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Introduction
The word biology comes from the ancient Greek word bios
(“life”) and -logia (“study of”). Modern biology is literally
the “study of life” in all its forms – plant, animal, or otherwise.

The branch as Biology was separated from natural
science by Aristotle. That's why Aristotle is called the father
of Biology.

What is Biology?
Biology as the scientific study of living things is a relatively
recent development. Basically, an organism is a living thing
that is highly organized. By this we mean that an organism
has a high degree of Biological Order, a very organized pattern.

    

The Pyramid of Life
It is a distinctly pointed-and-sloped kind of pyramid. A level
of biological organization represents a certain degree of size
and complexity of body structures as well as the inter-
relationship between them and other non-body structures.

In biology, a Pyramid of Life can be identified. This
Pyramid consists of 12 stacked horizontal levels of biological
organization. Level XII is the largest and most complex. This
position at the top or peak symbolizes the fact that Level XII
contains all the other levels of biological organisation below

and within it. Further, each of the other levels likewise contains
the lower levels closer to the broad base of the Pyramid. The
farther one goes up in the Pyramid, the greater is the size and
complexity of the biological patterns encountered.

“Why is this diagram called the Pyramid of Life?”. The
reason is that life begins at a certain level of the Pyramid
(Level V), and then continues upward through each of the
higher levels of biological organization (Levels VI–XII). The
12 Pyramid levels are as follows: subatomic particles, atoms,
molecules, organelles, cells, tissues, organs, organ systems,
organism, population, community, and ecosystem. Level V
(cells) is called “the lifeline”. This indicates that the cell is the
lowest living level of biological organization. All levels above
this “lifeline,” therefore, also include living things. The
explanation is that a population, community and ecosystem
are all above the organism level of the Pyramid.

Biological Evolution
Development of Evolutionary Theory
Biology came of age as a science when Charles Darwin
published On the Origin of Species. But, the idea of evolution
wasn't new to Darwin. Lamarck published a theory of
evolution in 1809.

Lamarckism
Lamarck proposed that an organism's acclimation to the
environment could be passed on to its offspring. For example,
he thought proto-giraffes stretched their necks to reach higher
twigs. This caused their offspring to be born with longer
necks. This proposed mechanism of evolution is called the

“Nothing in biology makes sense except in the light of
evolution.” — Theodosius Dobzhansky

Biological evolution is genetic change in a population
from one generation to another.  The speed and the direction
of change are variable with different species and at different
times. Continuous evolution over many generations can result
in the development of new varieties and species.  Likewise,
failure to evolve in response to environmental changes can,
and often does, lead to extinction. The gene pool is the set of
all genes in a species or population.



2 l Biology

K
KUNDAN

inheritance of acquired characteristics. Lamarck also
believed that species never went extinct, although they may
change into newer forms. All these ideas are now known to
be wrong.

Darwinism
Darwin's contributions include hypothesizing the pattern of
common descent and proposing a mechanism for evolution
— natural selection. In Darwin's theory of natural selection,
new variants arise continually within populations. A small
percentage of these variants cause their bearers to produce
more offspring than others. These variants thrive and
supplant their less productive competitors. The effect of
numerous instances of selection would lead to a species being
modified over time.

Neo-Darwinism
Modern theory of evolution built up since the 1930s by
integrating the 19th-century English scientist Charles
Darwin's theory of evolution through natural selection with
the theory of genetic inheritance founded on the work of the
Austrian biologist Gregor Mendel.

Darwin didn't know that the true mode of inheritance
was discovered in his lifetime. Gregor Mendel, in his
experiments on hybrid peas, showed that genes from a mother
and father do not blend. An offspring from a short and a tall
parent may be medium-sized; but it carries genes for shortness
and tallness. The genes remain distinct and can be passed on
to subsequent generations. Mendel mailed his paper to
Darwin, but Darwin never opened it.
l The initial phase of the total 3.7 billion years of biological

evolution was dominated mostly by bacteria.

Comparative Organs
The organs of different individuals are classified into three
types. They are homologous, analogous and vestigial organs.

Homologous Organs
The organs which have common origin and structure are
called homologous organs. They may differ in function and
form (shape).

For example: the forelimb of a frog, the wing of a bird, the

paddle of a whale and the hand of a man — all of them have
same origin and same structure. Each of these organs has
same bones, same blood vessels and same nerves.

Another example is mouth parts of different insects
(cockroach, housefly and butterfly). All of them have same
labrum, mandibles, maxillae and labium. But they differ in
form and function. It is because their mode of feeding habits
is different.

Analogous Organs
The organs which have common form and function are called
analogous organs. But they may differ in origin and structure.

For example, the wings of insect and bird. In both of
them, the wings perform the function of flying. But the wing
of an insect is derived from ectoderm and it is supported by
chitinous nervures, whereas the wing of a bird is derived
from mesoderm and it is supported by bones.

Vestigeal Organs
The organs which are non-functional and reduced in an
organism are  called vestigial organs. But these organs were
well developed and performed functions in our ancestors.
The organs become functionless when the animals enter into
a new habitat or when their function is taken up by another
organ or when habits change. The presence of vestigial organs
is the most convincing evidence in favour of organic evolution
and is also supported by the disuse principle of Lamarck.
The different vestigeal organs of man are vermiform appendix,
coccyx, nictitating membrane (plica semilunaris), muscles
of the ear, clitoris of females, etc.

Connecting Links
The organisms having the structures of two different groups
are called connecting links. These explain the path of
evolution. The connecting links are:
A. Peripatus: It consists of nephridia like annelids and

trachea like arthropods.
Annelids  peripatus    Arthropods.

B. Monotremes (prototherians Echidna, Ornithorynchus):
Monotremes are considered as connecting inks between
reptiles and mammals.
Reptiles  Monotremes  Mammals
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The basic unit of structure and function in living organisms
is the cell. Cells are very minute. While some organisms are
very simple, containing a single cell (unicellular), there are
some organisms that are more complex (multicellular).
l In 1665, Robert Hooke discovered cells in cork and then

in living plant tissue, using an early microscope.
l The cell theory states that all organisms are composed

of one or more cells, and that those cells have arisen
from pre-existing cells.

Cells are delimited by a plasma membrane and contain all the
necessary chemicals and structures for the life of a particular
type of cell. The cells of a multicellular organism are often
differentiated to perform specific functions. For example, a
neuron is specialized to conduct nerve impulses, a muscle
cell contracts, a red blood cell carries oxygen, and so on.
Thus, there is no such thing as a typical cell.
l The most primitive cells alive today are the bacteria.

Bacteria are generally single-celled organisms that
characteristically lack a nucleus.

l Most other life forms (including algae, fungi, plants, and
animals) are characterized by the presence of a nucleus
and are referred to as eukaryotes.

l In eukaryotes, cells often combine to make tissue and
tissues combine to form organs.

l The nucleus is a membrane-bound compartment that
isolates the genetic material from rest of the cell
(cytoplasm).

Types of cells
There are two types of cells: prokaryotic and eukaryotic.
Prokaryotic cells are much simpler and hence smaller than
eukaryotic cells. They do not have an organized nucleus or
the organelles found in eukaryotic cells. Examples of
prokaryotes are bacteria. They have an organized nucleus as
well as several organelles that are not found in prokaryotic
cells. Examples of eukaryotes are plants, animals, fungi and
protists.

Difference between
Prokaryotic and Eukaryotic Cell

Prokaryotic Cell Eukaryotic Cell
1. There is no well-defined 1. Nucleus is well-defined;

nucleus; only coils there is nuclear
of DNA are present membrane and

nucleolus
2. Membrane-bound 2. Membrane-bound

organelles are absent organelles are present

3. There is no cyclosis 3. Cyclosis occurs in
cytoplasm

4. There is no sexual 4. Sexual reproduction
reproduction occurs through gamete

formation
5. Ribosomes are of 70s 5. Ribosomes are of 80s

type type

Cell Structures and Organelles

Cell Surface Membrane (Plasma Membrane)
This is the outermost structure of the cell which separates
the cell from its environment. The cell membrane is a thin
partially permeable bilayer structure (two layers) which has
protein embedded within the layers. The layers are made of
lipids, especially phospholipids, and function not only to
separate the cell from its outer environment but also filter the
entrance and exit of molecules.

Cytoplasm
This is a semi-liquid material enclosed within the cell
membrane. Cell cytoplasm, often described as jelly-like,
essentially acts as a form of support for the cell structures
located within the semi-liquid medium. About 70% of the
cytoplasm is water. The entire content of the cell is called
protoplasm.

Nucleus
This is the largest cell organelle that is present in both
plant and animal cell; however it is absent in prokaryotic
cells.
l The nucleus is composed mostly of protein and

deoxyribonucleic acid (DNA).
l DNA is the genetic material of the cell and controls its

structure and function.
l DNA is organized into linear units called chromosomes.
l The functional parts of each chromosome are called

genes. It is through these genes that genetic material is
passed during reproduction.

l The nucleus is enclosed by an envelope of two
membranes called nuclear membrane. Though
prokaryotic cells do not have a nucleus, they do have
DNA.

Cells
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Nucleic Acids
The nucleic acids get their name from their occurrence within
the “nucleus” of eukaryote cells. The nucleic acids include
nitrogen-containing bases as their chief components.
l All of the living organisms contain two major types of

nucleic acids – DNA (deoxyribonucleic acid) and RNA
(ribonucleic acid).

l DNA occurs as a twisted ladder or double helix, and it
includes genes along its length. These genes serve as
codes for the production of body proteins and other
chemicals.

l Several types of RNA make copies of the code, so it
can be translated into the actual production of body
proteins.

Endoplasmic Reticulum
The endoplasmic reticulum (ER) is a very important organelle
in the cell and is found in both animal and plant cell. It is
responsible for protein and lipid synthesis. There are two
types of endoplasmic reticulum: rough and smooth.
l The rough endoplasmic reticulum has ribosomes present

and is responsible for the synthesis of proteins.
l The smooth endoplasmic reticulum does not have

ribosomes present and is responsible for the synthesis
of lipids.

l In addition to protein synthesis, the endoplasmic
reticulum is also used to modify proteins.

Mitochondrion
The mitochondrion (plural mitochondria) is elongated and
shaped like a sausage. It is referred to as the “powerhouse of
the cell” because it provides energy in the form of ATP
through the process of respiration.
l Cells release energy from foods during respiration by

way of the mitochondrion. This organelle is present in
all eukaryotic cells.

l Mitochondria and chloroplasts also contain their own
separate chromosomes with a small number of genes
related to their functions in cellular metabolism.

l Mitochondrial chromosomes contain nearly 40 genes
and chloroplast chromosomes contain a few dozen to
several hundred genes, depending on the plant species.

Chloroplast
These are large plastid structures containing chlorophyll.
They have large internal surface areas and conduct
photosynthesis on their thylakoid membranes. The large
surface area increases the amount of photosynthesis taking
place within a given area, thus increasing efficiency.

Vacuoles
These are small sacs bounded by a single membrane called
the vacuolar membrane. Vacuoles contain cell sap, which is
made up of variable amounts of water, mineral salts, sugars,
pigments and enzymes depending on the cell.
l Vacuoles are present in both plant and animal cell.
l The presence of a large vacuole increases the osmotic

pressure of the cell.

Cell wall
This structure is found only in plant cells. This rigid cell
structure gives the cell a regular shape and prevents it from
bursting when the plant cells become swollen.
l The cell wall is made of cellulose, which is a

polysaccharide. The cell wall encloses/covers the cell
membrane and its contents (protoplasm).

l Due to its structural make-up its primary function is to
provide protection and support to the cell.

