant phage can easily be screened for a 
particular DNA sequence on a single petri dish by molecular 
hybridization. (2) Packaging of recombinant DNA in laboratory 
cultures provides a very efficient means of DNA uptake by the 
bacteria. (3) Thousands of independently packaged recombinant 
phages can be easily replicated and stored in a single solution as a 
library of genomic sequences (Figure 8.23 B). 

 Cosmids: Plasmids have also been constructed that contain the 
phage cos DNA site and ColE1 DNA segments. Cos DNA is required 
for packaging into the phage particles. ColE I DNA segments required 
for plasmid replication These plasmids are called as cosmids. The 
recombinant cosmid DNA is injected into a host. They circulate like 
phage DNA but replicates like plasmid. 

 



 

 
Figure 8.23: Types of vectors.
antibiotic resistance genes (B) Structure  of bacteriophage lamba.
 
(b) Animal Cells 
 Very few vectors are available for introducing

cells. The most commonly used are derived 
(SV40). Normal SV40 cannot
lacking portions of the genome can be used as vector.

 
(c) Plant Cells 
 Two systems for the delivery and integration of foreign genes into the plant 

genome are the Ti plasmid
the DNA plant virion cauliflower mosaic virus. 
gene transfer vector carried by
causes crown gall tumor formati
segment present in the Ti plasmid becomes stably integrated into the plant 
cell genome during infection.

 

Self Assessment Questions
 
Q: Fill in the blanks. 
i.  The process of manipulating genes, usually outside the organism’s normal 

reproductive process is called …………….. (
ii.  …………….. break the high

(Restriction endonucleases
iii.  The regions of hybridization are detected by

(Autoradiography)
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of vectors. (A) PBR322 showing restriction sites and 
antibiotic resistance genes (B) Structure  of bacteriophage lamba. 

Very few vectors are available for introducing foreign genes into animal 
cells. The most commonly used are derived from simian virus 40 

Normal SV40 cannot be used as a vector. However, SV40 mutants 
lacking portions of the genome can be used as vector. 

Two systems for the delivery and integration of foreign genes into the plant 
Ti plasmid of the soil bacterium Agrobaclerium

DNA plant virion cauliflower mosaic virus. Ti plasmid is a natural 
gene transfer vector carried by A. tumefaciens, a pathogenic bacterium. It 
causes crown gall tumor formation in dicotyledonous plants. A T
segment present in the Ti plasmid becomes stably integrated into the plant 
cell genome during infection. 

Questions 

The process of manipulating genes, usually outside the organism’s normal 
process is called …………….. (Genetic engineering)

break the high-molecular-weight DNA into fragments.
Restriction endonucleases) 

The regions of hybridization are detected by ………………
(Autoradiography) 

 

(A) PBR322 showing restriction sites and 

foreign genes into animal 
simian virus 40 

V40 mutants 

Two systems for the delivery and integration of foreign genes into the plant 
Agrobaclerium and 

Ti plasmid is a natural 
a pathogenic bacterium. It 

A T-DNA 
segment present in the Ti plasmid becomes stably integrated into the plant 

The process of manipulating genes, usually outside the organism’s normal 
Genetic engineering) 

weight DNA into fragments. 

……………… 
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iv.  DNA from two sources cut with same restriction enzymes to create cohesive 
ends and then joing by ……………. to create recombinant molecule. ( DNA 
ligase) 

v.  Transformation of a cell with DNA from a virus is called …………….. 
(Transfection) 

 
Q: Answer the following: 
i.  What is sonication? 
ii.  What are plasmids and cosmids? 
iii.  Write the function of transferred DNA. 
iv.  How A. tumefaciens is responsible for causing crown gall tumor. 
v.  How PBR322 works? 
 
Q: Choose the correct answer:  
i.  The cell in which recombinant molecule propagate is  

a.  Host  
b.  Vector 
c.  Plasmid 

ii.  Specific sequences of DNA bands can be identified by a technique called  
a.  Southern blotting 
b.  Northern blotting 
c.  Western bloing 

iii.  Natural genetic transfer is 
 a.  A. tumefaciens 
 b.  A. radiobactor 
 c.  T. aquaticus 
iv.  Chemicals used for gene transfer 
 a.  Polyethylene glycol 
 b.  Dextran 
 c.  Both a and b 
v.  The transformation method that uses gold particles coated with DNA 
 a.  Acceleration method 
 b.  High velocity method 
 c.  Particle gun method 
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8.6 APPLICATION OF GENETICS IN PLANT IMPROVEMENT: 
INDUCTION OF GENETIC VARIABILITY (GENE MUTATION, 
RECOMBINATION), PHYSICAL AND CHEMICAL MUTAGENS, 
SELECTION, HYBRIDISATION AND PLANT BREEDING 
TECHNIQUES 
 
8.6.1 Applications of Genetics in Plant Improvement 
Genetics and genetic engineering has placed an important role in improvement of 
plant production. There are following applications of genetics in plant 
improvement. 

1. Production of Polyploid Crops 
 The techniques of genetics for producing polyploid crops have improved the 

yield of crops. Today most of major crops like wheat, corn are poly ploid. 
Wheat is hexaploid. In has increased the yield of wheat. The new varieties 
of wheat introduced the concept of green revolution. Green revolution has 
dramatically,’ improved the production of grains. Thus it reduced hunger 
and famine on the earth. 

 

2. Hybridization 
 It is a traditional technique. The crossing of different varieties of plants 

species is called hybridization. Hybridization is used to produce plants with 
desirable traits. Vegetative propagation is performed on hybrid plants. It 
produces large number of identical plants with these traits. 

 

3. Transgenic Plants 
 The plants with foreign DNA are called transgenic plants. It has introduced 

many new characters in plant. It helps a lot in improving the yield and 
quality of crops. . In 1999, transgenic crops were planted on 70 million acres 
world wide. The acreage is expected to triple in five years. 

 

4. Insect and Herbicides Resistant Plants  
 Cotton, corn, potato and soybean plants are engineered. These plants are 

resistant to insect predation or herbicides. Some corn and cotton plants are 
both insect and herbicide resistant. These plants are environmentally safe. 
These crops are resistant to a broad-spectrum herbicide. But weeds are not 
resistant to herbicides. Thus the herbicides kill the weeds but do not kill the 
crops. Therefore, weeds are easily controlled by herbicides. It does not need 
tillage. Thus it also minimizes the soil erosion. 
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5. Improvement in Quality of Food  
 It is one aim of genetic engineering. Genetic engineering is used to produce 

crops with improved food quality traits. Examples: 
 (a) Transgenic soybean is developed. This soybean produces 

monounsaturated fatty acid oleic acid. It is a big change. It can 
improve human health. 

 (b) Genes were derived from Vernonia and castor bean seeds. These genes 
were transferred into the soybean genomes. These altered plants also 
produce vernolic acid and ricinoleic acid. These are derivatives of 
oleic acid. Vernolie acid and ricinoleic acid are used to harden the 
paints and plastics. 

 

6. Salt Tolerant Plants 
 Genetic engineers have developed a salt tolerant plant Arabidopsis. It has 

following steps: 
 (a) The scientists identified a gene coding for a channel proteins. These 

proteins transport Na ions across a vacuole membrane. Na ions are 
stored in a vacuole. Thus Na does not interfere into plant metabolism. 

 (b) The scientists cloned the gene ad used these genes in genetically 
engineered plants. These plants overproduce the channel protein. 

 (c) The modified plants grow well in water with a salty solution. Irrigation 
causes salinization of soil. It reduces crop yields. Today crop 
production is reduced by 50% of due to salinization. This problem is 
solved by producing salt — tolerant crops. Production of alt, drought 
and cold tolerant crops can increase the agricultural yields. It will 
reduce the need of more farm acreage ft will provide enough food for 
world population. The population is expected to become nearly double 
by 2050. 

 

7. Production Human Products from Plants 
 Single gene transfers have allowed plants to produce various products. 

Transgenic plants are used to produce human hormones, clotting factors, 
enzymes and antibodies. 

 

8.6 .2 Introduction of Genetic Variability 
The amount by which individuals shows population differ from one another due 
to their genes, rather than their environment is called genetic variability. The 
study of genetic variability is part of population genetics. Genetic variability is 
caused by two factors: mutations and genetic recombination.  
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Importance of Genetic Variability 
Genetic variability has great importance for the survival of species. Low genetic 
variability can put the survival of specie in danger. For example the Iris potato 
famine occurred due to low genetic variability for potatoes. Thus, the single 
fungus destroyed all the same crops of potato. 
 

8.6.2.1 Gene Mutation 
The changes to the genetic material (either DNA) are called mutation. Mutations 
can be caused by 
1.    Copying errors in the genetic material during cell division 
2. By exposure to radiation and chemicals (mutagens). 
3. Viruses may causes mutations 
4. Mutations can occur under cellular control during processes such as meiosis 

or hypermutation. In multi-cellular organisms, mutations can be subdivided 
into two types: 
 Germline Mutations: These mutations can be passed on to 

descendants. 
 Somatic Mutations: The somatic mutations cannot be transmitted to 

descendants in animals. Plants sometimes can transmit somatic 
mutations to their descendants asexually or sexually (in case when 
Bower buds develop in somatically mutated part of plant). 

 

Effects of Mutations 
Mutations create variation in the gene pool. Therefore, mutations can be: 
(a) Deleterious: These mutations can be less favorable (or 

deleterious) mutations. These are removed from the gene pool by natural 
selection. 

(b) Beneficial: But more favorable (beneficial or advantageous) tend to 
accumulate through evolution. 

(c) Neutral mutations: Neutral mutations are defined as mutations whose 
effects do not influence the fitness of either the species or the individuals of 
the species. These can accumulate over time due to genetic drift. DNA 
repair is able to revert most changes before they become permanent 
mutations. Therefore, majority of mutations have no significant effect. 
Many organisms have mechanisms for eliminating permanently mutated 
somatic cells. 
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Classification of Mutations by Effect on Structure 
The DNA sequence of a gene can be altered in a number of ways. Gene mutations 
have varying effects on health. It depends on where they occur and whether they 
alter the function of essential proteins. Structurally, mutations can be classified as: 

(a) Small Scale Mutations: These mutations affecting one or a few 
nucleotides. These are 

 
1. Point mutations: Point mutations could be divided in to two sub-types: 

base-pair substitutions and base pair insertions or deletions (Figure 8.24). 

(a)  A Base-Pair Substitution 
 Replacement of one nucleotide and its partner from the 

complementary DNA strand with another pair of nucleotides is base-
pair substitution. There may be following types of base pair 
substitution: 

 
(i)   Missense Mutation 
 In this case altered codons still code for amino acids and thus make sense. 

But these sense may not be the right sense. There are two types of missense 
mutations: 

(a)    Harmless Missense Mutation  
 There is redundancy of the genetic code. So, some substitution 

mutations have no effect on the protein codes. Change in base pair 
may transform one codon into other which also translates into the 
same amino acid. 

(b)    Lethal Missense Mutations 
 The change of single amino acid in important area of protein is called 

lethal missense mutation. This alteration significantly alters protein. 
Such mutations are dangerous. They create useless or less active 
proteins that impair cellular function. 

 
(ii)  Non-Sense Mutation 
 It is an alteration in change of codon of amino acid to a stop signal. In such 

case, point mutation changes codon for amino acid into a codon that signals 
termination. 
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(a)  Base Pair Insertions and Deletions or Frame Shift 
Mutations 

 Insertions and deletions are related to the addition or loss of one or 
more nucleotide pairs which can have more dangerous effect. The 
mRNA reads as a series of triple nucleotide during translation. So, the 
nucleotides mutation changes the reading frame of the genetic 
message. Such mutations are called frames shift mutations. These 
mutations occur when nucleotides insertion or deletion number is not a 
multiple of 3. 

