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PREFACE
Comprehensive Biology for class XI has been revised and updated as per the latest syllabus prescribed by

CBSE. The main objective of this book is to provide the students a complete textbook as well as a reference book in such
a way that they can grasp the subject with more clarity.

All the sincere efforts have been made to make the subject matter comprehensive, up-to-date and concise.
Every care has been taken to make the language simple and the presentation systematic. Well informative diagrams
have been included to supplement the text. While great emphasis has been laid on basic fundamentals, no effort has
been spared to incorporate recent information in sufficient details, so that the students may have a solid background
for competitive examinations and higher studies.

Each chapter has been divided into headings and sub-headings. Each section in a chapter is followed by questions
based on the guidelines framed by different Boards. This has been done to offer the students a quick recapitulation of the
section. The end of each chapter offers a unique collection of specially designed questions of all types viz., Questions
from NCERT Textbook Exercise with Answers, Very Short Answer Type Questions with Answers, Short Answer Type
Questions, Long Answer Type Questions, Value Based Questions, Multiple Choice Questions with Answers, AIIMS
Special Questions with Answers, Additional Objective Questions with Answers.

It is confidently hoped that the present edition of this book will prove even more useful than its earlier edition in
preparing the students for the Board as well as for competitive examinations. Constructive criticism of the subject matter
and valuable suggestions for further improvement of the book shall be gratefully acknowledged.

—Author
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SYLLABUS

BIOLOGY

CLASS XI (THEORY)

Time : 3 Hours Max. Marks : 70

Unit Title No. of Periods Marks

1. Diversity of Living Organisms 23 07
2. Structural Organisation in Plants and Animals 22 12
3. Cell : Structure and Function 35 15
4. Plant Physiology 40 18
5. Human Physiology 40 18

Total 160 70

Note: The question paper will include a Section on Open Case studies based-questions on two case studies of
7 marks each from the syllabus, a total of 14 marks. The case studies will be supplied to students in
advance. These case studies are designed to test the analytical and higher order thinking skills of students.

Unit 1: Diversity of Living Organism (23 Periods)

What is living? Biodiversity; Need for classification; Three domains of life; Taxonomy and systematics;
Concept of species and taxonomical hierarchy; Binomial nomenclature; Tools for study of taxonomy—
Museums, Zoological parks, Herbaria, Botanical gardens.

Five kingdom classification: Salient features and classification of Monera, Protista and Fungi into
major groups: Lichens, Viruses and Viroids.

Salient features and classification of plants into major groups—Algae, Bryophyta, Pteridophyta,
Gymnospermae and Angiospermae (three to five salient and distinguishing features and at least two examples
of each category); Angiosperms—classification up to class, characteristic features and examples.

Salient features and classification of animals—non chordates up to phyla level and chordates up to classes
level (three to five salient features and at least two examples of each category).

(No live animals or specimen should be displayed).

Unit 2: Structural Organisation in Animals and Plants (22 Periods)

Morphology and modifications: Tissues; Anatomy and functions of different parts of flowering plants:
root, stem, leaf, inflorescence, flower, fruit and seed (To be dealt along with the relevant practical of the
Practical Syllabus).

Animal tissues: Morphology, anatomy and functions of different systems (digestive, circulatory, respiratory,
nervous and reproductive) of an insect (cockroach). (a brief account only)

(ix)



Unit 3: Cell Structure and Function (35 Periods)

Cell theory and cell as the basic unit of life: Structure of prokaryotic and eukaryotic cell; Plant cell
and animal cell; Cell envelope, cell membrane, cell wall; Cell organelles—structure and function;
Endomembrane system, endoplasmic reticulum, Golgi bodies, lysosomes, vacuoles; mitochondria, ribosomes,
plastids, microbodies; Cytoskeleton, cilia, flagella, centrioles (ultrastructure and function); Nucleus, nuclear
membrane, chromatin, nucleolus.
Chemical constituents of living cells: Biomolecules, structure and function of proteins, carbohydrates,
lipids, nucleic acids, enzymes—types, properties, enzyme action.