Ribosome
The ribosome is a large complex of RNA and protein
molecules. They each consist of two subunits, and act as an
assembly line where RNA from the nucleus is used to
synthesise proteins from amino acids. Ribosomes can be found
either floating freely or bound to a membrane.

Lysosome
It is the membrane-bound sac of digestive-system enzymes
in all eukaryotic cells. It aids in intracelleular digestion of
bacteria and other foreign particles; it may cause cell
destruction if ruptured. It is called suicidal bag of the cell.

Centrosome
The centrosome produces the microtubules of a cell – a key
component of the cytoskeleton. It directs the transport
through the ER and the Golgi apparatus. Centrosomes are
composed of two centrioles, which separate during cell
division and help in the formation of the mitotic spindle.

Golgi apparatus
The primary function of the Golgi apparatus is to process
and package the macromolecules such as proteins and lipids
that are synthesized by the cell.

Difference between Plant and Animal Cell
Animal Cell Plant Cell
Does not have a cell Has a cell wall; regular in
wall; irregular in shape shape
No chloroplast present Chloroplast present
Small temporary vacuoles Large vacuoles located in
or no vacuole the centre of the cell
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Starch grains not present Starch grains present
The nucleus is usually Due to the central location
located centrally of the vacuole, the nucleus

of the cell may be located
at the edge of the cell

Typical Animal Cell

Typical Plant Cell

Specialization of Cells
If all the cells in a body were the same and performed the
same functions, there would be some functions that an
organism would be unable to perform. As a result, some of
these cells are specialized and grouped together to form
tissues which may form organs. Specialized cells differ in
size, shape and function. These modifications of the cell enable
it to perform its task properly. Both plant and animal cells may
be specialized in different tasks.

Examples of specialized cells are Nerve cell, WBC, RBC,
Fat cells, Root hair cell and Palisade cell.

Cell Division and Reproduction

Mitosis
All somatic cells in a multicellular organism are descendants

of one original cell, the fertilized egg, or zygote, through a
divisional process called mitosis.

During mitosis, an exact copy of each chromosome is
created and then distributed through division of the original
(mother) cell into each of the two daughter cells. Interphase
is the period between successive mitoses and it consists of
three phases: G1, S, and G2.

The two products of mitosis are called daughter cells, or
progeny cells, and may or may not be of equal size.

Meiosis
Specifically, meiosis involves one DNA replication and two
divisions of the chromosomes and cytoplasm.
l The first meiotic division (meiosis I) is a reductional

division that produces two haploid cells from a single
diploid cell.

l The second meiotic division (meiosis II) is an equational
division wherein sister chromatids of the haploid cells
are separated. Each of the two meiotic divisions (meiosis
I and II) consists of four major phases.

Difference between Mitosis and Meiosis
            Mitosis Meiosis
An equational division that Meiosis I is a reductio-
separates sister chromatids nal division that sepa-

rates during meiosis II
Two daughter cells produced Four daughter cells,
per cycle called gametes, produ-

ced
Genetic content of mitotic Genetic content of
daughter cells is the same meiotic daughter cells is
as that of mother cell different from each other

and from the mother cell
Number of chromosomes in Chromosome number of
daughter cells is the same daughter cells is half that
as that of the mother cell of the mother cell
Normally occurs in almost all Occurs only in special-
somatic cells throughout the ized cells of the germ line
life of the organism in the mature organism

Different Phases of Cell Cycle
l Prophase: In prophase, the chromosomes condense and

then become progressively shorter and thicker as they
coil around histone proteins and then supercoil upon
themselves.

l Metaphase: During metaphase, kinetochore fibres from
opposite microtubule organizing centres (MTOCs) push
and pull on the joined centromeres of sister chromatids,
causing each chromosome to move to a plane usually
near the centre of the cell, a position designated as the
metaphase plate. The chromosomes are kept in this
position by the tension from fibres of opposite MTOCs.

l Anaphase: During anaphase, sister chromatids separate
at the centromere and are pulled to opposite poles. As
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each chromatid moves through the viscous cytosol, its
arms drag along behind its centromere, giving it a
characteristic shape depending upon the location of the
centromere.

l Telophase: In telophase, each set of separated
chromatids is assembled at the two poles of the cell. The
chromatids (now, referred to again as chromosomes)
begin to uncoil and return to an interphase condition.

Protein synthesis
Cells are capable of synthesizing new proteins, which are
essential for the modulation and maintenance of cellular
activities. This process involves the formation of new protein
molecules from amino-acid-building blocks based on
information encoded in DNA/RNA. Protein synthesis

generally consists of two major steps: transcription and
translation.

Transcription is the process where genetic information
in DNA is used to produce a complementary RNA strand.
This RNA strand is then processed to give messenger RNA
(mRNA), which is free to migrate through the cell. mRNA
molecules bind to protein-RNA complexes called ribosomes
located in the cytosol, where they are translated into
polypeptide sequences. The ribosome mediates the formation
of a polypeptide sequence based on the mRNA sequence.
The mRNA sequence directly relates to the polypeptide
sequence by binding to transfer RNA (tRNA) adapter
molecules in binding pockets within the ribosome. The new
polypeptide then folds into a functional three-dimensional
protein molecule.
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Genetics
Genetics is that branch of biology concerned with heredity
and variation. The hereditary units that are transmitted from
one generation to the next (i.e., inherited) are called genes.
l In 1953, American scientist James Watson and British

scientist Francis Crick developed the model for
deoxyribonucleic acid (DNA).

l Information from DNA "language" is converted into
RNA (ribonucleic acid) "language" and then to the
"language" of proteins. The central dogma explains the
influence of heredity (DNA) on the organism (proteins).

l Genes reside in the long molecules of deoxyribonucleic
acid (DNA) that exist within all cells.

l A gene contains coded information for the production
of proteins.

l DNA, in conjunction with a protein matrix, forms
nucleoprotein and becomes organized into structures
called chromosomes that are found in the nucleus or
nuclear region of cells.

l DNA is normally a stable molecule with the capacity for
self-replication. On rare occasions a change may occur
in some part of DNA code. This change is called a
mutation.

l Mutations may occur spontaneously or be induced by
exposure to mutagenic chemicals or radiation. The
resulting mutation has varying effects on gene function,
depending on where within the gene code the mutation
has occurred.
Rarely will a mutation result in an alteration of the code
that leads to the production of a defective protein. The
net result of a mutation is sometimes seen as a change
in the physical appearance of the individual or a change
in some other measurable attribute of the organism
called a character or trait. Through the process of
mutation a gene may be changed into two or more
alternative forms called alleles.

Mendel's Laws of Inheritance
Gregor Mendel proposed some basic genetic principles. One
of these is known as the principle of segregation.

In his model any one parent contains two copies of a
unit of inheritance (now called a gene) for each trait; however,
only one of these two genes (an allele) is transmitted through
a gamete to the offspring.

For example, a plant that contains two allelic forms of a
gene for seed shape — one for round and one for wrinkled

seeds — will transmit only one of these two alleles through a
gamete to its offspring. We now know that this is true only
for unlinked genes on non-homologous chromosomes.

Sexual Reproduction
Sexual reproduction involves the production of gametes
(gametogenesis) and the union of a male and a female gamete
(fertilization) to produce a zygote. In animals, male gametes
are sperms and female gametes are eggs, or ova (ovum,
singular). Gametogenesis occurs only in the specialized cells
(germ line) of the reproductive organs (gonads). In animals,
the testes are male gonads and the ovaries are female gonads.

Genetic Aberration
This can occur if mistakes are made during the separation of
chromosomes during meiosis. If homologues or sisters fail to
come apart (or disjoin) and both migrate to the same pole
(called nondisjunction), the resulting gametes will contain
two of those chromosomes instead of just one. When such a
gamete fuses with another during fertilization, the resulting
zygote will have three of that particular chromosome. This
condition is called a trisomy.

Most trisomies are lethal; however, trisomy 21 (also
called Down syndrome) results in an individual who has three
copies of chromosome number 21. This trisomy is not lethal,
but produces individuals who are mentally and physically
disabled. Trisomies of the sex chromosomes also occur
without lethality, but also result in genetic abnormalities.

Chromosome Number
In more complex organisms, such as plants and animals, each
somatic cell (any cell exclusive of sex cells) contains one set
of chromosomes inherited from the maternal (female) parent
and a set of homologous chromosomes (or homologues) from
the paternal (male) parent.

Homologous chromosomes (other  than sex
chromosomes) are similar in size, physical structure, and gene
composition. The number of chromosomes in this dual set is
called the diploid (2n) number.  Sex cells, or gametes, which
contain half the number of chromosome sets found in somatic
cells, are referred to as haploid cells (n).
l A genome refers to the genetic information contained in

the cells of a particular species.
l The number of chromosomes in the nucleus of each

somatic cell is the same for all members of a given species.

Heredity
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l The chromosomes in the nucleus make up the nuclear
genome, while the chromosomes of the mitochondria
and chloroplasts make up the mitochondrial genome and
the chloroplast genome, respectively.

Chromosome Morphology
Chromosomes are composed of DNA associated with a variety
of proteins. This complex of DNA and proteins can often be
seen inside cells as chromatin.
l Members of one group of proteins, called histones, help

organise the long strands of DNA into a structure known
as a nucleosome.

l The structure of chromosomes becomes most easily
visible during certain phases of nuclear division when
the chromosomes are highly coiled (e.g., metaphase).
Each chromosome can generally be distinguished from

all others by several criteria, including the relative lengths of
the chromosomes, the position of a structure called the
centromere that divides the chromosome into two arms of
varying length, the presence and position of enlarged areas
called "knobs" or chromomeres, and the presence of tiny
terminal extensions of chromatin material called "satellites".
l A chromosome with a median centromere (metacentric)

will have arms of approximately equal size.
l If a chromosome has its centromere at or very near one

end of the chromosome, it is called telocentric. Each
chromosome of the genome (with the exception of sex
chromosomes) is numbered consecutively according to
length, beginning with the longest chromosome first.

Genetic Basis of Sex Determination
l Sex chromosomes: Each human cell contains 46

chromosomes or 23 pairs. Of the 23 pairs, 22 pairs are
same in both males and females. These are called as
autosomes. One pair which differs in males and females
is called sex chromosome. It is the sex chromosomes
that determine the sex of an individual.

l Autosomes are chromosomes other  than sex
chromosomes and are similar in both males and females.
They do not determine sex.
Each human cell has:
23 pairs of        22 pairs of   +  1 pair of sex
chromosomes = autosomes  chromosomes
Females            =   22 pairs       +        XX
Males                 =  22 pairs       +       XY

Sex determination in humans

                 (girl)             (boy)

Important terms of Heredity
Characteristic or trait: It refers to any recognisable feature
in an individual, e.g. the skin colour in man.

Genetics: It is the study of various characteristics or
traits and how they are inherited from one generation to the
next.

Clone: During a sexual reproduction, the organism
formed is a carbon copy of the parent and inherits all its
properties. It is called clone. For example, a colony of bacteria
derived from a single bacterium consists of clones.

Offspring: During sexual reproduction, the organism
produced is not a replica but inherits some of the
characteristics of both the parents. For sexually derived
organisms, the term offspring is used.