 
Figure 8.24: Base Pair Mutations. Nucleotide may be missing, or an extra is 
added. 
 

 (b) Large Scale Mutations: These mutations causes change in 
chromosomal structure including: 
1.  Amplifications (or gene duplications) leading to multiple copies 

of chromosomal regions. It increases the dosage of the genes 
located within them. 

2. Deletions of large chromosomal regions, leading to loss of the 
genes within those regions. 
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3. Mutations whose effect is to juxtapose previously separate pieces 
of DNA. It brings together separate genes to form functionally 
distinct fusion genes. These include: 
 Chromosomal translocations: interchange of genetic parts 

from non homologous chromosomes. 
 Interstitial deletions: removing .regions of DNA from a 

single chromosome, thereby apposing previously distant 
genes. 

 Chromosomal inversions: reversing the orientation of a 
chromosomal segment. 

  4.  Loss of heterozygosity: loss of one allele, either by a deletion or 
recombination event, in organisms which previously had two. 

 

(c)  Classification of Mutation by Effect on Function 
 
1.  Amormphic mutations or Loss-of-function mutations are the result of gene 

product having less or no function. When the allele has a complete loss of 
function (null allele) it is often called an amorphic mutation. Phenotypes 
associated with such mutations are most often recessive. 

 

2.  Neomorphic mutations or Gain-of-function mutations change the gene 
product such that it gains a new and abnormal function. These mutations 
usually have dominant phenotypes. These are also called a neomorphic 
mutation. 

 

3.  Actinomorphic mutations or Dominant negative mutations have an 
altered gene product that acts antagonistically to the wild-type allele. These 
mutations usually result in an altered molecular function (often inactive). 
They are characterized by a dominant or semi-dominant phenotype. 

 

4.  Lethal mutations are mutations that lead to a phenotype incapable of 
effective reproduction. 

 

(d)  Classification of Mutations on the Basis of Causing Agents 
 There are two classes of mutations are spontaneous mutations and induced 

mutations caused by mutagens. 
 

1.  Spontaneous Mutations: The mutations caused due to molecular decay 
are called spontaneous mutations. These include: 
 Tautogmerisin – A based is changed by the repositioning of a 

hydrogen atom. 
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 Depurination – Loss of a purine base (A or G). 
 Deamination – Changes a normal base to any typical base (which can 

be corrected by DNA repair mechanisms) 
 Transition – A purine changes to another purine, or a pyrimidine to a 

pyrimidine. 
 Transversion – A purine becomes a pyrimidine, or vice versa. 

 

2.  Induced Mutations: The mutations caused by mutagens are called 
induced mutations: Induced mutations may be caused by chemicals like 
Nitrosoguanidine (NTG) or by radiation like ultraviolet radiations. 

 
Effects of Mutations  
1.  Changes in DNA caused by mutation can cause errors in protein sequence, 

creating partially or completely non-functional proteins. 
2.  If a mutation is present in a germ cell. this can give rise to offspring that 

carries the mutation in all of its cells. This is the case in hereditary diseases. 
3.  Often, gene mutations that could cause a genetic disorder are repaired by the 

DNA repair system of the cell. Each cell has a number of pathways through 
which enzymes recognize and repair mistakes in DNA. 

4.  A very small percentage of all mutations actually have a positive effect. 
These mutations lead to new versions of proteins. These proteins help an 
organism and its future generations better adapt to changes in their 
environment. 

 

8.6.2.2 Genetic Recombination 
 
Genetic recombination is the transmission-genetic process by which the 
combinations of alleles observed at different loci in two parental individuals 
become shuffled in offspring. Such shuffling can be the result of: 
 

(a) Crossing Over: The recombination via intra-chromosomal recombinationis 
called crossing over. Crossing over of one of the chromosomes inherited 
from each of one’s parents occurs during meiosis in that parent. After 
chromosomal replication during gametogenesis, the four available 
chromatids from charismata. During this time, homologous sites on two 
chromatids can mesh with one another and exchange genetic information. 
Immediately after replication, the tetrad formed by replication contains two, 
pairs of two identical chromatids. After crossing over each of the four 
chromatids carries a unique set of genetic information (Figure 8.25). 
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Figure 8.25: Crossing over. Exchange of chromosomal segments 
 

(b) Independent Assortment: The inter chromososomal recombination is 
called independent assortment. Recombination therefore only shuffles 
already existing genetic variation. It does not create new variation at the 
involved loci. In molecular biology, recombination is the molecular process by 
which genetic variation found associated at two different places in a continuous 
piece of DNA becomes disassociated (shuffled). In this process one or both of 
the genetic variants are replaced by different variants found at the same two 
places in a second DNA molecule. One mechanism leading to such molecular 
recombination is chromosomal crossing over. Such shuffling of variation is also 
possible between duplicated loci within the same DNA molecule. 

 
Other Types of Recombinations 
 
1.  Conservative Site-Specific Recombination 

In this case, a mobile DNA element is inserted into a strand of DNA by 
means similar to that seen in crossover. A segment of DNA on the mobile 
element matches exactly with a segment of DNA on the target. Integrases 
are a special type of Recombinases. 

 

2.  Transpositional Recombination 
Transpositional recombination does not require an identical strand of DNA 
in the mobile element to match with the target DNA. Instead, the integrases 
introduce nicks in both the mobile element and the target DNA. It allows the 
mobile DNA to enter the sequence. The nicks are then removed by ligases. 
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3.  Non-homologous Recombination 
Recombination between DNA sequences that contain no sequence even 
though have similar homology is called nonhomologous recombination or 
recombination end joining. 

 

Mutagens: Types, Selection and Significance 
A mutagen is a substance or agent that induces heritable change in cells or 
organisms. Mutagenesis is the processes that result in genetic change. A mutation 
is any change in a cell or in an organism that is transmitted to subsequent 
generations. Mutations can occur spontaneously or be induced by chemical or 
physical agents. The cause of mutations is usually some form of damage to DNA 
or chromosomes. However, damage can occur in a segment of DNA that is a non-
coding region and thus will not result in a mutation. Mutations may or may not be 
harmful. They may occur in either somatic or germ cells. Mutations that occur in 
germ cells may be transmitted to subsequent generations (Figure 8.26). 
 

 
 
Figure 8.26: Mutagens. Physical and chemical mutagens are shown. 
There are two types of mutagens: Chemical mutagens and physical mutagens. 
 

(a)  Chemical Mutagens  
 
1.  Nitrosoguanidine (NTG) 
2. Base analogs (e.g. BrdU) 
3. Simple chemicals (e.g. acids) 
4. Alkylating agents (e.g. N-ethyl-N-nitrosourea (ENU): These agents can 

mutate both replicating and non-replicating DNA. In contrast, a base analog 
can only mutate the DNA when the analog is incorporated in replicating the 
DNA. Each of these classes of chemical mutagens has certain effects that 
then lead to transitions, transversions, or deletions. 
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5. Methylating agents (e.g. ethane methyl sulfonate (EMS)) 
6. Polycyclic hydrocarbons (e.g. benzpyrenes found in internal combustion 

engine exhaust) 
7. DNA intercalating agents (e.g. ethidium bromide) 
8. DNA crosslinker (e.g. platinum) 
9. Oxidative damage caused by oxygen radicals. 
 

(b)  Physical Mutagens 
 Physical mutagens arc non-ionizing and ionizing radiations: 
1.  Ultraviolet Radiation (nonionizing radiation): These radiations excite 

electrons to a higher energy level. DNA absorbs ultraviolet light. Two 
nucleotide bases in DNA – cytosine and thymine-are most vulnerable to 
excitation that can change base-pairing properties. UV light can induce adjacent 
thymine bases in a DNA strand to pair with each other, as a bulky dimer. 

2.  Ionizing Radiation: These radiations are X- rays, gamma rays etc. DNA has 
so-called hotspot  where mutations occur up to 100 times more than the normal 
mutation rate. A hotspot can beat an unusual base, e.g; 5-methylcytosine. 
Ionizing radiations attacks on these hot spot and break the DNA. 

 

Selection 
The process by which certain traits or gene are selected due to some 
environmental advantage is called selection. Selection is classified into natural 
and artificial selection. In the context of evolution, certain traits or alleles of a 
species may be subject to selection. Under selection, individuals with 
advantageous or “adaptive” traits tend to be more successful. They contribute 
more offspring to the succeeding generation than others do. The offspring will 
inherit those traits from their parents. Therefore, selection can increase the 
prevalence of certain traits. When selection is intense and persistent, then adaptive 
traits become universal to the population or species. 
 

Significance of Selection 
Selection does not guarantee that advantageous traits or alleles will become 
prevalent within a population. Through genetic drift, such traits may become less 
common or disappear. In the face of selection even a so-called deleterious 
allele may become universal to the members of a species. This is a risk primarily 
in the case of “weak” selection or small populations. Though deleterious alleles 
may sometimes become established, selection may act “negatively” as well as 
“positively. 
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1.  Negative Selection decreases the prevalence of traits that diminish 
individuals capacity to succeed reproductively (i.e. their fitness). 

2.  Positive Selection increases the prevalence of adaptive traits. Patterns of 
selection Aspects of selection may be divided into effects on a phenotype 
and their causes. The effects are called patterns of selection. They do not 
necessarily result from particular causes (mechanisms). In fact each pattern 
can arise from a number of different mechanisms. 

 a.  Stabilizing Selection favors individuals with intermediate 
characteristics. 

 b.  Disruptive Selection favors those with extreme characteristics. 
 c.  Directional Selection occurs when characteristics lie along a 

phenotypic spectrum and the  individuals at one end are more 
successful. 

 d.  Balancing Selection is a pattern in which multiple characteristics may 
be favored. 

 

Plant Breeding 
Plant breeding is the purposeful manipulation of plant species in order to create 
genotypes and phenotypes for specific purposes. This manipulation involves 
either controlled pollination, genetic engineering, or both. It is followed by 
artificial selection of progeny. Plant breeding often leads to plant 
domestication. It has been practiced for thousands of years, since near the 
beginning of human civilization. It is now practiced worldwide by government 
institutions and commercial enterprises. International development agencies 
believe that breeding new crops is important for ensuring food security and 
developing practices of .agriculture through the development of crops suitable for 
their environment. The choice of plant breeders for plant breeding is: 
 
1. Increased quality and yield of the crop 
2. Increased tolerance of environmental pressures (salinity, extreme 

temperature, drought) 
3. Resistance to viruses, fungi and bacteria 
4. Increased tolerance to insect pests 
5. Increased tolerance of herbicides 
 

Domestication 
Domestication of plants is an artificial selection process conducted by humans. It 
produces plants that have fewer undesirable traits of wild plants. It makes them 
dependent on artificial environment. Many crops in present day cultivation are the 
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result of domestication in ancient times, about 5,000 years ago. A cultivated crop 
species that has evolved from wild populations due to selective pressures is called 
a landrace. Landraces are plants that are ideally suited to a particular region or 
environment. 
 

Procedure of Plant Breeding 
 
The basis of all Plant breeding is selection, or the picking out of plants. These 
selected plants have best combinations of agricultural and quality characteristics. 
Seeds from the selected plants are used to produce the next generation. From 
which a further cycle of selection is carried out. Conventional breeding is divided 
into three categories. 
 1.   First are self-pollinated species. Fertilization follows the germination of 

pollen on the stigmas of the same plant on which it was produced. 
2. The second category of species sets seeds by cross-pollination. The 

fertilization follows the germination of pollen on the stigmas of different 
plants. 