Cell division: Cell cycle, mitosis, meiosis and their significance.

Unit 4: Plant Physiology (40 Periods)

Transport in plants: Movement of water, gases and nutrients; Cell to cell transport, Diffusion, facilitated
diffusion, active transport; Plant-water relations, Imbibition, water potential, osmosis, plasmolysis; Long
distance transport of water—Absorption, apoplast, symplast, transpiration pull, root pressure and guttation;
Transpiration, Opening and closing of stomata; Uptake and translocation of mineral nutrients—Transport
of food, phloem transport, massflow hypothesis; Diffusion of gases.

Mineral nutrition: Essential minerals, macro and micronutrients and their role; Deficiency symptoms;
Mineral toxicity; Elementary idea of hydroponics as a method to study mineral nutrition; Nitrogen
metabolism, nitrogen cycle, biological nitrogen fixation.

Photosynthesis: Photosynthesis as a means of autotrophic nutrition; Site of photosynthesis, pigments
involved in Photosynthesis (Elementary idea); Photochemical and biosynthetic phases of photosynthesis;
Cyclic and non cyclic photophosphorylation; Chemiosmotic hypothesis; Photorespiration; C3 and C4 pathways;
factors affecting photosynthesis.

Respiration: Exchange of gases; Cellular respiration—glycolysis, fermentation (anaerobic), TCA cycle
and electron transport system (aerobic); Energy relations—Number of ATP molecules generated; Amphibolic
pathways; Respiratory quotient.

Plant growth and development: Seed germination; Phases of plant growth and plant growth rate;
Conditions of growth; Differentiation, dedifferentiation and redifferentiation; Sequence of developmental
processes in a plant cell; Growth regulators—auxin, gibberellin, cytokinin, ethylene, ABA; Seed dormancy;
Vernalisation; Photoperiodism.

Unit 5: Human Physiology (40 Periods)

Digestion and absorption: Alimentary canal and digestive glands, role of digestive enzymes and
gastrointestinal hormones; Peristalsis, digestion, absorption and assimilation of proteins, carbohydrates
and fats; Calorific values of proteins, carbohydrates and fats; Egeston; Nutritional and digestive disorders—
PEM, indigestion, constipation, vomiting, jaundice, diarrhea.

Breathing and respiration: Respiratory organs in animals (recall only); Respiratory system in humans;
Mechanism of breathing and its regulation in humans—Exchange of gases, transport of gases and regulation
of respiration, respiratory volume; Disorders related to respiration—Asthma, Emphysema, Occupational
respiratory disorders.

Body fluids and circulation: Composition of blood, blood groups, coagulation of blood; Composition of
lymph and its function; Human circulatory system—Structure of human heart and blood vessels; Cardiac
cycle, cardiac output, ECG; Double circulation; Regulation of cardiac activity; Disorders of circulatory
system—Hypertension, Coronary artery disease, Angina pectoris, Heart failure.

(x)



Excretory products and their elimination: Modes of excretion—Ammonotelism, ureotelism, uricotelism;
Human excretory system—structure and function; Urine formation, Osmoregulation; Regulation of kidney
function—Renin—Angiotensin, Atrial natriuretic factor, ADH and Diabetes insipidus; Role of other organs
in excretion; Disorders—Uraemia, Renal failure, Renal calculi, Nephritis, Dialysis and artificial kidney.

Locomotion and movement: Types of movement—ciliary, flagellar, muscular; Skeletal muscle—contractile
proteins and muscle contraction; Skeletal system and its functions; Joints; Disorders of muscular and
skeletal system—Myasthenia gravis, Tetany, Muscular dystrophy, Arthritis, Osteoporosis, Gout.

Neural control and coordination: Neuron and nerves; Nervous system in humans—central nervous
system, peripheral nervous system and visceral nervous system; Generation and conduction of nerve
impulse; Reflex action; Sensory perception; Sense organs; Elementary structure and function of eye and
ear.