Allele or Allelomorph: There are usually two copies of a
gene. These two copies are called alleles. In some cases, one
or both alleles will be mutated or altered in some way. Alleles
can be present in one of two states: homozygous (when alleles
inherited from the father and from the mother are similar) or
heterozygous (when alleles inherited from the father and from
the mother are different). An allele can be dominant (encodes
a protein in the heterozygous state) or recessive (encodes a
protein only in the homozygous state). Alleles can arise
either from mutations or from SNPs.

Chromosomes: A microscopic, rod-like structure in the
cell's nucleus that carries genetic material. It is a threadlike
structure found in the nucleus of all the body cells (except
red blood cells) consisting of DNA and proteins. The physical
structure consists of a large DNA molecule organized into
genes and is supported by proteins called chromatin. Human
cells normally contain 46 chromosomes identified as 23 pairs;
22 pairs are autosomes (non-sex chromosomes) and one pair
is sex chromosomes.

Crossing-over: It is the exchange of genetic material
(DNA) between homologous chromosomes at the beginning
of meiosis. This results in sperm and ova with greater genetic
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Karyotype: The biological representation of the entire
constant within the species. Thus, the biological
representation of all the chromosomes found within the
species of the organism (plant or animal) is called Karyotype.

Mutation: The process through which the structure or
the number of the genes of chromosomes are altered
immediately in which the hereditary changes take place is
called Mutation.

Thus new hereditary characters appear due to mutation
and are carried forward generation to generation.

Genetic Disorders
A genetic disorder is a disease that is caused by an
abnormality in an individual's DNA. Abnormalities can range
from a small mutation in a single gene to the addition or
subtraction of an entire chromosome or a set of chromosomes.

Genes and human disease
Monogenic: Monogenic diseases result from modifications
in a single gene occurring in all cells of the body. Pure genetic
diseases are caused by a single error in a single gene in the
human DNA. The nature of disease depends on the functions
performed by the modified gene. The single-gene or
monogenic diseases can be classified into three main
categories: Dominant, Recessive and X-linked.

Thalassaemia
Thalassaemia is a blood-related genetic disorder which
involves the absence of or errors in genes responsible for the
production of haemoglobin, a protein present in red blood
cells. Each red blood cell can contain between 240 and 300
million molecules of haemoglobin. The severity of the disease
depends on the mutations involved in the genes, and their
interplay.

Haemophilia
Haemophilia is a hereditary bleeding disorder, in which there
is a partial or total lack of an essential blood clotting factor. It
is a lifelong disorder that results in excessive bleeding, and
many times spontaneous bleeding, which, very often, is
internal. Haemophilia A is the result of a deficiency in clotting
factor 8, while haemophilia B (Christmas Disease) is a
deficiency in clotting factor 9. This illness is a sex-linked
recessive disorder. Due to the sex linkage of the disorder,
there is a greater prominence in males than in females.

Cystic Fibrosis
Cystic Fibrosis is a genetic disorder that affects the respiratory,
digestive and reproductive systems involving the production
of abnormally thick mucus linings in the lungs and can lead
to fatal lung infections. The disease can also result in various
obstructions of the pancreas, hindering digestion. An
individual must inherit two defective cystic fibrosis genes,
one from each parent, to have the disease.

diversity due to a recombination of genes. Specifically, a
portion of the end of a chromosome is broken and reattached
on another chromosome.

Down syndrome: A genetically inherited form of mental
retardation usually resulting from the inheritance of an extra
autosome 21.  Down syndrome individuals also typically are
short and stocky in build with short appendages.

Gametes: Gametes are produced by meiosis.  They
normally  have half the number of chromosomes found in
somatic cells.

Genome: The full genetic complement of an individual
(or a species).  In humans, it is estimated that each individual
possesses approximately 3 billion nucleotides in all of the
DNA that makes up his or her genome.

 The complete set of genes carried by an individual
or a cell.

 The complete set of 20,000 to 25,000 human genes.
Dominant: Every cell contains two copies of each gene.

Where only one of the gene copies or allele is mutated, and
the other  allele is ‘correct’, but the person is affected by a
genetic condition due to that mutation, the mutation is
described as dominant. The mutated gene is said to be
dominant over the other ‘correct’ copy of the gene. A condition
or characteristic caused by a dominant gene mutation only
requires one of the genes to be mutated for the person to be
affected.

Homozygous: A condition when a diploid organism has
same allelic forms of a gene, for example. AA is homozygous.
A homozygous organism when self-bred or in-bred gives rise
to true-breeding forms.

Heterozygous: A condition when a diploid organism has
different allelic forms of gene, for example, Aa hybrid is
heterozygous.

Genotype: A genotype is the genetic expression of an
organism. AA, Aa and aa are all genotypes; 1 : 2 : 1 of F2 is the
genotypic ratio. A genotype cannot be seen.

Phenotype: It is the physical or the observable expression
of an organism. Though phenotype is the result of the
genotype, certain genes do not express for number of reasons
and so the genotypes and phenotypes of an organism may
not be the same. TT and Tt are two genotypes but have the
same phenotype.

Punnett square: It is a checker board devised by scientist
Punnett that helps to study all the possible results of the
various crosses.

Linkage: When two different characters tie up on the
same chromosome then its heridity is not freely exempted
and proceeds along with these characters, which is called
linkage.

The concept of linkage was first conceived by Morgan
and he asserted that those genes which carry forward the
sex-linked characters from one generation to another are called
sex-linked genes.
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Georges Cuvier Father of Modern
Palaeontology

Leonardo da Vinci Father of Palaeontology
Platter Father of Parasitology
Carolus Linnaeus Father of Taxonomy
Antony Von
Leeuwenhoek Father of Protozoology
Father Saurez Father of Special Creation

Theory
K. Landsteiner Father of Blood Group
William Harvey Father of Blood Circulation
Andreas Vesalius Father of Human Anatomy
G. Cuvier Father of Comparative

Anatomy
Paul Berg Father of Genetic Engineering
Gregor Mendel Father of Modern Genetics
Hippocrates Father of Medicine
Louis Pasteur Father of Microbiology
Edward Jenner Father of Immunology
Robert Koch Father of Bacteriology
Xavier Bichat Father of Histology
H.J. Muller Father of Radiation Biology,

Cytogenetics
Valdimir Korenchevsky Father of Gerontology
Marcello Malpighi Father  of Microscopic

Anatomy
Thomas Addison Father of Endocrinology
Ivan Pavlov Father of Conditional Reflexes

Tay-Sachs
Tay-Sachs disease is a fatal genetic disorder in which harmful
quantities of a fatty substance called Ganglioside GM2
accumulate in the nerve cells in the brain. This is caused by a
decrease in the functioning of the Hexosaminidase A enzyme.
Abnormal Hexosaminidase A enzyme activity causes an
accumulation of fat in nerve cells, leading to paralysis,
dementia, blindness, psychosis, and even death.

Fragile X syndrome
The Fragile X syndrome is caused by a "fragile" site at the
end of the long arm of the X-chromosome. It is a genetic
disorder that manifests itself through a complex range of
behavioural and cognitive phenotypes. It is the result of
genetic mutation which varies considerably in severity among
patients. Fragile X syndrome is the most common cause of
inherited mental retardation.

Father of Various Branches of Bilogy
Scientist Branch of Biology
Aristotle Father of Biology, Zoology

and Embryology
G.J. Mendel Father of Genetics
Empedocles Father of Evolutionary Ideas
Francis Galton Father of Eugenics
Hugo de Vries Father of Mutation
Karl Ernst Von Father of Modern
                   Baer                Embryology

The Life
Life evolved in the sea. The first replicating molecules were
most likely RNA. RNA is a nucleic acid similar to DNA. Most
importantly, certain RNA sequences act as polymerases --
enzymes that form strands of RNA from its monomers. This
process of self-replication is the crucial step in the formation
of life. This is called the RNA world hypothesis.

The common ancestor of all life probably used RNA as
its genetic material. This ancestor gave rise to three major
lineages of life. These are: the prokaryotes ("ordinary"
bacteria), archaebacteria (thermophilic, methanogenic and
halophilic bacteria) and eukaryotes.
l The first cells must have been anaerobic because there

was no oxygen in the atmosphere.
l Dinosaurs evolved from archosaur reptiles. Their

closest living relatives are crocodiles. Dinosaurs evolved

an upright stance similar to the upright stance mammals
independently evolved. In addition, dinosaurs evolved
to be warm-blooded.

l One of the most successful lineages of mammals is
humans. Humans are neotenous apes.

l Neoteny is a process which leads to an organism reaching
reproductive capacity in its juvenile form.

A brief history of modern biological discovery
l 1838: Modern cell biology begins with cell theory

(Schleiden and Schwann)
l 1865: Modern genetics begins with basic laws of

heredity (Mendel)
l 1875: Evolutionary theory (Darwin)
l 1953: Structure of DNA determined (Watson and Crick)
l 1960: First crystal structure of protein (Kendrew and

Perutz)

Zoology
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flatworms. These are mostly endoparasites found in animals
including human beings.
l Flatworms are bilaterally symmetrical, triploblastic and

acoelomate animals with organ level of organisation.
l Hooks and suckers are present in parasitic forms.
l Examples: Taenia selium (Tapeworm), Fasciola hepatica

(Liver fluke).

Phylum Aschelminthes
The body of the aschelminthes is circular in cross-section,
hence the name roundworms. They may be free-living, aquatic
and terrestrial or parasitic in plants and animals.
l Roundworms have organ-system level of body

organisation.
l Examples: Ascaris (Roundworm), Wuchereria bancrofti

(Filaria worm), Ancylostoma (Hookworm).

Phylum Annelida
They may be aquatic (marine and freshwater) or terrestrial,
free-living, and sometimes parasitic. Their body surface is
distinctly marked out into segments or metameres and, hence,
the phylum name Annelida.
l Nephridia (sing. nephridium) help in osmoregulation and

excretion.
l Examples: Nereis, Pheretima posthuma (Earthworm) and

Hirudinaria (Blood-sucking leech).

Phylum Arthropoda
This is the largest phylum of Animalia which includes insects.
Over two-thirds of all named species on earth are arthropods.
l The body is covered by chitinous exoskeleton.
l Sensory organs like antennae, eyes (compound and

simple), and statocysts or balance organs are present.
l Examples: Economically important insects Apis (Honey

bee), Bombyx (Silkworm), Laccifer (Lac insect); Vectors
– Anopheles, Culex and Aedes (Mosquitoes); Gregarious
pest – Locusta (Locust); Living fossil – Limulus.

Phylum Mollusca
This is the second largest animal phylum. Molluscs are
terrestrial or aquatic (marine or freshwater) having an organ-
system level of organisation.
l Examples: Pila (Apple snail), Pinctada (Pearl oyster),

Sepia (Cuttlefish), Loligo (Squid), Octopus (Devil fish),
Aplysia (Seahare), Dentalium (Tusk shell) and
Chaetopleura (Chiton).

Phylum Echinodermata
These animals have an endoskeleton of calcareous ossicles
and hence the name Echinodermata (spiny-bodied). They are
triploblastic and coelomate animals.
l The most distinctive feature of echinoderms is the

presence of water vascular system which helps in
locomotion, capture and transport of food and
respiration.

l 1972: First recombinant DNA molecules (Berg, Cohen,
Boyer)

l 1977: Rapid sequencing techniques (Gilbert and Sanger)
l 1994-95: DNA arrays introduced (Fodor, Brown, Davis)
l 1995: First complete genome sequences for organisms
l 2001: First draft of human genome sequence reported

Classification of Animals

Levels of Organisation
1. Cellular Level
2. Tissue Level
3. Organ Level
4. Organ System Level

New Classification

Phylum Porifera
Members of this phylum are commonly known as sponges.
They are generally marine and mostly asymmetrical animals.
Sponges have a water transport or canal system. The body is
supported by a skeleton made up of spicules or sponging
fibres.