3. The third category comprises the species that are asexually propagated. The 
commercial crop results from planting vegetative parts or by grafting. 

 
Following types of crosses arc used in these plants: 
(a) Pedigree breeding: There is a great advantage of self- pollinating crop species 

like wheat, barley, oats, and many edible legumes. Once they are genetically 
pure, varieties can be maintained without change for many generations. 
Genetic variation can be produced among which selection can be practiced. 
This is achieved by artificially hybridizing between parental varieties 
possessing different desirable traits. This system is known as pedigree 
breeding. This method is most commonly used. 

 
(b) Backcrossing: Another form of breeding used for self- pollinating species is 

backcrossing. This is used when an existing variety is broadly satisfactory. 
But it lacks one useful and simply inherited trait. This trait is found in sonic 
other variety. Hybrids are made between the two varieties. “I–he first hybrid 
generation is crossed, or backcrossed, with the satisfactory variety which is 
known as the recurrent parent. Backcrossing is very useful in practice. It 
has been extensively used in adding resistance to diseases, such as rust. 
smut, or mildew. 

 
(c) Inbreeding: Natural population of of cross-pollinating species have great 

genetic diversity. No seed parent is true-breeding. In such plants a systems 
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developed in which hybrid vigor is exploited. Varieties of asexually 
propagated crops consist of large number of genetically identical plants. 
There are only two ways of introducing new and improved varieties: by 
sexual reproduction and by the isolation of somatic mutations. The latter 
method is often used successfully for decorative plants like chrysanthemum. 
New forms of potato have occasionally arisen in this way. When sexual 
reproduction is used, hybrids are produced on a large scale between existing 
varieties. Cell technologies have been used to extend the range and 
efficiency of asexual plant propagation. 

 
Genetic Modification of Plants 
 
Genetic modification of plants is achieved by adding a specific gene or genes to a 
plant, or by knocking out a gene with RNA. The plants resulting from adding 
genes are often are called transgenic plants. Desirable genes from bacteria, plants, 
and animals are inserted into these plants. Following procedure is adapted for 
genetically modifying plants: 
 
1.  Preparation of genetic construct 
 A genetic construct is designed so that the gene to be added will be 

expressed by the plant. A promoter to drive transcription and a termination 
sequence to stop transcription of the new gene, and the genes of interest are 
introduced to the plant. A marker for the selection of transformed plants is 
also included. In the laboratory, antibiotic resistance is a commonly 
used marker. The plants that have been successfully transformed will grow 
on media containing antibiotics. The plants that have not been transformed 
will die. 

 
2.  Insertion of construct into plant 
 The construct can be inserted in the plant genome by genetic recombination 

using the bacteria Agrobacterhan onnejaciens. A. rhizogenes, or direct 
methods like the gene gun or microinjection are also used. Plant viruses are 
also used to transfer gene into plants. But the technique is limited by the 
host range of the virus. For example, Cauliflower mosaic virus 
(CaMV) only infects cauliflower and related species. 

 

Plant Tissue Culture 
The in vitro cultivation of any part of plant in nutrient medium is called tissue 
culture. German botanist Gottlieb Haberlandt said in 1902 that plant cells 
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are totipotent. It means each cell has the full genetic potential of the organism. 
Therefore a single cell can become a complete plant. There are different 
techniques of tissue culture. Some of these are callus culture, anther culture. 
Suspension culture, ovule culture, embryo culture protoplast culture and 
micropropagation.  
 
1. Callus Culturing 
 In 1958 Cornell botanist F.C. Steward grew a complete carrot plant from a 

tiny piece Of phloem. He provided the cells with sugars, minerals, vitamins 
and coconut milk. Coconut milk contains the plant hormone cytokinins. The 
cultured cells began dividing, they produced a callus. An undifferentiated 
group of cells is called callus. Then the callus differentiated into shoot and 
roots and developed into complete plants. Callus culturing provides genetic 
variability. The variations induced in plant through tissue culture are called 
somaclonal variations (Figure 8.27). 

 

 
 
Figure 8.27: Callus Culture. (a) Explant (b) Callus formation(c) Shoot formation 
(d) Root formation (e) Plant (f) Transfer of plant  
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2. Meristem Culture (Vegetative Culturing) 
 It is latest commercial technique of tissue culture. Millions of identical 

seedlings can be produced by this technique in a limited space. The auxins 
and cytokinins are added the correct proportions in liquid medium. Many 
new shoots will develop from a single shoot tip. Each new shoot is removed. 
There are two advantages of meristem culture: 

 (a)  The shoots are genetically identical to the adult plants. Thus the plants 
developed from them are called clonal plants. All the clonal plants 
have the same traits. 

 (b)  Meristem is virus free. Therefore the plants produced are also virus 
free. The presence of plant viruses weakens plants. Thus makes them 
less productive. 

 

3. Micropropagation from a Single Cell 
 The plants are totipotent. Thus it is possible to grow an entire plant from a 

single cell. Following method is adopted in this technique: 
 (a) Enzymes are used to digest the cell walls of a small piece of tissue. 

These tissues are mesophyll tissue of a leaf. It produces naked cells 
without cell walls. It is called protoplasts. 

 (b)   The protoplasts regenerate a new cell wall and begin to divide. This 
division forms clumps of cell. 

 (c) These clumps of cells are used to produce somatic embryos. 
 (d) Somatic embryos are covered in a protective hydrated gel. It is 

called artificial seeds. Millions of somatic embryos can be produced 
at once in large tanks called bioreactors. This is done for certain 
vegetables like tomato, celery and asparagus. 

 (e) A mature plant develops from each somatic embryo. Mutations can 
take place during the production of these plants. Therefore, the plants 
generated from the somatic embryo vary from each other. These are 
called somaclonal variations. These somaclonal variations can be used 
to produce new plants with desired traits (Figure 8.28). 
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Figure 8.28: Micropropagation. It is done by using meristem cells. 
 

4. Suspension Culture 
 Rapidly growing cells are cut into small pieces. These pieces are shaken in a 

liquid nutrient medium. Thus single cells or small clumps of cells break off 
form a suspension. These cells will produce the same chemicals as the entire 
plant. For example: 

 (a) Cell suspension cultures of Cinchona ledgeriana produce quinine 
 (b) Cell suspension of Digitalis lanata produces digitoxin. 
 

It will be possible to maintain cell suspension cultures in bioreactors. This cell 
suspension culture will be used for producing different chemicals. These 
chemicals will be used in the production of drugs, cosmetics and agricultural 
chemicals. Thus it will not be necessary to farm plants for the purpose of 
acquiring the chemicals. 
 

5. Anther Culturing 
 (a) Mature anthers are cultured in .a medium. This medium contains 

vitamins and growth regulators. 
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 (b) The haploid tube cells within the pollen grains are divided. They 
produce pro-embryos. The pro-embryos consists 20 to 40 cells. 

 (c) Finally the pollen grains rupture and release the haploid embryos. 
 (d) A haploid plant can be produced experimentally from this haploid 

embryo. 
 (e) A chemical agent is added into haploid embryo. This chemical 

encourages chromosomal doubling. As a result diploid plants are 
produced. These plants are homozygoms for all their alleles.Anther 
culture is use to express recessive alleles in plants. Sometimes, recessive 
alleles govern desirable traits. Thus the plants express these traits. 

 

6. Ovule Culture Technique 
 It is an important technique in modern plant breeding. In this case, whole 

ovule is cultured. This technique is used to for direct hybridization of 
various species. 

 
Application of Tissue Culture 
 
1.  It is used to reproduce plants which do not reproduce by normal methods. 
2. It is used to express the recessive traits. 
3. It is used to study the effect of different hormones on plant. 
4. It gives virus free plants. 
5. It is method of rapid propagation of plants. 
6. It gives monoclonal and soma clonal plants. 
7. Suspension culture is used to produce different types of drugs and alkaloid. 
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Key Points/Summary 
 
1.  DNA is hereditary material while RNA participates in protein synthesis. 

Nucleotides are building blocks consisting of nitrogenous base, phosphate 
and pentose sugar. DNA replication is semi-conservative resulting formation 
of two daughter strands from one original copy of DNA. 

2. Protein synthesis involves transcription which is the formation of mRNA 
from DNA and translation which involves movement of mRNA to 
cytoplasm, where transfer RNA and ribosomes link amino acids in proper 
sequence to produce polypeptide. 

3. Genetic material is tranferen in bacteria through conjugation, transduction 
and transformation. 

4.  Various plant breeding techniques could be helpful to improve plants health 
as well economical effects. 

 
SELF ASSESSMENT QUESTIONS 
 
Q: Answer the following questions: 
1.  What is genetic code? 
Ans:  See 8.2. 
2.  How proteins could be translated? Explain by keeping in view the central 

dogma of molecular biology. 
Ans:  See 8.3. 
3.  How transformation takes place in S. Pneumococcus? 
Ans:  See 8.4. 
4.  What are various types of tissue culture? 
Ans:  See  8.6. 
5.  What are the advantages of transgenic plants? 
Ans:  See 8.6. 
 
Q:  Fill in the blanks with appropriate answers. 
1.  Flowing down of genetic information within the biological system involves 

……………………and…………………… (Transcription, Translation) 
2.  …………………..is the sequence of three bases coding for different amino 

acids also known as …………………… (Genetic code, Codon)  
3.  Joining of exons and removing introns comes under the term 

…………………… (Splicing) 
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4.  During DNA replication, …………………… strand is continuous formation 
of complementary DNA strand while laaging strand is in the form of small 
fragments known as …………………. (Leading, Okazaki fragments) 

5.  Organisms with the insertion of any foreign gene in them are called 
………………….. (Transgenic Organisms) 
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INTRODUCTION 
 
Evolution is the ninth unit of Biology-II for B.Ed 2.5/4 years. Evolution is change 
in the heritable characteristics of biological populations over successive 
generations. Evolutionary processes give rise to biodiversity at every level of 
biological organisation, including the levels of species, individual organisms and 
molecule.Self assessment Questions and illustrations are given at particular 
places. 

OBJECTIVES 
 
After completion of this unit, you will b able to: 
 know about the concept of relatedness and its relation to biological 

evolution. 
 obtain a core knowledge base in evolution including a mastery of theoretical 

and empirical approaches in evolutionary biology. 
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9.1  THE NATURE OF EVOLUTIONARY FORCE 
 
Microevolution (evolution on a small-scale) refers to the changes in allele 
frequencies within a single population. Allele frequencies in a population may 
change due to four fundamental forces of evolution 
 Natural Selection 
 Genetic Drift 
 Mutations  
 Gene Flow 
 
Mutations are the ultimate source of new alleles in gene pool. Two of the most 
relevant mechanisms of evolutionary change are: Natural Selection and Genetic 
Drift. One of the main problems in population genetics is concerned with the 
relative importance of both mechanisms in determining evolutionary 
changes. Natural selection usually predominates in large populations whereas 
genetic drift does so in small ones. 
 
Natural Selection leads to an evolutionary change when some individuals with 
certain traits in a population have a higher survival and reproductive rate than 
others and pass on these inheritable genetic features to their offspring. Evolution 
acts through natural selection whereby reproductive and genetic qualities that 
prove advantageous to survival prevail into future generations. The cumulative 
effects of natural selection process have giving rise to populations that have 
evolved to succeed in specific environments. Natural selection operates by 
differential reproductive success (fitness) of individuals. 
 