Chemical coordination and regulation: Endocrine glands and hormones; Human endocrine system—
Hypothalamus, Pituitary, Pineal, Thyroid, Parathyroid, Adrenal, Pancreas, Gonads; Mechanism
of hormone action (Elementary Idea); Role of hormones as messengers and regulators, Hypo- and
hyperactivity and related disorders; Dwarfism, Acromegaly, Cretinism, Goiter, Exophthalmic goiter,
Diabetes, Addision’s disease.

Note: Diseases related to all the human physiological systems to be taught in brief.

(xi)
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The living world comprises of diverse type of organisms. Millions of living
organisms occur in it. The science which deals with the study of living things
is called biology (Gk. bio-life, logos-study or discourse). The definition of biology
appears to be quite simple, but actually this science is very complex and
informative. It covers all aspects of study of living beings like origin, occurrence,
external form, organisation, life history and inheritance. All these disciplines
constitute several aspects or branches of biology. Being broad based and multi-
disciplinary, the term biology is often replaced by the term ‘life sciences’ or
‘biological sciences’.

Biology deals with the science of living things—what they are, how they
work, interact and change or evolve. The living organisms interact with one
another, as well as with their physical and chemical environment. Biology, as
a discipline of science, demands a scientific approach for analysis of its facts.
It is, therefore, imperative that students of biology should have a clear idea
about the basic nature of science.

There are two types of objects—living and non-living. However, despite
our recognition of the two, it is very difficult to distinguish living beings from
non-living objects. Though biologists have vast knowledge of living things,
yet it is quite difficult for them to define life. Therefore, rather than to trying
to define life, biologists focus on how life works. All the living beings share
certain unified and basic characteristics. These include, organisation, energy
utilization, regulation or homeostasis, growth, development, reproduction and
adaptation.
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Chapter 1The Living World

he literary meaning of ‘life’ is the property that
distinguishes living beings from non-living
things. Life is a unique, complex organisation of

molecules expressing itself through chemical reactions,
which lead to growth, development, responsiveness,
adaptation and reproduction. An object exhibiting the
growth, development, death, etc., is designated as ‘living
being’.

DEFINING CHARACTERISTICS OF
LIVING BEINGS

Although, there exist a great diversity among
organisms, they have many things in common. The
diverse forms of organisms such as fungi, plants, insects
and vertebrates are made up of cells, similar in internal
organisation and functions. May be a single celled
Amoeba or bacterium or giant multicellular whale or
the human, all share some unified and basic
characteristics like growth, reproduction, ability to sense
environment, metabolism, ability to self replicate, self
organise, interact and emergence, etc.

All these become the defining property of living
organisms. Let us understand each of these.

Growth
Increase in mass and increase in number of

individuals are the two characteristics of growth. All
organisms are able to grow. A multicellular organism
grows by cell division. In plants, growth occurs
throughout their lifespan. However, in animals this
growth occurs only upto a certain age, and thereafter
cell division occurs only in certain tissues to replace the
lost cells. Unicellular organisms also grow by cell division.
The increase in body mass is considered as growth. In
living organisms growth is from inside. It occurs due to
synthesis of two types of substances, i.e., protoplasmic
and apoplasmic substances. Protoplasmic substances are
components of living matter like cytoplasm and nucleus.

Apoplasmic substances are non-living materials formed
by the cells and which become components of tissues,
e.g., cell walls, fibres of connective tissues, matrix of
bone and cartilage.

Certain non-living objects such as mountains,
boulders and sand mounds also grow. However, the
growth of non-living objects is established by the
accumulation of material on their surface. Growth,
therefore, cannot be taken as a defining characteristic
of living organisms.

Reproduction
Living organisms produce new individuals similar

to them. Organisms reproduce by sexual and asexual
means. Fungi multiply and spread easily by producing
millions of asexual spores. Some organisms like Yeast
and Hydra multiply by budding. The flat worms (e.g.,
Planaria) regenerate from fragmented parts of their
body. The filamentous algae, fungi, protonema of mosses
also multiply by fragmentation.

In unicellular organisms like bacteria, Amoeba, and
unicellular algae, reproduction is synonymous with
growth, i.e., increase in number of cells. Therefore, in
unicellular organisms, there is no distinction in the
usage of the terms ‘growth’ and ‘reproduction’.