Phylum Coelenterata (Cnidaria)
They are aquatic, mostly marine, sessile or free-swimming,
radially symmetrical animals. Cnidoblasts are used for
anchorage, defence and for the capture of prey.
l Corals have a skeleton composed of calcium carbonate.
l Polyp is a sessile and cylindrical form like Hydra, Adamsia,

etc., whereas Medussa is umbrella-shaped and free-
swimming like Aurelia or jelly fish.

l Examples: Physalia (Portuguese man-of-war), Adamsia
(Sea anemone), Pennatula (Sea-pen), Gorgonia (Sea-fan)
and Meandrina (Brain coral).

Phylum Ctenophora
Ctenophores, commonly known as sea walnuts or comb jellies,
are exclusively marine, radially symmetrical, diploblastic
organisms with tissue level of organisation. The body bears
eight external rows of ciliated comb plates, which help in
locomotion.
l Examples: Pleurobrachia and Ctenoplana.

Phylum Platyhelminthes
They have dorso-ventrally flattened body and are hence called
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l Examples: Asterias (Star fish), Echinus (Sea urchin),
Antedon (Sea lily), Cucumaria (Sea cucumber) and
Ophiura (Brittle star).

Phylum Hemichordata
Hemichordata was earlier considered as a sub-phylum under
phylum Chordata. But now it is placed as a separate phylum
under non-chordata. This phylum consists of a small group
of worm-like marine animals with organ-system level of
organisation. Excretory organ is proboscis gland.
l Examples: Balanoglossus and Saccoglossus.

Phylum Chordata
Animals belonging to phylum Chordata are fundamentally
characterised by the presence of a notochord, a dorsal hollow
nerve cord and paired pharyngeal gill slits. Phylum Chordata
is divided into three subphyla: 1. Urochordata or Tunicata, 2.
Cephalochordata and 3. Vertebrata.
l Examples: Urochordata – Ascidia, Salpa, Doliolum;

Cephalochordata – Branchiostoma (Amphioxus).

Some important classes of Phylum Chordata

Class Cyclostomata
All living members of the class Cyclostomata are ectoparasites
on some fishes. They have an elongated body bearing 6-15
pairs of gill slits for respiration. Cyclostomes are marine but
migrate for spawning to fresh water.
l Examples: Petromyzon (Lamprey) and Myxine (Hagfish).

Class Chondrichthyes
They are marine animals with streamlined body and have
cartilaginous endoskeleton. Mouth is located ventrally. Gill
slits are separate and without operculum (gill cover).
l Notochord is persistent throughout life. Their jaws are

very powerful.
l Some of them have electric organs (e.g.Torpedo) and

some possess poison sting (e.g. Trygon).
l Examples: Scoliodon (Dog fish), Pristis (Saw fish),

Carcharodon (Great white shark), Trygon (Sting ray).

Class Osteichthyes
It includes both marine and freshwater fishes with bony
endoskeleton. The skin is covered with cycloid/ctenoid scales.
l Examples:  Marine – Exocoetus (Flying fish),

Hippocampus (Sea horse); Freshwater – Labeo (Rohu),
Catla (Katla), Clarias (Magur); Aquarium – Betta (Fighting
fish), Pterophyllum (Angel fish).

Class Amphibia
Most of the amphibians have two pairs of limbs. The body is
divisible into head and trunk. The amphibian skin is moist
(without scales). The eyes have eyelids. A tympanum
represents the ear.
l The heart is three-chambered. Fertilisation is external.
l They are oviparous and development is direct or indirect.

l Examples: Bufo (Toad), Rana tigrina (Frog), Hyla (Tree
frog), Salamandra (Salamander), Ichthyophis (Limbless
amphibia).

Class Reptilia
The class name refers to their creeping or crawling mode of
locomotion. Their body is covered with dry and cornified
skin, epidermal scales or scutes. They do not have external
ear openings. Tympanum represents ear.
l The heart is usually three-chambered, but it is four-

chambered in crocodiles.
l Reptiles are poikilotherms. (A poikilotherm is an animal

whose internal temperature varies along with the ambient
environmental temperature.)

l Examples: Chelone (Turtle), Testudo (Tortoise),
Chameleon (Tree lizard), Calotes (Garden lizard),
Crocodilus (Crocodile), Alligator  (Alligator).
Hemidactylus (Wall lizard), Poisonous snakes – Naja
(Cobra), Bangarus (Krait), Vipera (Viper).

Class Aves
Aves (birds) have the presence of feathers and most of them
can fly except flightless birds (e.g., Ostrich). They have
beaks. The forelimbs are modified into wings.
l The heart is completely four-chambered.
l They are warm-blooded (homoiothermous) animals, i.e.,

they are able to maintain a constant body temperature.
l Examples: Corvus (Crow), Columba (Pigeon), Psittacula

(Parrot), Struthio (Ostrich), Pavo (Peacock),
Aptenodytes (Penguin), Neophron (Vulture).

Class Mammalia
The most unique mammalian characteristic is the presence of
milk-producing glands (mammary glands) by which the young
ones are nourished. They have two pairs of limbs adapted for
walking, running, climbing, burrowing, swimming or flying. l
Examples: Oviparous: Ornithorhynchus (Platypus);
Viviparous: Macropus (Kangaroo), Pteropus (Flying fox),
Camelus (Camel), Macaca (Monkey), Rattus (Rat), Canis
(Dog), Felis (Cat), Elephas (Elephant), Equus (Horse),
Delphinus (Common dolphin), Balaenoptera (Blue whale),
Panthera tigris (Tiger), Panthera leo (Lion).

Major marines and their phylum
Sea Anemone Cnidaria
Sea Hare Mollusca
Sea Cucumber Echinodermata
Sea Fan Cnidaria
Sea Cow Mammal
Sea Horse Pisces
Sea Lily Echinodermata
Sea Urchin Echinodermata
Sea Mouse Annelida
Sea Pen Cnidaria
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The human body is made up of several organ systems that
work together as one unit. The major organ systems of the
body are listed below, along with several organs that are
associated with each system:
l Nervous System
l Skeletal and Muscles System
l Endocrine System
l Excretory System
l Respiratory System
l Digestive System
l Circulatory System

Nervous System
Nervous system is divided into
l Central Nervous System (CNS): It consists of the brain

and the spinal cord. It is that part of the nervous system
which runs longitudinally along the axis of the body. It is
hollow and protected inside the axial skeleton.

l Peripheral Nervous System (PNS): It is that part of the
nervous system which is made of nerves and ganglia
that come out of the CNS and spread laterally.

PNS is further divided into
l Somatic nervous system (SNS): It consists of cranial

and spinal nerves. It controls the transmission of impulses
to and from non-visceral organs of the voluntary organs
of the body like skeletal muscles, bones, ligaments, skin,
eyes, ears. etc.

l Visceral nervous system or Autonomous nervous
system (ANS): It consists of the sympathetic and
parasymapathetic nervous systems concerned with
involuntary actions. It controls the activity of smooth
muscles, cardiac muscles and glands. It is also called
visceral nervous system.

Central Nervous System (CNS)
Brain is the cheif organ which receives the impulses, interprets
them and sends specific responses. It is covered by three
layers of connective tissue called meninges – inner piamater,
middle arachnoid and outer duramater. Between the piamater
and arachnoid membrane is a space called sub-arachnoid
space filled with cerebrospinal fluid (CSF). CSF absorbs
mechanical shock and prevents friction. It is also nutritive in
function. It is produced by the choroid plexus of the brain. It
is an alkaline fluid. The entire brain is enclosed in a bony
covering called skull or cranium. The space between the
crannium and duramater is called epidural space.
l Brain has three regions: forebrain (prosencephalon),

midbrain (mesencephalon) and hindbrain (metence-
phalon or rhombencephalon).

l Forebrain (prosencephalon): It consists of cerebrum,
diencephalon, olfactory bulbs, optic chiasma and pineal
gland.

l Cerebrum (Telencephalon): It is the largest part of the
brain and consists of two halves called cebrebral
hemispheres separated by a longitudinal fissure.

The two cererbal hemispheres are connected by a transverse
band of nerve tissue called corpus callosum. The surface of
the cerebrum has several folds or convolutions called gyri.
These gyri are separated by grooves called sulci. The cerebral
cortex (superficial part) has an outer layer of grey matter and
an inner region called white matter. Grey matter consists of
the cell bodies of all the neurons where as white matter
consists of myelinated axons of the neurons.
l The cerebrum is divided into 4 lobes, namely the frontal

lobe, the parietal lobe, the occipital lobe and the temporal
lobe.

Functions
The cerebrum receives sensory impulse from all parts of the
body and is concerned with the movement of voluntary
organs, memory, thinking, intelligence, problem solving,
speech, expression of thoughts, behaviour, reasoning, etc.
l Diencephalon: It consists of the thalamus, hypothalamus

and epithalamus.
l Thalamus: It is the relay centre which takes impulses to

and from the cebrebrum.
l Hypothalamus: It is present just below the thalamus.

The pituitary gland arises from the hypothalamus
through a stalk-like structure known as infundibulum. It
is responsible for the regulation of body temperature,
heart rate, hunger, thirst, aggression and stimulation of
pituitary gland (hypophysis) and also sleep and
wakefulness.

l Olfactory bulbs (Rhinencephalon): They are concerned

Human System
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with the sense of smell.
l Pineal gland: This is present behind the hypothalamus.

It secretes melatonin which inhibits other endocrine
glands.

l Optic chiasma: This is a structure formed due to
intersection of the optic nerves of the two eyes.

l Midbrain (Mesencephalon): It is a relay centre which
helps in exhanging impulses between the hind brain and
the forebrain. It consists of four prominences which
constitute the corpora quadrigemina (optic lobes). This
consists of two superior colliculus and two inferior
colliculus. The ventral region has a pair of thick bundle
of fibres called cerebral peduncles. It is concerned with
vision (visual reflex) and hearing.

l Hind brain (rhombencephalon): It consists of pons varoli,
medulla oblongata and cerebellum.

l Pons varoli: It is a bridge between the mid brain and
medulla oblongata. It has a vital centre called pneumotaxic
centre which maintains normal breathing rate. It also has
a centre for facial expressions.

l Medulla oblongata (Myelencephalon): It has three
important centres, namely cardiac centre, the respiratory
centre and the vasomotor centre. It also has centres which
control sneezing, coughing, vomitting and swallowing.
The cardiac centre increases or decreases the rate of
heart beat. The vasomotor center stimulates the
constriction or dilation of blood vessels resulting in an
increase or decrease in BP.

l Cerebellum (Metencephalon): It consists of two halves
known as cerebellar hemisphere. The two hemispheres
are connected by a transverse tissue called vermis. The
cerebellum controls and co-rodinates the movement of
skeletal muscles. It maintains body equilibrium.

l Human spinal cord: The spinal cord consists of an outer
white matter and an  inner grey matter. The grey matter is
distributed in the form of ‘H’. The arms of the grey matter
are known as the dorsal and ventral horns. The dorsal
and ventral horns give rise to the dorsal and ventral
roots respectively. The shallow groove on the dorsal
surface is called dorsal sulcus and the deeper groove on
the ventral surface is called ventral fissure. The spinal
cord has a central canal which is continous with the
ventricles of the brain. It is filled with cerebrospinal fluid
(CSF).
Spinal cord is surrounded by three meninges – outer
duramater, middle arachnoid and inner piamater.
Functions of spinal cord: It is responsible for reflex
actions. It communicates impulses between the brain
and the voluntary organs.

l Reflex action: It is a sudden, automatic involuntary
response to a particular  stimulus brought about by the
spinal cord; e.g. eye blinking reflex and withdrawl of
hand on touching a hot object. Reflex action is brought

about the ‘reflex arc’. The reflex arc consists of:
l Sensory (afferent) neuron which transmits the impulse

to the modulator (brain or spinal cord);
l Motor neuron (efferent neuron), which conducts the

impulses from the modulator to the effector organ; and
l Effector organ (motor organ) like muscles, glands, etc.,

which respond to the stimulus.