Random (Genetic) Drift consists of random fluctuations in the frequency of 
appearance of a gene, usually, in a small population. The process may cause gene 
variants to disappear completely, thereby reducing genetic variability. In contrast 
to natural selection, environmental or adaptive pressures do not drive changes due 
to genetic drift. The effect of genetic drift is larger in small populations and 
smaller in large populations. 
 
Genetic drift is a stochastic process, a random event that happens by chance in 
nature that influences or changes allele frequency within a population as a result 
of sampling error from generation to generation. It may happen that some alleles 
are completely lost within a generation due to genetic drift, even if they are 
beneficial traits that conduct to evolutionary and reproductive success. Allele is 
defined as any one of two or more genes that may occur alternatively at a given 
site (locus) on a chromosome. Alleles are responsible for trait variations. 
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Examples: 
 
The population bottleneck and a founder effect are two examples of random drift 
that can have significant effects in small populations. Genetic drift works on all 
mutations and can eventually contribute to the creation of a new species by means 
of the accumulation of non-adaptive mutations that can facilitate population 
subdivision. Bottleneck effect occurs when there is a sudden sharp decline in a 
population’s size typically due to environmental factors (natural disasters such as: 
earthquakes, epidemics that can decimate the number of individuals in the 
population, predation or habitat destruction, etc.). It is a random event, in which 
some genes are extinguished from the population. This results in a drastic 
reduction of the total genetic diversity of the original gene pool. The small 
surviving population is considerably be farther from the original one in its genetic 
makeup (Figure 1).  
 

 
 
Figure 1: Bottle Neck Effect. Generation 1: The frequency of alleles in the 
population is the same. Generation 2: Randomly and due to a catastrophic natural 
or man-made event, most of individuals of the population died (there is no 
influence of adaptive pressures). Generation 3: As a result, the original large 
population is reduced to a small population composed by few individuals. This 
new surviving population subset contains much less genetic variability than the 
previous population. Generation 4: Later, the drastic reduction in the population 
size is followed by an expansion (population is recovered). The final population is 
no longer genetically representative of the original one. In this particular case, an 
allele is completely removed from the gene pool. 
 
Founder Effect is the loss of genetic variation that occurs when a new population 
is established by a small number of individuals that are cleaved from a larger 
population. This new population does not have the genetic diversity of the 
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previous one. Because the community is very small and also geographical or 
socially isolated, some genetic traits are becoming more prevalent in the 
population. This leads to the presence of certain genetic diseases in the next 
generations. In some cases, founder effect plays a fundamental role in the 
emergence of new species (Figure 2). 
 

 
 
Figure 2: Founder Effect. A new population is established by a small number of 
individuals that are cleaved from the original population. This leads to a loss of 
genetic variability as the founders of the new colony are not genetically 
representative at all of the population from which they come from. The right 
figure shows an evident predominance of orange circles in the newly founded 
population. These orange circles may correspond to a given allele responsible for 
the variation in a trait (for example, specific eyes color). In extreme cases, 
founder effect also plays a fundamental role in the emergence of new species. 
 

Activity 1: Make a list of differences and similarities among bottle neck and 
founder effect. 

 
Amish people in Pennsylvania, U.S. are a clear example of this event. The fact of 
being social and culturally isolated and the tendency to marry within the 
community (group interbreeding) make that certain types of genetic disorders like 
Ellis-van Creveld Syndrome are transmitted from one generation to another with a 
high probability. The above syndrome was first described in 1940 by Richard W. 
Ellis and Simon van Creveld and is characterized by a skeletal dysplasia. Some of 
the features of this rare condition are: disproportionate dwarfism, postaxial 
polydactyly, small chest, high frequency of congenital heart defects, among 
others. Most inherited genetic diseases are recessive. This means that a person 
must inherit two copies of the mutated gene to inherit a disorder. In this kind of 
populations, endogamy contributes to the latter. 
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Mutation can be defined as a change in the DNA sequence within a gene or 
chromosome of a living organism. Many mutations are neutral, i.e. they can 
neither harm nor benefit, but can also be deleterious or beneficial. Deleterious 
mutations can affect the phenotype and in turn, reduce the fitness of an organism 
and increase the susceptibility to several illnesses and disorders. On the other 
hand, beneficial mutations can lead to the reproductive success and adaptability of 
an organism to its environment. These beneficial mutations can be spread and 
fixed in the population due to natural selection processes if they help individuals 
in the population to reach sexual maturity and to successfully 
reproduce. Mutations are, undoubtedly, a source of genetic variation and serve as 
a raw material for evolution to act. Germ line mutations occur in gametes (eggs 
or sperm cells) and can be pass on to offspring, whereas somatic mutations occur 
in non-reproductive cells and are not pass on to the following generation. Those 
mutations that occur in germ line are the most important to large-scale evolution 
because they can be transmitted to offspring.  
 
Mutations can be spontaneous (errors during a normal process of DNA 
replication, spontaneous lesions and transposable genetic elements), but they can 
also be induced by numerous external or exogenous factors like environmental 
chemical agents or ionizing radiation. According to their magnitude (mutations 
can occur at different levels), they can be divided into three different groups:  
 Gene mutations 
 Chromosome mutations 
 Genome mutations 
 
The DNA is constantly subject to mutations, thus its sequence can be altered in 
several different ways. A gene mutation can be defined as any change in the 
sequence of nucleotides of the genetic material of an organism. A chromosome 
mutation is a change in the structure or arrangement of the chromosomes. These 
mutations can involve duplications or deletions of chromosome segments, 
inversions of sections of DNA (reversed positions) and translocation (Figure 3). 
Genome mutations are alterations in the number of chromosomes in the 
genome. They can be classified into two groups: Aneuploidy and Euploidy. 
Aneuploidy is the losses and/or gains of individual chromosomes from the normal 
chromosome set arising from errors in chromosome segregation, and Euploidy 
refers to variations in complete sets of chromosomes. 
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Figure 3: Chromosomal Mutations. Mutation in chromosome structures 
involving duplication, deletion, inversion and translocation. 
 
In population genetics, Gene Flow (also known as gene migration) refers to the 
transfer of genes from the gene pool of one population to another. Gene flow may 
change the frequency and/or the range of alleles in the populations due to the 
migration of individuals or gametes that can reproduce in a different population. 
The introduction of new alleles increases variability within a population and 
allows for new combinations of traits. Horizontal gene transfer (HGT) also known 
as lateral gene transfer (LGT), is a process in which an organism (recipient) 
acquires genetic material from another one (donor) by asexual means. HGT has 
played a major role in the evolution of many organisms like bacteria. In plant 
populations, the great majority of cases linked to this mechanism have to do with 
the movement of DNA between mitochondrial genomes. Horizontal gene transfer 
is a widespread phenomenon in prokaryotes, but the prevalence and implications 
of this mechanism in the evolution of multicellular eukaryotes is still unclear. 
Nevertheless, many investigations on HGT in plants have been carried out during 
the last years trying to reveal the underlying patterns, magnitude and importance 
of this mechanism in plant populations as well as its influence on agriculture and 
the ecosystem. 
 
Plant populations can experience gene flow by spreading their pollen long 
distances away to other populations by means of wind or through birds or insects 
(bees, for example) and once there, this pollen is able to fertilize the plants where 
it ended up. Pollen is a fine to coarse powder containing the micro gametophytes 
of seed plants, which produce the male gametes (comparable to sperm cells). Of 
course, pollination does not always lead to fertilization. 
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Maintained gene flow also acts against speciation by recombining the gene pools 
of different populations and in such a way, repairing the developing differences in 
genetic variation. Thus, gene flow has the effect of minimizing the genetic 
differences between populations. Human migrations are defined as the movement 
of people from one place to another. However, in  genetics, this movement needs 
to be associated with the introduction of new alleles into a population through 
successful mating of individuals from different populations. 
 

Activity 2: Enlist and compare various forces of evolution.  

 
9.2  ADAPTIVE RADIATIONS 
 
In evolutionary biology, adaptive radiation is a process in which organisms 
diversify rapidly from an ancestral species into a multitude of new forms, 
particularly when a change in the environment makes new resources available, 
creates new challenges, or opens new environmental niches. 
 
Four features can be used to identify an adaptive radiation: 
1. A common ancestry of component species: specifically a recent ancestry. 
2. A phenotype-environment correlation: 
 a significant association between environments and the morphological and 

physiological traits used to exploit those environments. 
3. Trait utility: the performance or fitness advantages of trait values in their 

corresponding environments. 
4. Rapid speciation: presence of one or more bursts in the emergence of new 

species at the time of ecological and phenotypic divergence.  
1. The evolution of a novel feature. It may permit a clade to diversify by 

making new areas of metamorphose accessible. A classic example is 
the evolution of a fourth cusp in the mammalian tooth. This trait 
permits a vast increase in the range of foodstuffs which can be fed on. 

2. Evolution of this character has thus increased the number of ecological 
niches available to mammals. The trait arose a number of times in 
different groups during the Cenozoic, and in each instance was 
immediately followed by an adaptive radiation 

3. Birds find other ways to provide for each other, i.e. the evolution of 
flight opened new avenues for evolution to explore, initiating an 
adaptive radiation. Opportunity 

4. Adaptive radiations often occur as a result of an organism arising in an 
environment with unoccupied niches, such as a newly formed lake or 
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isolated island chain. The colonizing population may diversify rapidly 
to take advantage of all possible niches. In Lake Victoria, an isolated 
lake which formed recently in the African rift valley, over 300 species 
of cichlid fish adaptively radiated from one parent species in just 
15,000 years. 

5. Adaptive radiations commonly follow mass extinctions: following 
extinction, many niches are left vacant. A classic example of this is the 
replacement of the non-avian dinosaurs with mammals at the end of 
the Cretaceous, and of brachiopods by bivalves at the Permo-Triassic 
boundary. 
 

Example Darwin's Finches 
 
One famous example where adaptive radiation is seen is with Darwin's finches. It 
has been observed by many evolutionary biologists that fragmented landscapes 
are often a prime location for adaptive radiation to occur. The differences in 
geography throughout disjointed landscapes such as islands are believed to 
promote such diversification. Darwin's finches occupy the fragmented landscape 
of the Galapagos Islands and are diversified into many different species which 
differ in ecology, song, and morphology, specifically the size and shapes of 
their beaks. The first obvious explanation for these differences is allopatric 
speciation, speciation that occurs when populations of the same species become 
isolated geographically and evolve separately. Because the finches are divided 
amongst the islands, the birds have been evolving separately for several million 
years. However, this does not account for the fact that many of the species occur 
in sympatry, with seven or more species inhabiting the same island. Petren, Grant, 
Grant, and Keller proposed that the speciation of the finches occurred in two 
parts: an initial, easily observable allopatric event followed by a less clear 
sympatric event. This sympatric event which occurred second was adaptive 
radiation. This occurred largely to promote specialization upon each island. One 
major morphological difference among species sharing one island is beak size and 
shape. Adaptive radiation led to the evolution of different beaks which could 
access different food and resources. Those with short beaks are better adapted to 
eating seeds on the ground, those with thin, sharp beaks eat insects, and those 
with long beaks use their beaks to probe for food inside cacti. With these 
specializations, seven or more species of finches are able to inhabit the same 
environments without competition or lack of resources killing several off. In other 
words, these morphological differences in beak size and shape brought about by 
adaptive radiation allow the island diversification to persist (Figure 4). 
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Figure 4: Adaptive Radiations in Galapogas Finches. Differences in beak size 
and shape brought about by adaptive radiation. 
 