Many organisms such as mules, sterile worker bees,
infertile human couples, etc., do not reproduce. Also non-
living objects cannot reproduce and replicate by
themselves. Therefore, reproduction cannot be taken
as a defining property of living organisms.

Metabolism
Living organisms are made up of different kinds of

chemicals, which are constantly being made and
changed into some other biomolecules. These reactions
are called metabolic reactions. Thousands of metabolic
reactions occur simultaneously inside all living
organisms. The sum total of all the chemical reactions
occurring in our body is called metabolism.

T
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Metabolism consists of two types of processes—
anabolism and catabolism. Anabolism includes all the
building up reactions. It is also called constructive
metabolism, since it involves the synthesis of complex
substances from simpler ones, e.g., synthesis of organic
compounds from CO2 and water during photosynthesis,
formation of starch from glucose, synthesis of proteins
from amino acids, formation of lipids from fatty acids
and alcohol, etc. Energy is stored (as potential energy)
in anabolism.

6CO2 + 12H2O ⎯⎯⎯⎯⎯⎯→
Chlorophyll

sulight
Enzymes  C6H12O6 + 6H2O + 6O2 ↑

Catabolism includes all breakdown reactions. It is
also called as destructive metabolism, as it involves
breaking of complex substances into simpler ones.
Potential energy present in the complex substances is
converted into kinetic energy in catabolism, e.g.,
breakdown of glucose during respiration, releasing
energy to perform different body activities.

C6H12O6 + 6O2 ⎯⎯⎯⎯⎯→Enzymes  6CO2 + 6H2O + Energy

Metabolic reactions can be performed outside the
body in cell free systems. An isolated metabolic reaction
outside the body of an organism is neither living nor
non-living. The isolated metabolic reactions in vitro are
not ‘living things’ but are ‘living reactions’. Hence,
metabolism can be considered defining feature of all
living organisms without exception.

Cellular Organisation
All types of organisms simple to complex, are made

up of one or more cells, similar in internal structure
and functions. Hence, cellular organisation of the body
is the defining feature of life forms.

Consciousness
All living organisms have the ability to sense their

surroundings or environment and respond to these
environmental stimuli, which could be physical,
chemical or biological. All organisms, from prokaryotes
to most complex eukaryotes can sense and respond to
environmental cues. Photoperiod (i.e., duration of light)
affects reproduction in seasonal breeders of both plants
and animals. Plants respond to external factors like
light, water, temperature, pollutants and other
organisms. All organisms are able to handle chemicals
that enters their bodies and are aware of their
surroundigns. We sense our environment through our

sense organs. Human beings are the only organism that
has ‘self consciousness’ i.e., aware of himself. Hence,
consciousness (chetan tatwa) is the defining property
of living organisms.

It is quite difficult to define the living state of a
human being at different times. For example, lying in
coma in hospital, supported by machines (i.e., heart and
lung machines), with dead brain. The patient has no
self consciousness. Are such patients who never come
back to normal life, living or non-living?

All living phenomena are due to underlying
interactions. The properties of tissues are not present
in constituent cells but arise as a result of interactions
among the constituent cells. In the same way, the
properties of tissues are not present in the molecular
constituents of the organelle, but is due to the
interactions among the molecular components that
constitute the organelle. These interactions result in
emergent properties at a higher level of organisation.
Thus, the living organisms are self-replicating,
evolving and self regulating interactive systems capable
of responding to external stimuli. All living organisms—
present, past and future, are linked to one another by
sharing of common genetic material, but to varying
degree.

DIVERSITY IN THE LIVING WORLD

There exist diverse kinds of living organisms around
us. The presence of living organisms can be felt by sight,
sound, smell, even touch and taste. It is estimated that
about 1.7–1.8 million species of living organisms have
been studied and named for identification. The list of
organisms includes about 1.2 million animal species and
about 0.5 million plant species. Every year about
15,000 new species of living organisms are added to
the list. It is estimated that any where from 5–30 million
species of living organisms are present on earth. Most
of the unknown occur in the dense tropical rain forests
and under water reefs.