Nervous disorders
l Parkinson’s disease: It is the progressive degeneration

and death of the neurons in the brain. The cells in the
brain which control co-ordination, balance and posture
die.

l Epilepsy: It is a neurological disorder characterised by
abnormal or irregular electrical discharges or sudden
recurrent convulsive seizures of the brain. It is referred
to as ‘electric storms’ in the brain. These attacks of
epilepsy are called epileptic seizures. Epilepsy is also
called ‘fits’.

l Alzheimer's disease: It is the progressive degeneration
of the nervous system which results in loss of memory.

l Huntington's chorea: It is an inherited dominant
autosomal genetic disorder where threre is progressive
degeneration of the nervous system.

Skeletal and Muscles System
The hard structure of human body is made of a set of 206
bones. The frame and the bones responsible for making such
a frame is studied under Skeletal System. The skeletal system
of human is made of two parts: Axial Skeleton and
Appendicular Skeleton.
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l Axial Skeleton: The skull, the vertebral column and the
chest bones form the axial skeleton. There are 80 bones
which make axial skeleton.

l Skull: It has 20 bones in it. The human face is made of
14 bones.

l Vertebral Column: It is made of 33 vertebras.
l Appendicular Skeleton: It is composed of 126 bones in

the human body. Functionally, it is involved in
locomotion (lower limbs) of the axial skeleton and
manipulation of objects in the environment (upper limbs).
The appendicular skeleton is divided into six major

regions:
1. Pectoral Girdles (4 bones): Left and right Clavicle (2) and

Scapula (2)
2. Arm and Forearm (6 bones): Left and right Humerus (2)

(Arm), Ulna (2) and Radius (2) (Forearm)
3. Hands (54 bones): Left and right Carpal (16) (wrist),

Metacarpal (10), Proximal phalanges (10), Middle
phalanges (8), distal phalanges (10)

4. Pelvis (2 bones): Left and right os coxae (2) (ilium)
5. Thigh and leg (8 bones): Femur (2) (thigh), Tibia (2),

Patella (2) (knee), and Fibula (2) (leg)
6. Feet and ankles (52 bones): Tarsals (14) (ankle),

Metatarsals (10), Proximal phalanges (10), middle
phalanges (8), distal phalanges (10).

l The muscles and bones are joined together by tendons.
The tissue that joins bone to bone is called ligament.

l Cartilage: The cartilage is made of matrix of glycoprotein
which is semi-solid, transparent and elastic. For example,
outer ear and nose are made of cartilage.

Muscles
Most muscles are long bundles of contractile tissues. Each
muscle usually has two ends — a fixed end where the muscle
originate, and a movable end which pulls some other part.
This movable end is drawn out to form a tough structure —
the tendon — which is attached to the bone.
l Muscles can only contract and relax; they cannot

lengthen.
l Antagonistic muscles: A structure which has been

moved by a muscle cannot return to its original position
without the action of another muscle. Such muscles
causing opposing movements are called antagonistic
muscles.

Kinds of muscles
Voluntary, involuntary and cardiac: There are about 4000
muscles in our body, making up nearly one-half of the body
weight. These muscles fall into two categories: voluntary
muscles, which are under control of our will; and involuntary
muscles, which are not controlled by our will. Some muscles,
like those of the eyelids and diaphragm, are both voluntary and
involunatry. Cardiac muscles make up the walls of the heart.
l The longest bone in our body is the thigh bone.

l The smallest bones in our body are the three tiny bones
in the ear joined to the inner side of the ear drum in the
form of a chain.

l The nails and the teeth, though hard, are not bones.
l Most muscles are attached to bones, but some are not. The

muscles which move our eyelids or the muscles that push
the food along the food canal are not attached to bones.

l Some muscles in our body are vestigial (non-functional)
such as the muscles of the projecting ears. Other mammals
like the cow or horse can move their ears. Some persons
also, with some effort, can learn to move their ears
slightly.

l The skeleton performs four primary functions — support,
protection, movement and leverage.

l Bones are the storehouse of calcium and phosphorus,
and the hollow long bones produce blood cells.

l The human skeleton consists of axial skeleton (backbone
and ribs) and appendicular skelton (bones of limbs and
girdles).

l The joints between two bones may be immovable,
partially movable and movable. Movable joints are of
four kinds – hinge joint, gliding joint, ball and socket
joint and pivot joint.

l Most movable joints have a lubricating synovial fluid
between the two bones. Antagonistic muslces bring
about opposite movements of the part concerned. Human
skeleton provides all the three orders of lever.

Endocrine System
Endocrine glands are ductless glands. These glands secrete
hormones. Some of the endocrine glands are pituitary gland,
Thyroid gland and Parathyroid gland.

Pineal gland
It is located in a small cave-like hole above the hind part of
the pituitary gland in the middle of the brain.  It is also called
the controller gland.

Function: It is instrumental in the growth of the body
and controls the sex gland. It is related to the self-regulated
nervous system of the body. The secretion of this gland
controls other glands. It normalises the effect of light on the
colour of the skin and balances the cells of the brain. It is also
helpful in preventing general information.

Pituitary gland
Pituitary gland is known as the master gland. It is controlled
by hypothalamus. The hormones secreted by pituitary gland
are:
l Somatotropic hormone (STH): This hormone is

responsible for the growth of bones. Excessive secretion
of STH causes gigantism while low secretion of STH
results in dwarfism.
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l Growth Hormone (GTH): This hormone is of two types:
LH (Luteinising Hormone) and FSH (Follicle Stimulating
Hormone). LH secretes testosterone in males and
estrogen in females.
This gland is located at the base of the brain inside the

skull and is connected with hypothalamus. This gland
becomes active when other glands stop functioning. When
secretion of the gland of other hormones increases, this gland
reduces secretion.

Function: Decrease and increase in height depends on
the secretion of this gland as it affects both our bones and
muscles. This gland activates the seminal cells in men and
ovary in women. Breasts of mother get filled with milk after
delivery of a child due to this very gland. This gland
influences the vessels in the kidneys and stimulates them to
absorb more liquid. It reduces urination.

Thyroid gland
The hormone secreted by it is called thyroxin. Goitre is a
disease caused by the deficiency of iodine in food. In this
disease, the shape of the thyroid enlarges abnormally.
l This gland is located at the upper end of the bronchial

tube near the vocal cord.
l It is heavier in women then in men.
l It grasps the fundamental substance called iodine.

Function: This gland keeps our youth intact. It utilises
iodine in secretion of those hormones which are helpful in
the metabolism of fats, proteins and carbohydrates. Thus it
helps in the process of digestion. It is especially helpful in
the production and distribution of electric energy in the body.
Phosphorus is used in nerves and the centres of the brain.

Parathyroid glands
l These glands are located above and below the thyroid

gland near the vocal cord.
l They are sheltered by the left and right portions of the

thyroid gland.
Function: These glands control the quantum of calcium

in blood and play an important role in activating our muscles
and nervous system.

Thymus gland
l This gland is nestled behind the meeting point of collar

bones and neck in the middle of the chest a little above
the heart. It has got two chunks.

l It produces hormones that stimulate general growth,
particularly in life.

l It is a gland that forms part of the immune system.
Function: It is instrumental in the proper development

of the brain. It also helps in the formation of our lymph cells.
It is instrumental in the process of the excretion of foreign
matter from our body.

Adrenal glands
l Two triangular glands above the kidneys and attached

to the diaphragm are called adrenal glands.
l The secretion of this gland is most essential for the

protection of our life.
l Its cortisone-like hormones cures more than one hundred

diseases like gout, defects of blood circulation, defects
of colon cancer, asthma, etc.
Function: It is helpful in the change of our emotions. It

increases metabolism. It stimulates liver to convert glycogen.
In the state of emergency this gland creates a sense of
alertness in the body and prepares us to face squarely a
dangerous situation by inculcating us a feeling of internal
strength and security.

There are two parts of this gland: Cortex and Medulla.
In the case of deformation of cortex, the process of metabolism
gets disturbed. This situation is called Addison’s disease.

Excretory System
Excretion is the elimination of metabolic wastes by an
organism at exchange boundaries such as the plasma (cell)
membrane of unicellular organism or the excretory tubules
(flame cells, nephridia, malpighian tubules, nephrons) of
multicellular organisms.

Excretion by Kidneys
l In more advanced organisms, especially in vertebrates,

the excretory sytem is characterised by specialised
organs called kidneys.

l Inside the kidneys, metabolic wastes are removed from
blood of the circulatory sytem and deposited into a
system of products and storage organs before being
expelled outside.

The excretory system is the system responsible for the
disposal of waste material produced by the body. The major
organs in the excretory system are the kidneys. The body
can survive with just one kidney, but if there is no kidney left,
the person must use the kidney machine or else he or she
dies. The function of the kidneys is to filter urea (waste
produced by chemical reactions in the body), excess water,
and excess salts from blood. This process is called
ultrafiltration and it is done by nephrons.

Excretory Function in Humans
In humans, there are five organs involved in ridding the body
of metabolic wastes. These are:
l Skin: Evaporation from skin and action of sweat glands

help get rid of water, salts, carbon dioxide and small
quantities of urea.

l Lungs: Carbon dioxide (CO2) and water are expelled into
environment during respiration.
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l Liver: Produces urea from the breakdown of proteins or
amino groups. Urea produced in the liver is passed to
the blood stream where it is removed by the kidneys.

l Digestive Tract: Responsible for ridding the body of
certain salts, calcium, iron, magnesium, and fats.

Major Components of Human Urinary System

Kidney
l Several organs assist in the excretory process, but the

kidneys (2) are a prominent part of the urinary system
and are the primary organs of excretion in humans.

l They rid the body of nitrogenous wastes, especially urine
and  constituents.

l The kidneys are bean-shaped, reddish-brown organs,
about the size of a fist.

l They are located on either side of the vertebral column
just below the diaphragm and partially protected by the
lower rib cage.

l If sectioned longitudinally, three major parts of the kidney
can be seen. These are:
 renal cortex

1. the outer region of the kidney
 renal medulla

1. consists of the cone-shaped renal pyramids
2. lies on the inner side of the renal cortex

 renal pelvis
1. the innermost hollow chamber of the kidney
2. the place where urine collects before being taken
to the urinary bladder through the ureter.

l Renal Vein: The vein that transports blood out of the
kidneys. Blood in the renal vein is deoxidized or reduced
(without oxygen) and filtered by kidneys, thus it is clean.

l Renal Artery: The artery that transports blood into the
kidneys. Blood in the renal artery is full of oxygen but
also full of waste (urea and salts); thus it has to be
filtered.

l Ureters: Carry urine (urea, excess water, excess salts)
into the bladder.

l Bladder: The structure which stores urine before it is
excreted out of the body.

l Ring of Muscle:  A ring of muscle that is kept closed
before one goes to the toilet to excrete the urine. They
control the passage of urine out of the body.

l Urethra: The last structure from which urine passes
before going out of the body.