Activity 3: Represent group of finches living on different islands. 

 
Adaptive Radiations in Plants....Hawaiian Silversword Alliance 
Although plants seem unable to migrate as birds and other animals do, adaptive 
radiation occurs in the plant world as well. In the Hawaiian Islands, for example, 
twenty-eight species of the Asteraceae family are known together as the Hawaiian 
silversword alliance. The entire group appears to be traceable to one ancestor, 
thought to have arrived on the island of Kauai from western North America. The 
silverswords which compose three genera, Argyroxiphium, Dubautia, and 
Wilkesia have since evolved into twenty-eight species, and this speciation came 
about due to major ecological shifts. These plants are therefore prime examples of 
adaptive radiation. Within the silversword alliance, different species have 
adapted to widely varying ecosystems found throughout the islands. 
Argyroxiphium sandwicense, for example, is endemic to the island of Maui and 
grows at high elevations from 6,890 to 9,843 feet (2,100 - 3,000 meters) on the 
dry, alpine slopes of the volcano Haleakala. This species has succulent leaves 
covered with silver hairs. It is thought that the hairs lessen the pace of evaporative 
moisture loss and protect the leaves from the sun. In contrast, species of the genus 
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Dubautia that grows in wet, shady forests have large leaves that lack hairs. The 
silverswords that have evolved in Hawaii are all closely related to one another, so 
that any two can hybridize (Figure 5). 
 

 
 

Figure 5: Adaptive Radiations in Silverword Hawaii. 
 

Activity 4: Compare various adaptive radiations in Galapagos as well as in 
plants. 

 
SELF ASSESSMENT QUESTIONS  
Q: Fill in the blanks.  
i.  ………………… refers to the changes in allele frequencies within a single 

population. (Microevolution) 
ii.  ………………… consists of random fluctuations in the frequency of 

appearance of a gene, usually, in a small population. (Genetic drift) 
iii.  ………………. occurs when there is a sudden sharp decline in a 

population’s size typically due to environmental factors. (Bottleneck effect) 
iv.  ………………… is the loss of genetic variation that occurs when a new 

population is established by a small number of individuals. (Founder effect) 
vii. ………………… are the ultimate source of new alleles in gene pool. 

(Mutations) 
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Q: Answer the following: 
 
i.  What do you meant by germ line and somatic mutations? 
ii.  What is adaptive radiation? 
iii.  Write about various chromosome structural mutations. 
iv.  What are various evolutionary forces? 
viii. What is horizontal gene transfer? 
 
Q: Choose the best answer. 
 
i.  Mutation in chromosome structure involves 

a.  Duplication 
b.  Inversion 
c.  Both a and b 

ii.  Gene flow known as 
a.  Gene migration 
b.  Random drift 
c.  Genetic flow 

iii. ……………. is change in the heritable characteristics of biological 
populations over successive generations. 
a.  Microevolution 
b.  Evolution 
c.  Both a and b 

iv.  ………….. leads to an evolutionary change when some individuals with 
certain traits in a population have a higher survival and reproductive rate 
than others 

 a.  Natural Selection  
 b.  Microevolution 
 c.  Evolution 
v.  ………….. plays a fundamental role in the emergence of new species. 
 a.  Founder effect 
 b.  Bottle neck effect 
 c.  None  
 
 
 
 



 

9.3  DIFFERENTIAL REPRODUCTIVE POTENTIAL
 
The term differential reproductive success
comparing successful reproduction rates between groups in a given 
a species. The analysis is used to compare two groups holding different variations 
of the same trait, and it provides evidence of which group is "the fittest."
 
If individuals exhibiting
reproductive age more often and produce more offspring than individuals 
with variation B of the same trait, the differential reproductive success rate allows 
that natural selection is at work and that variation A is advantageous at least for 
conditions at the time. Those individuals with variation A will deliver more 
genetic material for that trait to the next generation, making it more likely to 
persist and carry on to future generations. Variation B, meanwhile, is likely to 
gradually vanish.  
 

9.4  FIRST PLANT 
 
The cell was first discovered and named by
that it looked strangely similar to cellula or small rooms which monks inhabited, 
thus deriving the name. However what
walls of plant cells (cork) as it appeared under the microscope (Figure 6).

Figure 6: Cell Structure
appeared under the microscope.
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DIFFERENTIAL REPRODUCTIVE POTENTIAL 

differential reproductive success refers to a statistical analysis 
comparing successful reproduction rates between groups in a given generation of 
a species. The analysis is used to compare two groups holding different variations 
of the same trait, and it provides evidence of which group is "the fittest." 

If individuals exhibiting variation A of a trait are demonstrated to reach 
uctive age more often and produce more offspring than individuals 

of the same trait, the differential reproductive success rate allows 
that natural selection is at work and that variation A is advantageous at least for 

me. Those individuals with variation A will deliver more 
genetic material for that trait to the next generation, making it more likely to 
persist and carry on to future generations. Variation B, meanwhile, is likely to 

FIRST PLANT CELL 

The cell was first discovered and named by Robert Hooke in 1665. He remarked 
that it looked strangely similar to cellula or small rooms which monks inhabited, 
thus deriving the name. However what Hooke actually saw was the dead cell 

lls (cork) as it appeared under the microscope (Figure 6).

 
Structure by Robert Hook. Cell wall of plant cells (cork) as it 

appeared under the microscope. 

refers to a statistical analysis 
generation of 

a species. The analysis is used to compare two groups holding different variations 
 

of a trait are demonstrated to reach 
uctive age more often and produce more offspring than individuals 

of the same trait, the differential reproductive success rate allows 
that natural selection is at work and that variation A is advantageous at least for 

me. Those individuals with variation A will deliver more 
genetic material for that trait to the next generation, making it more likely to 
persist and carry on to future generations. Variation B, meanwhile, is likely to 

in 1665. He remarked 
that it looked strangely similar to cellula or small rooms which monks inhabited, 

actually saw was the dead cell 
lls (cork) as it appeared under the microscope (Figure 6).  

of plant cells (cork) as it 
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A plant cell is as a small enterprise, in which many chemical reactions take place, 
enabling plants to survive. All those beautiful and numerous plant species would 
not be able to survive without plant cell. The chlorophyll from plant cell gives the 
green color that makes photosynthesis possible. Photosynthesis process is one of 
the most complex, involving lots of chemical reactions, being helped by light, sun 
and water. Each tree and each flower would not love without this complex and 
essential process called photosynthesis that takes place in each plant cell. Plant 
cell types divide into sclerenchyma, parenchyma cells and collenchyma cells. A 
plant cell includes a nucleus, cytoplasm, chlorophyll, membrane, cell wall, 
leucoplasm, cytoskeleton, plastoids, each of them having their role for helping the 
plant grow and survive, as well as reproduction. 
1. Early Organisms 

First organisms were appeared about 3.8 billion years ago. At that time, 
there was no free oxygen. It was reducing atmosphere composed of 
methane, carbon dioxide, ammonia, and hydrogen. The microorganisms of 
this period utilized methane or hydrogen rather than oxygen in their 
metabolism. Therefore, they are called as “anaerobic” (non- oxygen using). 

 
2. First Prokaryotic Cells 

Up to 700 MYA, life remained fairly primitive; the distinctions between 
plants and animals were not very clear-cut. For example, bacteria (monera) 
show a variety of forms. Some take in chemicals and depend on atmospheric 
CO2, like plants (autotrophs). Others take in organic material for food, like 
animals (heterotrophs). Some autotrophic bacteria, called chemosynthetic, 
do not need light; they obtain their energy from mineral chemical reactions, 
such as the conversion of sulfur to sulfate or the production of CH, Among 
the multitude of microorganisms. Two bacteria become the major 
components for the further development of the living world. The 
mitochondria are the sites of the principal oxidation reaction linked to the 
assembly of ATP, which supplies energy to most of the organisms today. 
Their closest relative among present-day bacteria have been identified to be 
the alpha-proteobacteria. The chloroplasts are the agents of photosynthesis 
in unicellular algae and plants. They store the solar energy in the form of 
glucose (sugar), which becomes food for the “heterotrophs”. Their present-
day relative are the cyanobacteria (formerly known as blue-green algae), 
which is believed to be responsible for the first generation of atmospheric 
oxygen. The chloroplasts supply food and oxygen for the heterotropic 
organisms, which in turn produced CO2 for photosynthesis. This ecocycle 
generates a lot of atmospheric oxygen today. 
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3. Evolution of Eukaryotic Plant Cell 
Then evolution took another step toward complexity about 1.5 billion years 
ago. The bacteria acquired a nucleus and advanced to eukaryotic cells 
(protista). Subsequent fusion with mitochondria generated cells ancestral to 
those of animals and fungi. Acquisition by cyanobacteria in yet another 
round of fusion launched the photosynthetic protists and plants. 

 
4. Evolution of Green Algae 

It was against this background the green algae emerged as the ancestral to 
the first plants. There are single-cells, colonial, filamentous, and 
multicellular green algae. Algae are grouped according to their pigmentation 
(green, golden brown, brown, and red) and biochemical differences, such as 
the chemistry of the cell wall and the chemical compound used to store 
excess food. Comparison shows that all the major organelles in the plant cell 
are already in place in the green algae. The green algae also have some of 
the same characteristics as plants. All types of plant life cycles are seen in 
this diverse group. For example, the multicellular Ulva shows the alternation 
of generations life cycle in the same way as terrestrial plants. Since the 
diplontic life cycle involves the  fusion of two gametes, the green algae must 
have learnt about sex already. Actually sexual reproduction took a long time 
to evolve, it started about 1.2 billion years ago. 

 
5.  Evolution of First Real Plant Cell 

Plant cells are more complex than those of either animals or fungi. They 
have both mitochondria and chloroplasts. The first real plants to evolve are 
mosses, often found in close association with fungi. From the time they 
went a cooperative lifestyle as lichens. Today, plants and fungi a very close 
association. It may even be that the first plants are genetic fusion of the two. 
Ninety percent of plants have fungi called mycorrhizal (root fungus) living 
in special co-evolved compartments inside their roots or in the soil. They 
intertwined with roots, making food for each other according to specialty 
and recycling wastes. 

 
Activity 5: By looking at various fossils, outline the history of life and how it 
changes over time. 
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9.5  ORIGIN OF ORGANIZED STRUCTURES 
 
It took a long time for plants to develop proper roots and vascular system for land 
dwelling. These carry water drawn through roots to all parts of their bodies as 
well as taller, stiffer bodies that can evolve into ferns and trees. They would 
evolve ways of reproducing in the absence of water. They develop ovaries, 
producing ova, or eggs that are fertilized by pollen and develop into embryos 
within protective bodies. Plants depend on insects for reliable transfers of pollen, 
while wind, birds, and other animals scatter their fertile seeds. 
 
By the Ordovician period, shallow sea covered large areas of the world. Then the 
primitive plants such as Boiophyton Pragense had begun to adapt themselves to 
life on the relatively dry land. Boiophyton had already developed a stiff stem to 
hold it upright against gravity. It was vascular. It had developed a system of 
vessels or tubes to carry water through its body Many Devonian plants were 
seedless. Fern bear interesting traces of their origins. They produce no seeds but 
rather spore cells that fall to the soil and grow into a peculiar intergeneration plant 
that is not a leafy fern but a specialized fungus-like form that produces egg cells 
and sperm cells. Propelled by its whip-like tail, the sperm must swim a short 
distance through the water of moist soil to fertilize an egg cell from a neighboring 
plant. The fertilized egg then grows into a mature fern that produces more spores. 
It is as if the fern is an amphibian plant, growing on land but reverting to water to 
transmit its gametes. 
 