As stated earlier, there exist millions of plants and
animals in the world, we know the plants and animals
in our own area by their local names. These local names
would vary from place to place, even within a country.
These names also vary with language. Therefore, there
is a need to standardise the naming of living organisms
such that, particular organism is called by the same
name all over the world. This process is called
nomenclature. Obviously, nomenclature is only
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possible when the organism is described correctly and
identified.

The number and diversity of living organisms is so
enormous that it is impossible to study them without
classifying into certain groups or categories.
Classification is the process by which anything is
grouped into convenient categories based on same easily
observable characters. As in a library, proper cataloging
enables us to locate a particular book or to decide the
place for a new book. In the same way, classification of
living organisms allows us to identify and recognise the
organisms. For example, we easily recognise groups of
plants and animals or dogs, cats and insects. When we
use any of these terms, mentally we associate certain
characters with the organism of that group. A specific
picture develops in our mind when we think of dog.
Each of us will develop a picture of a dog and not of a
cat. Now, if we think of ‘Alsatians’ (a variety of dog), we
can understand, what we are talking about. Similarly,
when we talk about mammals, we can think of animals
with external ears and body hair. If we talk of wheat,
the picture in our minds will be of wheat plants and
not of rice or any other plant. Thus, all these plants,
animals, mammals, dogs, cats, wheat, rice, etc., are
convenient categories used for the study of organisms.
Each category is considered a taxonomic unit and
represents a taxon (pl. taxa).

The categories are only abstract terms representing
a rank or a level of grouping of organisms, while a
taxon is a group of real organisms, which are placed
in a specific category. Now you can understand that
‘taxa’ can indicate categories at different levels. Hence,
plants, wheat, animals, mammals, dogs are all taxa.
But you know that a dog is a mammal and mammals
are animals. Therefore, ‘animals’, ‘mammal’ and ‘dogs’
represent taxa at different levels. Based on
characteristics, all living organisms can be classified into
different taxa. This process of classification is called
taxonomy.

PROCESSES IN TAXONOMY

The basic processes to be carried out in studies of
taxonomy are as follows:

1. First of all, the organism has to be described for
its all morphological and other characteristics. It
is called characterisation.

2. On the basis of its characteristics, it is decided
whether it is similar (or different) to any known
group of taxon. It is called identification.

3. Based on its similar characteristics, it is then placed
in a known taxon. It is called classification.

4. Once the organism has been placed in the right
taxaon—the last step is to determine its name. If
the organism is already known, its correct name
is determined. If it is an organism not described
before, it is given a new name. This process is
called nomenclature.

Thus, characterisation, identification,
classification and nomenclature are the processes
that are basic to taxonomy.

NEED OF TAXONOMY

Biological classification or taxonomy is very useful as it
serves following purposes:

1. It makes the identification of organism and their
study more convenient.

2. The study of a few representatives from each
group enables us to have a broad idea of the life
of whole group.

3. It reveals relationship among the various groups
of organisms.

4. It also enables the biologists to interpret the poorly
visible structures of the fossil organisms.

5. It helps to understand the evolutionary trends in
various groups of organisms.

Scientists who study and contribute to the
classification of orgnisms are known as systematists
or taxonomists, and their subject is called
systematics (L. Systema = order or sequence) or
taxonomy (L. Taxis = arrangement ; nomos = law ;
de candole, 1813). Generally, the terms, such as
classification, systematics and taxonomy are used
interchangeably. But some taxonomists, like Simpson
(1961) consider them as separate fields. According to
him,  ‘systematics is the study of diversity of organisms
and all their comparative and evolutionary relationship
including their comparative anatomy, ecology,
physiology and biochemistry’.

He regards classification as a subtopic of
systematics and defined it as ‘the process which deals
with the ordering of organisms into different groups
on the basis of their relationship’.

He defined Taxonomy as ‘the study of principles and
procedures of classification’.

Any how, systematics and taxonomy are quite
interrelated fields and henceforth will be used
interchangeably.
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