Nephrons
Each kidney is composed of about 1 million tiny, microscopic
tubules called nephrons. Nephrons produce urine. Nephrons
are located mostly in the renal cortex, but some dip down into
the renal medulla
l The anatomy of a nephron is as follows:

1.  Glomerular (Bowman's) capsule

2.  Proximal convoluted tubule
3.  Loop of Henle
4.  Distal convoluted tubule
5.  Collecting tubule

l Ultrafiltration: This takes palce in the Bowman's
capsule.

l First Coiled Tubule: Here, all the glucose that passes
from the capillary walls to the nephron is re-absorbed. In
a diabetic person, not all glucose is reabsorbed and it is
found in urine. Since each part of the nephron re-absorbs
the useful nutrients one at a time, it is called a selective
re-absorption.

l Loop of Henle: Here some water is re-absorbed. The
amount of water re-absorbed depends on the
concentration of blood. If it is concentrated (has little
water), a lot of water will be re-absorbed. If it is not that
much concentrated, it will re-absorb less water. The
amount of water re-absorbed also depends on a chemical
called ADH (Anti-diuretic hormone). ADH is produced
by the pituitary gland in the brain and causes thirst;
hence, more water will be re-absorbed by the loop of
Henle. When there is a lot of ADH, urine is full of waste
and with relatively little water. When ADH is not found
in the blood, urine is in large amounts, very dilute (full of
water) and with little waste.

l Second Coiled Tubule: Here some salts pass down the
ureter into the bladder which stores urine. Urine is a
mixture of urea, water and salts.

Formation of Urine
Urine production involves three distinct processes. These
are Glomerular Filtration, Tubular Reabsorption, and Tubular
Secretion.

Glomerular Filtration
l Occurs at the glomerular capsule.
l Blood pressure forces small molecules from the

glomerulus (a blood capillary bed) into the glomerular
capsule (part of the nephron of the excretory system).

l These small molecules are called glomerular filtrate and
include water, salts, nutrients and wastes. Glomerular
filtrate includes about 20% of the blood.

l Glomerular filtrate passes from glomerular capsule into
the proximal convoluted tubule.

l 80% of the blood, including serum proteins and blood
cells, is not filtered from the blood, but passes on through
the circulatory circuits out of the kidney.

Tubular Reabsorption
l Occurs at the proximal convoluted tubule.
l Accomplished by diffusion and active transport of

substances from the proximal convoluted tubule back
into the capillaries of the peritubular capillary network.

l In fact, most of the filtered nutrients and water taken
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during glomerular filtration are returned to the blood
stream. If not, there would be starvation due to a lack of
nutrients and dehydration due to excessive water loss
by urination.

l During tubular reabsorption, the tubule is able to select
the correct amount of any substance needed by blood
to maintain.
 Electrolyte balance (proper concentration of salts)
 Glucose levels (blood sugar)
 Water balance

Tubular Secretion
l Occurs at the distal convoluted tubule.
l Substances are transferred out of the blood through the

peritubular capillaries and into the cells of the distal
convoluted tubule.

l The cells of the tubule then secrete these substances
into the tubule to pass out of the body as part of urine.

l Toxic substances such as urea, uric acid, ammonia, and
others are eliminated by tubular secretion.

Functions of the Excretory System
l Excretion of nitrogenous products through urine
l Maintenance of a proper water (H2O) balance in cells

and tissues of the body
l Maintenance of a proper concentration of salts in cells

and tissues of the body
l Regulation of pH (acidity) of the blood

Skin
l The skin is the organ responsible for: Protection,

Sensitivity and Temperature Control (Homeostatis).
l The human skin has three layers: the epidermis (made

up of dead cells), the dermis (where there are the major
living cells and nerves), and the fat layer (full of fat for
insulation).

Respiratory System
Respiration is the sequence of events that results in gas
exchange between the body's cells and environment. It is
also a chemical rection catalysed by enzymes. It takes place
in each and every mitochondrion of the cells.

Respiration is done to obtain energy needed by the body.
It also needs energy to keep a constant body temperature.
l Breathing is the exchange of gases — inhaling oxygen

and exhaling carbon dioxide.
l Respiration by lungs is practised by terrestrial

vertebrates.

Human Respiratory System
The human respiratory system includes all structures that
conduct air in a continous pathway to and from the lungs.

Major  Components
l Nostril: The opening where air enters.
l Nasal Cavity: In the nasal cavity, hairs and cilia act to

filter the air.
 Air is also warmed and humidified.

l Pharynx: It is part of the digestive system and also the
respiratory system.

 The throat creates danger of choking if food goes
the wrong way, that is down the trachea rather than
down the oesophagus that leads to the stomach.

l Epiglottis: A flap of skin that closes the glottis when
food is being swallowed.
 Prevents food from entering the airways. Directs food

material into the oesophagus.
l Glottis: The opening from the pharynx to the larynx.

 At the edges of the glottis are the vocal cords
l Larynx: The voice box

 The larynx is permanently held open by a group of
cartilages, among them the cartilage of the Adam's
apple.

l Trachea: The wind pipe
 It is permanently held open by cartilages
 Divides into two bronchi

l Bronchi: Paired passages that lead to the right and left
lung.
 Continue to branch into smaller passages called

bronchioles
l Bronchioles:Small passageways that eventually

terminate in an elongated space enclosed by many air
pockets, or sacs, called alveoli

l Alveoli: Occur at the end of each bronchiole.
 Small grape-like air sacs in the lungs where internal

respiration (gaseous exchange) occurs.
 There are about 300 million alveoli in a human being.

l Lungs: The paired, large respiratory organs that include
the bronchioles and alveoli.
 Covered by a membrane or tissue called the

pulmonary pleura
l Diaphragm: The muscular partition between the chest

cavity and abdominal cavity.
 Plays a significant role in breathing.

Types of respiration
 External Respiration
 Internal Respiration

External Respiration
l Occurs in the capillary networks around the aveoli of the

lungs.
l Results in oxygen (O2) entering the blood by the process

of diffusion.
l Results in carbon dioxide (CO2) leaving the blood by the

process of diffusion.
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l Blood now high in oxygen and low in carbon dioxide
flows to the capillary networks of tissues of the body
through the following circulatory pathway: Pulmonary
venules - Pulmonary veins - Heart - Aorta - Arteries -
Arterioles.

Internal Respiration
l Internal respiration occurs in the many capillary networks

in tissues in the body.
l Results in oxygen (O2) leaving the blood by the process

of diffusion.
l Results in carbon dioxide (CO2) entering the blood by

the process of diffusion.
l Blood now low in oxygen and high in carbon dioxide

flows to the capillary new networks of alveoli of the
lungs through the following circulatory pathway: Venules
- Veins - Superior/Inferior Vena Cava - Heart - Pulmonary
Artery - Arterioles.

l Breathing: Breathing is a two-step process:
 inspiration that involves entrance of air into the lungs.
 expiration that involves exit of air from the lungs.

l During inspiration
 muscle contractions lower the diaphragm and raise

the rib cage.
 pressure in lungs and thoracic cavity decreases.
 air flows into lungs.

l During expiration
 muscles relax, diaphragm relaxes, and moves up and

rib cage moves down.
 pressure in lungs and thoracic cavity increases.
 air is pushed out of lungs.

l The entire respiratory tract has a warm, wet, mucous
membrane lining, which is constantly exposed to
environmental air.

l Strep throat is a bacterial infection that can lead to upper
respiratory infection.

l Laryngitis is an infection of the larynx with
accompanying hoarseness.

l Pneumonia is a bacterial infection of the lungs where
the bronchi and alveoli get filled with thick fluid.

l Tuberculosis is caused by bacteria that attack cells of
the lungs.

Digestive System

Chemical Body-Builders
The various group of covalent bonded carbon atoms form
the skeleton or backbone of the four major types of chemical
body-builders: proteins, lipids, carbohydrates, and nucleic
acids.

Proteins
A protein is a large organic molecule consisting of linked

amino acids. An amino acid is characterized by the presence
of a nitrogen-containing amino (NH2-) group of atoms.
Structural proteins are the critical building-blocks found in
most plant and animal tissues. Enzymes are proteins that
speed up various chemical reactions, without themselves
being changed in the process. Every living cell contains
thousands of structural proteins and enzymes.

Lipids
A lipid is a group of “fats” (lip) and fat-like hydrocarbons
that are not dissolvable in water. Many lipid molecules are
created when too many calories are consumed. Various lipids
also occur within the membranes of cells.

Carbohydrates
Carbohydrates are literally “carbon-water” molecules, that
is, their molecules can be considered to be made up of equal
numbers of carbon atoms and H2O molecules.
l Glucose, a very important carbohydrate, has a closed

ring structure, with no water molecules included.
l Some of the carbohydrates, such as glucose, serve as

the major sugars used for energy by many cells. In certain
plants, carbohydrates can help build cell walls.

Saliva
Composition: The saliva is composed of 99% water, sodium
chloride, mucin, and lysosomal enzymes. Saliva contains
digestive enzyme called salivary amylase (ptyalin).
l The pH of saliva is about 6.5 to 7. About one litre of saliva

is secreted per day.

Functions of saliva
l Water present in saliva moistens food and food dissolves

in saliva.
l Mucin of saliva lubricates the passage of food and makes

swallowing easier.
l Lysosomal enzymes present in the saliva are antibacterial

and kill bacteria.
l Saliva contains digestive enzyme salivary amylase,

which digests starch and converts into maltose.

Gastric glands
Gastric glands are tubular glands present on the mucous
membranes of the stomach. The secretions of gastric glands
are called gastric juice.
Composition: Gastric juice is composed of 99% of water,
mucus, hydrocholoric acid, and digestive enzymes like pepsin,
renin, and lipase.
l Gastric juice is highly acidic; its pH is 1-2.5.

Functions of gastric juice
l Hydrochloric acid

i. The hydrocloric acid (HCl) present in the gastric juice
kills the microbes which enter into the stomach along
with the food.



20 l Biology

K
KUNDAN

ii. HCl provides acidic condition for the activity of
proteases.

iii. It converts the inactive pepsinogen into pepsin and
prorenin into active renin.

iv. HCl is necessary for the curdling of milk.
l Mucus: It protects the wall of intestine from concentrated

hydrochloric acid.
l Enzymes: Gastric juice contains three chief digestive

enzymes:
Pepsin: It is protein-digesting enzyme.
Renin: It is milk-curdling enzyme (acts on milk protein).
Gastric lipase: It is lipid-digesting enzyme.

Intestinal glands
These are tubular glands present on the membrane of the
small intestine. The secretion of intestinal glands is called
saccus entericus.
Composition: Saccus entericus is a yellow alkaline juice. It
contains water, mucin and seven digestive enzymes. They
are Maltase, Sucrase (converts disaccharides into
monosaccharides), Lactase, Tripepetidase, Dipeptidase,
Amino peptidase.
l Enterokinase: It is not a digestive enzyme but it activates

other enzymes.

Liver
Liver is the largest gland weighing 1.5 kg. It secretes bile, a
yellow fluid. Bile is stored in the gall bladder and secreted
into duodenum.