Plant cells have several structures not found in other eukaryotes. In particular, 
organelles called chloroplasts allow plants to capture the energy of the Sun in 
energy-rich molecules; cell walls allow plants to have rigid structures as varied as 
wood trunks and supple leaves; and vacuoles allow plant cells to change size. 
 
Like mitochondria, chloroplasts likely originated from an ancient symbiosis, in 
this case when a nucleated cell engulfed a photosynthetic prokaryote. Indeed, 
chloroplasts resemble modern cyanobacteria, which remain similar to the 
cyanobacteria of 3 million years ago. However, the evolution of photosynthesis 
goes back even further, to the earliest cells that evolved the ability to capture light 
energy and use it to produce energy-rich molecules. When these organisms 
developed the ability to split water molecules and use the electrons from these 
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molecules, photosynthetic cells started generating oxygen that consequence for 
the evolution of all living things on Earth (Figure 7). 

 
 
 Figure 7: The Origin of Mitochondria And Chloroplasts. Evolution of 
mitochondria and chloroplast with the passage of time. 
 
Mitochondria and chloroplasts likely evolved from engulfed prokaryotes that once 
lived as independent organisms. At some point, a eukaryotic cell engulfed an 
aerobic prokaryote, which then formed an endosymbiotic relationship with the 
host eukaryote, gradually developing into a mitochondrion. Eukaryotic cells 
containing mitochondria then engulfed photosynthetic prokaryotes, which evolved 
to become specialized chloroplast organelles 
 
Today, chloroplasts retain small, circular genomes that resemble those of 
cyanobacteria, although they are much smaller. (Mitochondrial genomes are even 
smaller than the genomes of chloroplasts.) Coding sequences for the majority of 
chloroplast proteins have been lost, so these proteins are now encoded by the 
nuclear genome, synthesized in the cytoplasm, and transported from the 
cytoplasm into the chloroplast. 

 
What is the Function of Chloroplast Membranes? 
Like mitochondria, chloroplasts are surrounded by two membranes. The outer 
membrane is permeable to small organic molecules, whereas the inner membrane 
is less permeable and studded with transport proteins. The innermost matrix of 
chloroplasts, called the stroma, contains metabolic enzymes and multiple copies 
of the chloroplast genome. 
 
Chloroplasts also have a third internal membrane called the thylakoid membrane, 
which is extensively folded and appears as stacks of flattened disks in electron 
micrographs. The thylakoids contain the light-harvesting complex, including 
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pigments such as chlorophyll, as well as the electron transport chains used in 
photosynthesis (Figure 8). 
 

 
Figure 8: Structure of a Chloroplast. It works to convert light energy of the Sun 

into sugars that can be used by cells. 
 

What is the Cell Wall? 
 
Besides the presence of chloroplasts, another major difference between plant and 
animal cells is the presence of a cell wall. The cell wall surrounds the plasma 
membrane of plant cells and provides tensile strength and protection against 
mechanical and osmotic stress. It also allows cells to develop turgor pressure, 
which is the pressure of the cell contents against the cell wall. Plant cells have 
high concentrations of molecules dissolved in their cytoplasm, which causes 
water to come into the cell under normal conditions and makes the cell's 
central vacuole swell and press against the cell wall. With a healthy supply of 
water, turgor pressure keeps a plant from wilting. In drought, a plant may wilt, but 
its cell walls help maintain the structural integrity of its stems, leaves, and other 
structures, despite a shrinking, less turgid vacuole. 
 
Plant cell walls are primarily made of cellulose, which is the most abundant 
macromolecule on Earth. Cellulose fibers are long, linear polymers of hundreds of 
glucose molecules. These fibers aggregate into bundles of about 40, which are 
called microfibrils. Microfibrils are embedded in a hydrated network of other 
polysaccharides. The cell wall is assembled in place. Precursor components are 
synthesized inside the cell and then assembled by enzymes associated with the 
cell membrane (Figure 9). 
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Figure 9: Plant Cell Wall. It is arranged in layers and contains cellulose 
microfibrils, hemicellulose, pectin, lignin, and soluble protein. These components 
are organized into three major layers: the primary cell wall, the middle lamella, 
and the secondary cell wall (not pictured). The cell wall surrounds the plasma 
membrane and provides the cell tensile strength and protection. 
 

What are Vacuoles? 
Plant cells additionally possess large, fluid-filled vesicles called vacuoles within 
their cytoplasm. Vacuoles typically compose about 30 percent of a cell's volume, 
but they can fill as much as 90 percent of the intracellular space. Plant cells use 
vacuoles to adjust their size and turgor pressure. Vacuoles usually account for 
changes in cell size when the cytoplasmic volume stays constant. 
 
Some vacuoles have specialized functions, and plant cells can have more than one 
type of vacuole. Vacuoles are related to lysosomes and share some functions with 
these structures; for instance, both contain degradative enzymes for breaking 
down macromolecules. Vacuoles can also serve as storage compartments for 
nutrients and metabolites. For instance, proteins are stored in the vacuoles of 
seeds, and rubber and opium are metabolites that are stored in plant vacuoles. 
So, Plant cells have certain distinguishing features, including chloroplasts, cell 
walls, and intracellular vacuoles. Photosynthesis takes place in chloroplasts; cell 
walls allow plants to have strong, upright structures; and vacuoles help regulate 
how cells handle water and storage of other molecules. 
 

Activity 6: Enlist various changes for the origin of cell wall, mitochondria, 
chloroplast and vacuole.  
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SELF ASSESSMENT QUESTIONS 
 
Q: Fill in the blanks.  
i.  Besides the presence of chloroplasts, another major difference between plant 

and animal cells is the presence of a…………. (Cell wall) 
ii.  A …………. is as a small enterprise, in which many chemical reactions take 

place, enabling  plants to survive. (Plant cell) 
iii.  The mitochondria are the sites of the principal oxidation reaction linked to 

the assembly of ……….. which supplies energy to most of the organisms 
today. (ATP) 

iv.  Ninety percent of plants have fungi called ……….. (Mycorrhizal) 
v.  Thylakoids contain the ………………… including pigments such as 

chlorophyll. (Light-harvesting complex) 
 
Q: Answer the following. 
i.  How cell was discovered? 
ii.  What is the structure of chloroplast? 
iii.  How mitochondria and chloroplast was originated in prokaryotes? 
iv.  What is the composition of plant cell wall? 
v.  What is turgor pressure? 
 
Q: Choose the best answer. 
i.  First organisms were appeared about ….. billion years ago 

a.  3.8 
b.  2.3 
c.  1.8 

ii.  Cyanobacteria also known as 
a.  Red algae 
b.  Blue-green algae  
c.  Green algae 

iii.  The first real plants to evolve are  
a.  Mosses 
b.  Ferns 
c.  Fungi 

iv.  The innermost matrix of chloroplasts, called the ……………. 
a.  Stroma 
b.  Thallakoid 
c.  None 

 
v. Plant cells additionally possess large, fluid-filled vesicles called 

 …………… within their cytoplasm 
 a.  Vacuoles 
 b.  Chloroplast 
 c. Cell wall 
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9.6  EARLY AQUATIC AND TERRESTRIAL ECOSYSTEMS: 
FIRST VASCULAR PLANTS 

 
Early Aquatic Ecosystem 
 
An aquatic ecosystem is an ecosystem in a body of water. Communities of 
organisms that are dependent on each other and on their environment live in 
aquatic ecosystems. The two main types of aquatic ecosystems are marine 
ecosystems and freshwater ecosystems. Early aquatic ecosystems were mostly 
marine ecosystem. Some water bodies like rivers and lakes were formed due to 
molting of glaciers. 
 
Most of productively of aquatic ecosystem depends on the marine life. It mostly 
composed of algae and fishes. Most of photosynthesis was carried out by 
primitive algae and cyanobacteria. Fresh water bodies also have some life. They 
also have zooplanktons and phytoplankton. Some primitive floating mosses were 
also present in these bodies. Consumers were zooplankton and some species of 
fishes and amphibians. 

 
Early Terrestrial Ecosystem 
 
A community of organisms and their environment that occurs on the land masses 
of continents and islands. Terrestrial ecosystems are distinguished from aquatic 
ecosystems by the lower availability of water and the consequent importance of 
water as a limiting factor. Terrestrial ecosystems are characterized by greater 
temperature fluctuations on both a diurnal and seasonal basis than occur in aquatic 
ecosystems in similar climates. The availability of light is greater in terrestrial 
ecosystems than in aquatic ecosystems because the atmosphere is more 
transparent than water. Gases are more available in terrestrial ecosystems than in 
aquatic ecosystems. Those gases include carbon dioxide that serves as a substrate 
for photosynthesis, oxygen that serves as a substrate in aerobic respiration, and 
nitrogen that serves as a substrate for nitrogen fixation. Terrestrial environments 
are segmented into a subterranean portion from which most water and ions are 
obtained, and an atmospheric portion from which gases are obtained and where 
the physical energy of light is transformed into the organic energy of carbon-
carbon bonds through the process of photosynthesis. 
 
As organisms adapt to life on land, they have to contend with several challenges 
in the terrestrial environment. Water has been described as “the stuff of life.” The 
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cell’s interior, the medium in which most small molecules dissolve and diffuse, 
and in which the majority of the chemical reactions of metabolism take place is a 
watery soup. Desiccation, or drying out, is a constant danger for an organism 
exposed to air. Even when parts of a plant are close to a source of water, their 
aerial structures are likely to dry out. Water provides buoyancy to organisms that 
live in aquatic habitats. On land, plants need to develop structural support in air, 
medium that does not give the same lift. Additionally, the male gametes must 
reach the female gametes using new strategies because swimming is no longer 
possible. Finally, both gametes and zygotes must be protected from drying out. 
The successful land plants evolved strategies to deal with all of these challenges, 
although not all adaptations appeared at once. Some species did not move far 
from an aquatic environment, whereas others left the water and went on to 
conquer the driest environments on Earth. 
 
To balance these survival challenges, life on land offers several advantages. First, 
sunlight is abundant. On land, the spectral quality of light absorbed by the 
photosynthetic pigment, chlorophyll, is not filtered out by water or competing 
photosynthetic species in the water column above. Second, carbon dioxide is 
more readily available because its concentration is higher in air than in water. 
Additionally, land plants evolved before land animals; therefore, until dry land 
was colonized by animals, no predators threatened the well-being of plants. This 
situation changed as animals emerged from the water and found abundant sources 
of nutrients in the established flora. In turn, plants evolved strategies to deter 
predation: from spines and thorns to toxic chemicals. 
 
The early land plants, like the early land animals, did not live far from an 
abundant source of water and developed survival strategies to combat dryness. 
One of these strategies is drought tolerance. Mosses, for example, can dry out to a 
brown and brittle mat, but as soon as rain makes water available, mosses will soak 
it up and regain their healthy, green appearance. Another strategy is to colonize 
environments with high humidity where droughts are uncommon. Ferns, an early 
lineage of plants, thrive in damp and cool places, such as the understory of 
temperate forests. Later, plants moved away from aquatic environments using 
resistance to desiccation, rather than tolerance. These plants, like the cactus, 
minimize water loss to such an extent they can survive in the driest environments 
on Earth. 
 
In addition to adaptations specific to life on land, land plants exhibit adaptations 
that were responsible for their diversity and predominance in terrestrial 
ecosystems. Four major adaptations are found in many terrestrial plants: the 
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alternation of generations, a sporangium in which spores are formed, a 
gametangium that produces haploid cells, and in vascular plants, apical meristem 
tissue in roots and shoots. 
 