Composition of Bile: Bile is an alkaline fluid (pH 7-8) and
it contains
l Bile salts: Bile salts are like bicarbonates and chlorides

which act as buffers.
l Bile pigments: Bile pigments like bilirubin and biliverdin

are present in the bile. These pigments are formed from
breakdown of haemoglobin and give yellow colour to
the bile.

Functions of bile
l Bile activates the lipase.
l Bile salts emulsify fats.
l They help in the absorption of fat-soluble vitamins.
l They keep the cholesterol of the bile in dissolved state.

Pancreas
Pancreas is the second largest gland in the body. It secretes
pancreatic juice, which is an alkaline fluid composed of water,
sodium carbonates and digestive enzymes. The enzymes are:
l Pancreatic lipase: digests lipids.
l Pancreatic amylase: digests carbohydrates.
l Trypsin
l Chymotrypsin
l Carboxypeptidase

Buccal Cavity
The uppermost part of the buccal cavity is called palate. In
the upper and lower jaws of the buccal cavity two separate
sequences of the teeth exist. Usually three types of dentition
are found: thecodont, diphyodont and heterodont.
l Thecodont: It is the type of dentition where each tooth is

embedded in a socket of the jaw bone.
l Diphyodont: It is the type of dentition where two sets of

teeth appear during lifetime, i.e., a set of milk teeth or
deciduous teeth is replaced by a set of permanent adult
teeth.

l Heterodont: It is the type of dentition where teeth are of
different types.

l In either jaw on either side, there exist two incisors, one
canine, two premolars and three molars.

l The incisors are first four front teeth present in either jaw.
They help in cutting food.The canine teeth are sharply
pointed; they crack and split the food. The premolars and
molars grind the food smoothly.

l Normally teeth in the human beings grow out or are born
two times. In the childhood phase 20 teeth appear; these
are called milk teeth. The teeth that grow out in adult
phase are called permanent teeth.

l Part of tooth: There are three parts in the tooth:
(i)   Upper part – apex
(ii)  Middle part – griva
(iii) Lower part – root

l Pulp Cavity: A cavity existing in the middle of the tooth is
called pulp cavity.

l Dentine: All around the pulp cavity a layer of cartilage
called dentine occurs.

l Enamel: At the apex or upper portion of the tooth a shining
layer called enamel is found. It is  the hardest part of the
human body.

Nutrition and Food
The 7 Basic Food Substances: All the food we eat is made up
of the following 7 basic substances:
1. Carbohydrates 2. Fats
3. Proteins 4. Vitamins
5. Minerals 6. Fibre
7. Water
l Carbohydrates, fats, proteins and vitamins are organic

substances because they contain carbon in their
molecular structure.
 Water and minerals are inorganic substances since

they don’t contain carbon.
l Carbohydrates, fats and proteins are needed in bulk in

our diet, while vitamins and minerals are needed in smaller
amounts.

l A person whose diet lacks any of these nutrients suffers
from malnutrition, and this may give rise to a deficiency
disease.
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l Food gives us energy. The amount of energy needed by
our body isn’t the same for everyone. The amount of
energy needed to live depends on the person’s sex, job,
attitude, age and other factors.

Carbohydrates
Carbohydrates are organic substances made up of carbon,
hydrogen and oxygen. They are very important because they
provide energy for the body. There are three types of
carbohydrates: sugars, starch, and cellulose.

Sugars
l Glucose (C6H12O6)
l Fructose (sugars in fruit)
l Sucrose (table sugar)
l Lactose (found in milk)
l Maltose (found in barley grains)

Starch
l Found in bread, potatoes, rice, cereals, etc. Plants store

food as starch.

Cellulose
l Found in all unrefined plant food. It is an important source

of fibre.
— Carbohydrates are all made up of molecules of

glucose bonded (joined) together. The simplest form
of carbohydrate is glucose. Two molecules of glucose
joined together with a bond, form maltose, lactose
and sucrose sugars. Starch, cellulose and glycogen
are formed when three or more glucose molecules
are joined together with bonds.

— The glucose molecule is represented by a hexagon.
— A single sugar molecule is called a monosaccharide.

Examples of monosaccharide are glucose and
fructose.

— Sucrose, maltose and lactose are all disaccharides
because they have two sugar molecules bonded
together.

— Starch, cellulose and glycogen are all polysaccharides
because they are made up of three or more sugar
molecules bonded together.

l Carbohydrates are found in cereals, pasta, bread, fruit,
potatoes, sugary food such as ice cream etc.

l The chemical formula of glucose is C6H12O6.
l Plants store food as starch, while animals store food as

glycogen.
l Both glycogen and starch are polysaccharides.

Polysaccharides are not sweet but are insoluble.

Fats
l Fats are organic substances. Lipids are fats in a liquid

state. Fats are useful for our body, because:
— they provide energy

— they can be stored for later use
— they build up cell membranes
— their layers serve as insulating layers under the skin

and oils on the surface of the skin make the skin
waterproof.

l Fat is found in vegetable oil, milk, fried foods, eggs, beef
etc.

Proteins
l Proteins are organic substances made up of hydrogen,

carbon, oxygen and nitrogen and sometimes they contain
sulphur.

l Proteins are needed by the body to grow and repair
tissues (a cellular structure).

l They are components of cell membranes used to produce
enzymes (biological catalysts) and hormones.

l The simplest possible protein is amino acid. Proteins are
made up of amino acids, which can be represented in
any form or shape (circle, rectangle, square).
— Amino acids are joined together by peptide bonds.
— When two amino acids are connected together with a

peptide bond, a dipeptide forms.
— When three or more amino acids are joined together,

a polypeptide is formed.
l When proteins are heated, they are denatured; they

change shape, their properties and functions are
destroyed.

l Food rich in proteins are milk, meat, eggs, nuts, fish etc.
l Amino acids are called Magic 20.

Amino Acids
Essential amino acids Non-essential amino acids
Valine Alanine
Leucine Serine
Isoleucine Proline
Phenylalanine Glutamic acid
Tryptophan Aspartic acid
Methionine Tyrosine
Lysine Cysteine
Threonine Asparginine
Histidine Glutamic acid
Arginine Glycine

Water
Water is an inorganic substance with the chemical formula
H2O. It is important for animals because: it gives support to
aquatic animals; gametes  (sex cells like sperms and eggs)
travel in a watery medium; sweating has a cooling effect on
the body; and urine and tears are mostly made up from water.

Minerals
Many minerals are important for our body. There are other
trace elements not listed in the table which are useful for
other bodily functions.



22 l Biology

K
KUNDAN

Mineral Sources Use in the body Deficiency disease
Calcium Milk, cheese, Developing bones and maintaining Rickets

fish, mineral their rigidity, forming intracellular
water cement and the cell membrane, and

regulating nervous excitability
and muscular contraction.

Iron Tomatoes, liver, Part of haemoglobin in Anaemia, headaches,
kidneys red blood cells. tiredness, and lethargy

Phosphorus Many foods, e.g. milk Important for bones and teeth. Osteomalacia (rickets)

Sodium Salt Present in extracellular Cramps
fluid, and regulates it.

Iodine Sea food, Needed to synthesize hormones Goitre
drinking water of the thyroid gland.

Fluorine Water, toothpaste Builds a layer above enamel. Can lead to tooth decay

Vitamins
Vitamins are very important for the body, but only in small quantities.

Vitamin Sources Use Deficiency disease
A Liver, carrot Important for eyes Night Blindness, Exophthalmia
D Fish liver oil Healthy bones and teeth Rickets
E Milk, egg yolk, lettuce Healthy reproductive system Sterility
K Cabbage, spinach, Important for the Disorders in blood

fish livers coagulation of blood clotting
B1 Pork, organ meats, lean Catalyst in carbohydrate Beriberi; Disturbances, impaired

meats, eggs, leafy green metabolism, enabling sensory perception,
vegetables, whole or pyretic acid to be metabolised weakness, periods
enriched cereals, berries, and carbohydrates to of irregular heartbeat,
nuts, and legumes release their energy and partial paralysis.

B2 Liver, milk, meat, dark green Serves as a coenzyme — one Skin lesions
vegetables, whole that promotes another enzyme to
grain and enriched be effective — in the metabolism
cereals, pasta, bread, of carbohydrates, fats, and,
and mushrooms especially, respiratory proteins

Niacin (B6) Liver, poultry, meat, Works as a Pellagra Diarrhoea, mental
canned tuna and coenzyme in the confusion, irritability, and, when
salmon release of energy the central nervous system is

from nutrients affected, depression and mental
disturbances

C Citrus fruits, fresh Important in the formation Scurvy; Bleeding gums
strawberries, and maintenance of collagen, the
cantaloupe, protein that supports many
pineapple, and body structures and
guava plays a major role in

the formation of
bones and teeth
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3. Herbivores eat vegetable matter and have special bodily
structures to help them digest cellulose. Carnivores eat
meat and are usually predators. Omnivores, such as
humans, eat both meat and vegetable matter.

4. Holophytic (autotrophic): Plants feed with this type of
feeding. They are able to make their own food by
photosynthesis.

Digestive System in Brief
l The digestive system can be divided into various stages,

but it is basically divided into five main stages:
-  Ingestion
-  Digestion
-  Absorption
-  Assimilation
-  Defecation (Egestion)

l Hydrochloric acid kills bacteria and provides optimum
pH for pepsin to work.

l After 3–4 hours of digestion, food becomes chyme. At
intervals it is passed into the small intestine. The first
part of the small intestine is called the duodenum. The
duodenum receives digestive juices from three different
places: intestinal wall, pancreas and the liver.

l From the intestinal wall, mainly five enzymes are
produced:
1. Trypsin: breaks down polypeptides into dipeptides.
2. Maltase: breaks down maltose into glucose.
3. Lipase: breaks down fats (lipids are liquid fats) into

fatty acids and glycerol.
4. Peptidases: breaks down dipeptides into amino acids.
5. Sucrase: breaks down sucrose into glucose.

Circulatory System
In animals, the circulatory system is an organ system that
moves substances to and from cells and tissues, usually via
a heart, blood vessels and blood. In brief, it is a transportation
system.

In human beings, the blood, kept in motion by the
pumping of the heart, circulates through the vessels.

Open Circulatory System
l There are no veins or capillaries.
l “Blood” actually mixes with other body cavity fluids

before being recaptured by the heart.
l A more accurate term for the “blood” of organism with

an open circulatory system is haemolymph.
l Hemolymph is a mixture of blood and other fluids from

the body cavity.

Fibre
Fibre is mainly cellulose from plant cell walls. Humans cannot
digest fibre, but it is important because it helps food  pass
from the gut, and prevents constipation.

—  Food rich in fibre are wholemeal bread, bran, cereals,
fresh fruit and vegetables.

Enzymes
Enzymes are biological catalysts. As you know, a catalyst
enhances the speed of a chemical reaction. Thus, enzymes
are catalysts which enhance the speed of the chemical
reactions taking place in the body.

Properties of Enzymes: Enzymes are proteins, therefore
they become denatured by heat, which means that when
heated above 40° C, they change shape and do not work
anymore.
l When the temperature is lower than normal, enzymes

become inactive.
l Enzymes are specific, which means that every enzyme

catalyses only one type of food substance; for example,
the enzyme amylase catalyses only starch, and does not
take part in any other chemical reaction involving another
food substance.

l Enzymes do not take part in the proper chemical reactions
(they do not react), they just enhance the speed, and
this property makes them used over and over again.

l The rate of productivity by enzymes is affected by
temperature and pH.
An example:

Economic Importance of Enzymes: Enzymes can be made
artificially and used in biological washing powders. They are
specific to particular stains.
l Protease is used for tenderising meat and removing hair

from hides.
l Amylase is used to convert starch to sugars to make

syrups and juices.
l Enzyme Inhibitors: There are some poisons such as

cyanide and arsenic that block the enzymes’ active site,
therefore the substrate cannot enter the active site and
the reaction doesn’t take place.