First Vascular Plants 
 
Scientists widely believe that the first land plants evolved during the late 
Ordovician to early Silurian, although fossils from this time are incomplete and 
difficult to interpret. By the end of the Silurian a land flora had evolved that 
throughout the next 50 million years of the Devonian (410 to 360 mya [million 
years ago]) continued to change, adapt to life on land exposed to air, and spread 
across a landscape previously devoid of vegetation. By the end of the period, 
small plants had given way to tree size, well‐diversified vascular plants. he 
lycophytes separated from the rest of the early land plants, evolved adequate 
reproductive, supportive, and transport systems, and, by the Carboniferous, were 
large swamp forest trees. Three groups of now extinct vascular plants were 
prevalent in Devonian times: the rhyniophytes, zosterophylls, and trimerophytes. 
The oldest known vascular plant is Cooksonia, a 6.5-centimeter-tall plant with 
dichotomously branched (forking into two) leafless stems with sporangia at their 
tips. Only bits and pieces have so far been recovered and no rhizomes or below 
ground parts have been found. It is a rhyniophyte and it and its relatives were 
extinct by mid-Devonian time. 
 
The trimerophytes are the basal group of the lineage that gave rise to the 
flowering plants and are also the ancestors of the horsetails, ferns, and 
progymnosperms. Superficially, the trimerophytes resembled their rhyniophyte 
ancestors and the zosterophylls, but differed from them in bearing terminal 
sporangia on branch tips. At a meter or slightly less in height, these were the 
largest of the three groups of early land plants. 

 
Trachelophytes: Vascular Plants 
 
Vascular tissue was a major advance that allowed plants to take advantage of the 
terrestrial environment. They are also known as tracheophytes (from the 
equivalent Greek term trachea) and also higher plants, form a large group of 
plants that are defined as those land plants that have lignified tissues (the xylem) 
for conducting water and minerals throughout the plant. They also have a 
specialized non-lignified tissue (the phloem) to conduct products of 
photosynthesis. Vascular plants include the clubmosses, horsetails, ferns, 
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gymnosperms (including conifers) and angiosperms (flowering plants). There are 
two types of vascular tissues (Figure 10). 
 
1.  Xylem - moves water and minerals up from the ground to all parts of the 

plant. Consists of hollow structures made of cellulose cell walls (cytoplasm 
and membranes degenerate during development). 

2.  Phloem - move sugars and other dissolved nutrients from sites of 
photosynthesis to other parts of the plant. Consists of cellulose reinforced 
living cells. 

 

 
 
Figure 10: Types of Vascular Tissues. Vascular tissue is a complex conducting 
tissue, formed of more than one cell type, found in vascular plants. The primary 
components of vascular tissue are thexylem and phloem. These two tissues 
transport fluid and nutrients internally. 
 

Activity 7: Compare the functioning of xylem and phloem in plants. 

 
1.  Seedless Vascular Plants 
 
Earliest Vascular Plants 
Vascular plants first appear in the fossil record during the mid-Silurian period, 
about 410 million years ago. These had no leaves or roots; instead they had green 
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photosynthetic stems which served as both anchors in the ground and 
photosynthetic surface. The tips of the branches had a spore case called sporangia 
(Figure 11). 
 

 
 
Figure 11: Fossil Record Of Vascular Plants. The first fossil records of 
vascular plants, that is, land plants with vascular tissues, appeared in the Silurian 
period. The earliest known representatives of this group (mostly from the northern 
hemisphere) are placed in the genus Cooksonia. 
 
These simple plants tended to be crowded into the moist habitats surrounding 
bodies of water (some may actually have been aquatic, with their underground 
stems in shallow water), competition for light was a major factor in their 
evolution over time they increased in size and the complexity of branching: 
 
In the middle of the Devonian, some of these developed small flaps of 
photosynthetic tissue (enations) that covered the branches (Figure 12). These 
flaps of tissue could increase the area over which gas-exchange and 
photosynthesis could occur. Living species are all put in the phylum Psilophyta 
(whisk ferns - not true ferns). 
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Figure 12: Seedless Vascular Plants. Plants that contain vascular tissue but do 

not produce flowers or seeds. 
 

Life cycle of seedless vascular plants 
 
Unlike non-vascular plants, all vascular plants including seedless vascular plants 
have a dominant sporophyte generation. Seedless vascular plants include 
clubmosses and ferns. A mature sporophyte fern has the familiar leafy fronds. 

The undersides of the leaves are dotted with clusters of sporangia. Sporangia 
produce spores that develop into tiny, heart-shaped gametophytes. Gametophytes 
have antheridia and archegonia. Antheridia produce sperm with many cilia; 
archegonia produce eggs. Fertilization occurs when sperm swim to an egg inside 
an archegonium. The resulting zygote develops into an embryo that becomes a 
new sporophyte plant. Then the cycle repeats (Figure 13). 
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Figure 13: Lifecycle of Seedless Vascular Plants. The life cycle of seedless 
vascular plants is an alternation of generations, where the diploid sporophyte 
alternates with the haploid gametophyte phase. The diploid sporophyte is the 
dominant phase of the life cycle, while the gametophyte is an inconspicuous, but 
still-independent organism. 
 

A. Lycopods 
Lycophytes are the oldest group of vascular plants that has living members. They 
dominated major habitats for 40 million years about 400 million years ago in the 
paleozoic. The lycophytes are a small and inconspicuous group of plants today, 
but during the Carboniderous they were forest-forming trees more than 35 meters 
tall (Figure 14a). 
 
Unlike trees of today, these plants were either sparsely branched or completely un-
branched. The leaves (Figure 14b) were long and may have covered the entire plant, 
not just the tips of the branches as shown here. Spore-bearing cones were produced 
near the apex of the branches. What appear to be roots at the base of the plant are 
branched stems, which produced highly modified ribbon-like leaves that functioned 
as rootlets. The trunks contained very little wood and the without abundant water to 
keep the internal cells fully expanded through turger pressure, the plants would 
collapse under their own weight. One modern group, the club mosses, are usually 
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evergreen and have been used as Christmas decorations, though their flammable 
spores and increasing rarity has made this illegal in some states.  
 

 
 

Figure 14: Lycopods. Oldest surviving vascular plant division. 
 

Other related plants, such as the horsetails, may form extensive carpets in the 
understory of wet forests floors. The most significant feature of lycophytes 
are microphylls - a flattened thin leaf with only a single unbranched strand of 
vascular tissue, or vein (Figure 15). The thin stem would have been better suited 
for photosynthesis and gas exchange than a photosynthetic stem. This microphyll 
is the first leaf (in other land plants leaves have multiple veins, usually branching 
one or more times within the leaf). These leaves are believed to have evolved 
from the enations of earlier plants (Figure 12). In the lycophytes, special leaves 
called sporophylls produce a sporangium. While many lycophytes have their 
sporophylls scattered along their stem, most produce them in a strobilus, a cone-
like structure consisting of many spore producing leaves growing together in a 
tight cluster. These producing two kinds of spore, each of which will give rise to a 
single-sex gametophyte.  
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Figure 15: Lycophyte. Flat leaf with single vein. 

 

Life Cycle of Lycopods  
In the lycophytes, as in other vascular plants, there is an alternation of 
generations between a small, sex-cell-producing phase (gametophyte) and 
a conspicuous, spore-producing phase (sporophyte). The members of one of the 
chief living families, Lycopodiaceae, are homosporous (with just one kind of 
spore). They have terrestrial or subterranean gametophytes that vary in size and 
shape depending on the genera. 
 
Although Lycopodium gametophytes are rarely found in nature, enough is known 
about them to recognize two fundamental types, based principally upon their 
mode of growth and nutrition. In some species the gametophyte becomes a small, 
green plant with numerous lobes, growing on the surface of the soil; the time 
interval between spore germination and sexual maturity of the gametophyte may 
be eight months to a year. In other species, including nearly all those of the north 
temperate zone, the gametophyte is subterranean, slower growing, and dependent 
upon an associated fungus for continued growth. The yellow to brown 
underground plant may become carrot-shaped, rod-shaped, or disk-shaped and 1 
to 2 centimetres (0.4 to 0.8 inch) in length or width. Generally, a gametophyte of 
this type remains subterranean, and five or more years are required before it 
becomes sexually mature. 
 
Gametophytes are bisexual; i.e., the sperm-producing antheridia and the egg-
producing archegonia occur on the same plant. Fertilization takes place after a 
flagellated sperm swims to the archegonium. The embryo, or young sporophyte, 
consists of a shoot, a root, and a food-absorbing outgrowth called a haustorial 
foot. Ultimately the sporophyte becomes physiologically independent of the 
gametophyte, and the latter dies (Figure 16). 
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Figure 16: Life Cycle of Lycopod. In the lycophytes, as in other vascular plants, 
there is an alternation of generations between a small, sex-cell-producing phase 
(gametophyte) and a conspicuous, spore-producing phase (sporophyte). 
 
The other main extant genera, Selaginella (the only genus of the family 
Selaginellaceae) and Isoetes (the only genus of Isoetaceae)—are heterosporous 
(having two kinds of spores). Their gametophytes are microscopic and undergo 
most of their development while still within the spore wall (endosporic 
development). Definite strobili are formed in Selaginella, and the sporophylls 
generally differ from the vegetative leaves, although not as much as in the species 
of Lycopodium that form strobili. In Isoetes, sporangia are produced at the 
expanded concave bases of the quill-like leaves. There are two types of sporangia, 
called microsporangia and megasporangia; the sporophylls associated with them 
are termed microsporophylls and megasporophylls. 
 
Numerous microspores are produced in the microsporangium, and cell 
division within the microspore wall initiates male gametophyte development. 
These divisions may occur before the spores are shed from the microsporangium. 
Final development of the male gametophyte, or microgametophyte, usually occurs 
on the soil prior to the release of biflagellate sperm.  
 
In Selaginella, usually only four large megaspores are produced in a 
megasporangium. Development of the female gametophyte, or megagametophyte, 
also may begin while the megaspore is still within the megasporangium. Free 
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nuclear divisions (without wall formation) occur for a time, but ultimately walls 
appear and the megagametophyte ruptures the megaspore wall. These final stages in 
development usually occur on the soil after the megaspore with the enclosed female 
gametophyte is shed from the megasporangium. Fertilization occurs when a sperm 
swims to an archegonium. The young sporophyte remains in physical contact with 
the megaspore and the enclosed female gametophyte tissue for some time. 
 
The processes of sexual reproduction of Isoetes are very similar to those 
of Selaginella, except that the sperm are multiflagellate and many more spores are 
formed per sporangium. In fact, the microsporangia of some species are the 
largest among vascular plants and produce several thousand spores (Figure 17).  
 
 

 
 
Figure 17: Life Cycle of Selaginella. Alternation of generation producing spore 
and gamete. 
 
B.  Ferns 
Ferns appear in the mid-Devonian. In the ferns the plant body specializes into 
different organs: 
1.  Roots: Anchors the plant and responsible for the absorption of water and 

minerals. 
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2. Stems 
3.  Leaves with multiple veins: During the mid-Devonian and CO2 levels 

dropped. It may be that leaves were an advantage because they were packed 
with stoma and could bring in more CO2. Alternatively, the vascular tissue 
and broad leaf surface could have allowed ferns to compete out other plants 
for sunlight. The Sporangia that produces dust-like haploid spores. Several 
sporangia grouped together are called  Sorus. The arrangement of sporangia 
varies greatly in ferns. (Figure 18).  

 

 
 
Figure 18: Fern. Group of vascular plants (with xylem and phloem) that 
reproduce through spores and have neither seeds nor flowers. 
 

Fern Life Cycle 
 
Spores from the parent fall to the ground and with an enormous amount of luck 
(millions perish for every success) they will find suitable moisture and light. The 
tiny single-celled organism starts to grow by cell division and forms a little green 
heart shaped plants or gametophytes. These plants go unnoticed by most people as 
they are only 1/2 inch or less across and lie flat on the ground. This is an 
independent plant with its own simple "root" system (rhizoids) to provide it with 
nutrients and water. The gametophyte then grows male organs and female organs 
on its underside. The sperm will swim via a droplet of water to the egg. The 
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fertilized egg then begins to grow the Sporophyte, the plant that we know as a 
fern (Figure 19). 

 
 
Figure 19: Life Cycle Of Fern. The diploid sporophyte produces haploid spores 
by meiosis, the same process that produces eggs and sperm in animals and 
flowering plants. Each spore grows into a photosynthetic prothallus 
(gametophyte) through mitosis. 
 
2.  Seeded Vascular Plants 
Protection of sperm in pollen and young in a seed first appears in plants during 
the late Devonian. Seeds develop from a fertilized egg (or ovule) and consist of an 
embryo, nutrient, protective coating. Pollination - the tranfer of pollen to the 
ovule (this is analogous to sperm brought to the egg) for fertilization without 
water. The oldest known seed plants are called "seed ferns". This name is 
misleading since they are not ferns at all despite the superficial similarity of their 
leaves to those of ferns. Seed ferns are entirely extinct. The earliest were vine-like 
plants, probably less than two meters tall, that probably grew epiphytically on 
other plants for structural support. Later forms were tree-like (Figure 20). 



327 
 

 
 
Figure 20: Seeded Plants. During early period they were like vine plants while 
later were tree like. 
 
In seed ferns, seeds were produced singly or in pairs, and were surrounded by a 
small cup-like structure producing a somewhat sheltered chamber at one end of 
the seed. Within this cup, the seed was enclosed by a more tighly suppressed 
tissue called the integument. The integument is a layer of tissue found in all 
seeds. It is produced by the parent plant, and develops into the seed coat. An 
opening was left at one end, which permitted pollen to enter and provide sperm to 
fertilize the egg cell. Both the integuments and cupule are believed to have 
evolved from reduced and fused branches or leaves. In later seed plants, a small 
pollen chamber appears just inside the opening. In modern cycads and conifers, 
this chamber exudes sticky fluids to aid in pollen capture, and as the fluid dries, it 
pulls the pollen inside the micropyle. 
 

a.  Cycads 
 The nine or ten genera and perhaps 100 species of cycads living today 

represent the remnants of a once large group that first appeared in the fossil 
record during the carboniferous. They became dominate during the 
mesozoic and formed a large part of the diet of some herbivorous dinosaurs. 
The sporophyte of the cycad is the large and in modern cycads resembles 
palm trees but have a large stobilus (or cone) at the apex of the trunk. These 
cones contain either the male gametophyte (which produces pollen) or the 
female gametophyte (which contains the egg and where the seed is formed) 
(Figure 21).  
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Figure 21: Cycad. Cone could contain either male or female gametophyte. 
 
b. Gymnosperms and Angiosperms 
 When it comes to plants that produce seeds as a means of reproduction, 

there are two botanical classes that do so - angiosperms and gymnosperms. 
While both classes of plants produce seeds, gymnosperms do so without 
giving bloom to flowers. The ovules, which go on to become seeds on being 
fertilized by the pollens during ovulation, are not contained inside floral 
ovaries. Due to their seeds being thus exposed owing to a lack of floral 
enclosure, non flowering, seed producing plants are known as 
gymnosperms, a word derived from the Greek gymnospermos, which stands 
for naked seeds. Conifers are gymnosperms that produce seeds but no 
flowers. The seeds along with the other reproductive paraphernalia are 
contained inside the cones. 
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Self Assessment Questions 
 
Q: Fill in the blanks.  
i.  An ………………… is an ecosystem in a body of water. (Aquatic 

ecosystem) 
ii.  ………………. in conifers is significantly dependent upon the wind. 

(Pollination) 
iii.  ………………..was a major advance that allowed plants to take advantage 

of the terrestrial environment. (Vascular tissue) 
iv.  Conifers are ………………….. that produce seeds but no flowers. 

(Gymnosperms) 
v.  The tips of the ealrilest vascular plants contains branches with spore case 

called ……………… (Sporangia) 
 
Q: Answer the following. 
i.  What is pollination? 
ii.  Differentiate gymnosperms and angiosperms. 
iii.  What are ferns? 
iv.  What are lycophytes? 
v.  How enantions were formed? 
 
Q: Choose the best answer. 
i.  The first fossil records of vascular plants, that is, land plants with vascular 

tissues, appeared in the …………… 
a.  Silurian period 
b.  Devonian period 
c.  Both a and b 

ii.  Plants that contain vascular tissue but do not produce flowers or seeds 
a.  Seeded vascular plant 
b.  Seedless vascular plants 
c.  None 

iii. Seed enclosed by a more tighly suppressed tissue called the ……………… 
 a.  Integument 
 b.  Cell wall 
 c.  Cell cover 
iv.  The diploid sporophyte produces haploid spores by …………… in the life 

cycle of fern 
 a.  Meiosis 
 b.  Mitosis 
 c.  Both a and b 
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v.  The most significant feature of lycophytes are ………………. 
a.  Microphylls 
b.  Integument 
c.  None 

 
Life Cycle of Cones 
 
Pollination in conifers is significantly dependent upon the wind. When both the 
male and female cones reach sexual maturity, the male cones produce pollen and 
the female cones produce the ovules. Here's how the rest of the cycle takes place:- 
Pollen from the male cones is carried by the wind to the female cones. 
 
On reaching the female cones, the pollen grains let down fine, tubular structures, 
known as pollen tubes, which reach the inner recesses of the female cone that 
contain the female reproductive cells (gametes). 
 
Male gametes travel via the pollen tube to reach the female gametes and 
fertilization takes place. 
 
Zygotes are formed as a result of fertilization which develop into embryos 
containing germs of new plants. 
 
As each embryo matures, an integumentary enclosure surrounds it, forming the 
seed. 
 
The seeds are dispersed as the matured and now-fertilized cones open up and they 
germinate into seedlings that grow into new, individual plants. 
 
Those individual plants that are able to grow and reach maturity, produce cones, 
and thus the life cycle of conifers resumes. While most of the seeds are dispersed 
by the wind, dispersal may also take place when certain birds or animals that feed 
on mature cones swallow the seeds and pass them out in their droppings. This is 
especially quite common in certain families of conifers (such as the cypress 
family), that produce cones with soft, fleshy and sweet scales, which easily attract 
fruit-eating birds (Figure 22). 
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Figure 22: Life Cycle of a Conifer. Pine trees are conifers (cone bearing) and 
carry both male and female sporophylls on the same mature sporophyte. 
Therefore, they are monoecious plants. In the male cones (staminate cones), the 
microsporocytes give rise to pollen grains by meiosis. 
 
Gnentales: small group that is probably most closely related to flowering plants. 
An interesting feature of all gnetophytes is the presence of both tracheids and 
vessel elements in their xylem tissue. Most flowering plants contain vessel 
elements, too, providing evidence to some botanists that the Gnetophyta might 
have been ancestral to angiosperms which are flowering plants (Figure 23). 
 

 
 
Figure 23: Gnentales. Small group most closely related to flowering plants. 
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Life Cycle of Angiosperms 
 
Angiosperms, or flowering plants, are the most abundant and diverse plants on 
Earth. Angiosperms evolved several reproductive adaptations that have 
contributed to their success. Like all vascular plants, their life cycle is dominated 
by the sporophyte generation. Flowers form on the dominant sporophyte plant. 
They consist of highly specialized male and female reproductive organs. Flowers 
produce spores that develop into gametophytes. Male gametophytes consist of just 
a few cells within a pollen grain and produce sperm. Female gametophytes 
produce eggs inside the ovaries of flowers. Flowers also attract animal pollinators. 
If pollination and fertilization occur, a diploid zygote forms within an ovule in the 
ovary. The zygote develops into an embryo inside a seed, which forms from the 
ovule and also contains food to nourish the embryo. The ovary surrounding the 
seed may develop into a fruit. Fruits attract animals that may disperse the seeds 
they contain. If a seed germinates, it may grow into a mature sporophyte plant and 
repeat the cycle (Figure 24). 
 

 
Figure 24: Life Cycle of Angiosperm. They generate microspores, which will 
produce pollen grains as the male gametophytes, and megaspores, which will 
form an ovule that contains female gametophytes. 

Activity 8: Explaining how all the diverse forms of life on earth arose is at the 
heart of the “evolution debate”. 
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Key points/Summary 
 
1.  Evolution is not a random process. The genetic variation on which natural 

selection acts may occur randomly, but natural selection itself is not random 
at all. 

2.  Evolution and survival of the fittest are not the same thing. Evolution refers 
to the cumulative changes in the population or species through time, while 
survival of the fittest refers to the process of natural selection.  

3.  In the process of natural selection, individuals in a population who are well 
adapted to particular set of environmental conditions have an advantage 
over those who are not so well adapted. 

4.  A species is a population of organisms that interbreeds and has fertile 
offspring. Living organisms have descended with modifications from 
species that lived before them. More organisms are produced than can 
survive because of limited resources. 

5.  The vascular plants (or tracheophytes) are characterized by the presence 
of vascular tissue (xylem and phloem) for structural support and for long-
distance movement of water and nutrients throughout the plant body. 

 

SELF ASSESSMENT QUESTIONS 
 
Q: Answer the following questions: 
1.  Define evolution and compare various evolutionary forces.  
Ans:  See introduction. Also see 9.1.  
2.  What do you meant by adaptive radiations.Compare it in birds and as well in 

plants? 
Ans:  See 9.2.  
3.  How will you relate the origin of various organized structures as well 

organelles? 
Ans:  See 9.5.  
4.  Compare origin of life in aquatic and terrestrial ecosystem.  
Ans:  See 9.6. 
5.  What do you know about vascular plants? How will you compare evolution 

of seedless and seeded vascular plants? 
Ans:  See 9.6. 
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Q: Fill in the blanks with appropriate answers. 
1.  …………….. is change in the heritable characteristics of biological 

populations over successive generations (Evolution). 
2.  …………….. leads to an evolutionary change when some individuals with 

certain traits in a population have a higher survival and reproductive rate 
than others (Natural Selection). 

3.  ……………occur in gametes (eggs or sperm cells) and can be pass on to 
offspring, whereas  ……………..occur in non-reproductive cells and are not 
pass on to the following generation (Germ line mutations, somatic 
mutations). 

4.  In population genetics, refers to the transfer of genes from the gene pool of 
one population to another (Gene flow or gene migration). 

5.  The cell was first discovered and named by …………….. in 1665 (Robert 
Hooke). 

6.  Chloroplasts resembles………….. and remained similar to it about 3 million 
years ago (Cyanobacteria). 

7.  Besides the presence of chloroplasts, another major difference between plant 
and animal cells is the presence of a …………. (Cell wall). 

8.  All vascular plants including seedless vascular plants have a 
dominant …………………. generation (Sporophyte). 

9.  ……………….. are the oldest group of vascular plants that has living 
members (Lycophytes). 

10.  Seed was enclosed by a more tighly appressed tissue called 
the………………. (Integument).  
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