Feeding
Feeding can be divided into four types:
1. Saprophytic: Saprophytic organisms such as fungi and

some bacteria (called decomposers) feed on dead decaying
matter. Saprophytes are useful to the environment
because they recycle nutrients.

2. Parasitic: Parasitic organisms feed on or in another
organism harming it.
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Closed Circulatory System

Heart
l The heart is a cone-shaped muscular organ about the

size of a fist.
l It is located between the lungs directly behind the

sternum or breast bone.
l Most of the heart is made of cardiac muscle tissue called

myocardium.
l The heart has four chambers and several valves.

Vessels (arteries, capillaries, veins)
l Arteries

 Arteries are blood vessels that carry blood away
from the heart.

 They have thick walls and those attached near the
heart can expand and contract with each heart beat.

 Smaller arteries are called arterioles and their diameter
can be regulated by the nervous system.

 The arterioles’ constriction and dilation affects blood
pressure. The greater the number of arterioles dilated,
the lower the blood pressure.

 Arterioles branch into smaller vessels called
capillaries.

l Capillaries
 They are extremely narrow, actually microscopic

tubes.
 Their walls may be composed of only one layer of

cells.
 In human body, capillaries are so numerous and

interconnected that they form capillary beds.
 In the capillary beds, the vessel walls are very thin,

where substances are exchanged with the cells and
tissues of the body.

 Body cells are nourished by the blood when exchange
takes place across the thin walls of the capillaries.

l Veins
 Small veins called venules and other veins collect

blood after it passes through capillaries.
 The walls of veins are usually thinner than the walls

of arteries.
 Blood pressure is usually lower in veins and there

are valves that prevent backflow of blood.

Blood
Blood is the liquid, transport medium in the circulatory system.
It has a lot of functions and is composed of cells and a fluid
matrix.

Circulation of Blood
Power source
l In human beings, the contraction (pumping) of the heart

keeps blood moving in the arteries.
l The pumping of the heart is not enough to keep blood

moving in veins. There are skeletal muscles that contract
and press against veins to keep blood flowing back
towards the heart.

l In human beings, other mammals, birds and crocodiles,
the heart pumps the blood into two separate pathways
or circuits. These are called systemic circulation and
pulmonary circulation.

Systemic circulation
l Blood pumped from the heart directly to body tissues

and returned to the heart is called systemic circulation or
the systemic circuit.

Pulmonary circulation
l Blood pumped from the heart directly to the lungs and

returned to the heart is called pulmonary circulation or
the pulmonary circuit.

The Heart
l The heart is a four-chambered double pump responsible

for circulating oxygenated blood around the body and
deoxygenated blood to the lungs.

l Think of the heart as a double pump:
 the right side pumps to the lungs;
 the left side pumps to the rest of the body.

l An adult heart pumps about 5 litres of blood per minute.
The heart has two upper chambers called atria (singular:
atrium) and two lower chambers called ventricles. The
heart has two pumps and circulates oxygenated and de-
oxygenated blood. This is known as double circulation.
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l Aorta: The largest artery found in the body. It receives
oxygenated blood from the heart and then divides into
many arteries all around the body.

l Vena cava: The largest vein found in the body. It
transports de-oxygenated blood to the heart from the
rest of the body. De-oxygenated blood is then transported
to the lungs to be oxygenated.

l Atrium: One of the upper chambers of the heart.
l Tricuspid valve: A valve that lets blood  pass from the

right atrium to the right ventricle.
l Ventricle: One of the lower chambers of the heart.
l Bicuspid valve: The valve that lets blood pass from the

left atrium to the left ventricle.
l Pulmonary vein: The vein that carries oxygenated blood

to the left atrium.
l Semi-lunar valves: The two valves which let blood pass

from the lower ventricle to the aorta and the pulmonary
artery.

l Pulmonary artery: The artery that carries deoxygenated
blood from heart to lungs.

l Tendon: Special fibres in the heart muscle.

Cardiac Cycle (Heart beat)
l The heart beats or contracts about 70 times a minute.
l The term systole (Greek for contractions) refers to

contractions of the heart chambers.
l The term diastole refers to relaxation of the heart

chambers.
l The pulse is the wave effect that passes down the walls

or arterial blood vessels as the heartbeat pushes blood
into the aorta.
— There is one pulse per heartbeat. For this reason the

arterial pulse rate can be used to determine heart
rate.

l The rhythm of the heart beat is regulated by the nervous
system through two nodes in the heart:

— SA node located in the dorsal wall of the right atrium.
— AV node located in the base of the right atrium.

l The SA node initiates a heart beat about every 0.85
seconds and is called the cardiac pacemaker because it
keeps the heartbeat regular.

Blood Pressure
l Human blood pressure is the result of the beating heart,

forcing blood through the arteries.
l Systolic pressure results from blood being forced into

the arteries during ventricular systole (contraction).
l Diastolic pressure is the pressure in the arteries during

ventricular diastole (relaxation).
l A blood pressure reading consists of two numbers:

—  The high number represents systolic pressure (120).
—  The low number represents diastolic pressure (80).

l In a normal human being the normal BP count is 120/80.

The Difference Between Arteries and Veins
l The main difference between arteries and veins is that

arteries carry blood from the heart to all the other tissues
in the body while veins carry blood from the body to the
heart.

l Usually, veins carry deoxygenated blood and arteries
carry oxygenated blood.

l One exception is that the pulmonary artery carries
deoxygenated blood from the heart to the lungs and the
pulmonary vein carries oxygenated blood from the lungs
to the heart.

l Veins have valves so that blood goes in the right
direction; arteries don’t have valves because blood flows
with a lot of pressure inside the arteries and backflow of
blood is impossible.

l Arteries have an elastic wall, but veins don’t have an
elastic wall.

Erythrocytes
l Erythrocytes contain haemoglobin.  When it is

oxygenated, haemoglobin becomes oxyhaemoglobin.
Carbon dioxide travels in the plasma as (hydrogen
carbonate ions) HCO3

- ions. This also helps erythrocytes
carry O2.

l Carbon monoxide (CO) combines with the haemoglobin
300 times faster than O2, thus it is very harmful. This gas
is produced by cigarettes and burning of fuels such as
in cars.

Leucocytes
l Leucocytes are lager than erythrocytes. They are

colourless, and are made in the red bone marrow and
the lymph glands. There are various types of leucocytes:
Phagocytes and Lymphocytes are two of these types.

l Phagocytes engulf the germs, which leaves remains of
dead germs and leucocytes called pus.



26 l Biology

K
KUNDAN

l Lymphocytes produce antibodies, detect the germ’s
antigen and it can either make the germ burst, or clump
together, or make them harmless.

l Platelets are fragments of cells also found in the blood.

Plasma

l Plasma is a sticky fluid containing water, salts, food
substances, urea, hormones, platelets, prothrombin,
blood proteins, fibrinogen (for blood clotting), globulin
(helps to destroy germs), albumin (makes blood thick
and viscous).

Blood Clotting
Blood platelets help in blood clotting. At the place of injury,
when the blood vessels are damaged, the blood flows out
and in abut 2-3 minutes, it coagulates to form a ‘blood clot’.
The blood clotting not only prevents excessive bleeding but
also checks the entry of germs.

The clotting of blood is a very complex phenomenon,
involving not less than 12 different factors. The sequence of
some of the important steps is as given:
l When the blood flows out through the wound, the injured

cells and blood platelets release an enzyme called
thromboplastin.

l Thromboplastin acts with prothrombin present in plasma,
and converts it into active thrombin.

l Thrombin acts on the soluble plasma protein fibrinogen
and converts it into insoluble fibrin.

l The insoluble fibrin forms a network of fibres in which
RBC and WBC get trapped to form a semisolid mass
called the blood clot. The clot dries and gets hardened,
forming scales, under which the wound heals.

l 1. Injured cells + blood platelets    Thromboplastin
2. Thromboplastin + Prothrombin  Thrombin
3. Thrombin + Fibrinogen   Fibrin
4. RBC + WBC + Fibrin  Blood clot

l Haemophilia is a genetic disease where blood fails to
clot.

Blood types
l Blood differs chemically from person to person.

Transfusions of different types of blood can lead to
harmful and even fatal reactions. Based on the presence

of certain antigens in red blood cells and antibodies in
plasma, there are four basic blood types. These are O, A,
B and AB.

l Antibodies are proteins produced as a result of the
presence of an antigen. Each antibody combines with a
specific antigen.

l Another antigen that is found in about 85% of human
population is the Rh factor. Individuals with this antigen
are Rh + while the remaining 15% without it are Rh–.

Rh Grouping
l Rh antigen is a protein discovered in Rhesus monkeys.

It is also present on RBCs surface of man.
l If an Rh+ blood is transfused into an Rh– person, anti-

Rh antibodies are formed in the blood of the recipient.
l If Rh– mother bears an Rh+ foetus, at the time of

parturition foetal blood comes in contact of mother, who
develops anti-Rh antibodies.

l If a second Rh +ve foetus is borne by the mother, the
antibodies in mother’ blood enter the foetal circulation
and destroy the RBCs, resulting in jaundice and severe
anemia. Such a condition is called erythroblastosis
foetalis.

Blood group

Blood
Group

Antigen on
RBCs

Antibody in
Plasma

Can accept
blood from

A A Anti-B A, O

B B Anti-A B, O

AB
A, B

(Universal
receipient)

NIL A, B, AB, O

O
NIL

(Universal
donour)

Anti-A, Anti-B O

Examples of disease of the circulatory system
l Hypertension or high blood pressure
l Arteriosclerosis: An accumulation of soft masses of

fatty materials, particularly cholesterol, beneath the inner
linings of the arteries.

l Heart attack: Usually occurs when a coronary artery
(an artery to the heart) is completely blocked and a portion
of the heart dies due to lack of oxygen.

Homeostasis
There are mainly four organs that help the body keep a
constant body environment — the lungs, the liver, the skin
and the kidneys.
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Lungs
The lungs are responsible for exchange of gases in the body.
They exchange carbon dioxide with oxygen from the air. Also,
lungs must provide oxygen with a temperature of around 37
degrees Celsius so that chemical reaction involving oxygen
can take place.

Liver
The liver is a major organ in the human body that makes a
large amount of chemical reactions that produce heat.
(Chemical reactions that produce heat are called exothermic.)

Therefore, the liver produces all the necessary heat for
the body to keep its internal temperature around 37°C.

Skin
The skin is responsible for transferring excess heat from
inside the body to the outside environment. For that reason
it is one of the organs that does homeostasis. It also protects
the body from germs.

Kidneys
The kidneys are responsible for osmoregulation, i.e. to
control the amount of water in the body by filtering blood
from salts, water and waste products (urea). The kidneys are
also part of homeostatis, because blood transports heat and
helps keep the body at a constant temperature.

The Human Eye
The human eye is wrapped in three layers of tissue:
1. Sclerotic coat: This tough layer creates the “white” of

the eye, except in the front, where it forms the transparent
cornea. The cornea admits light to the interior of the eye
and bends the light rays to that they can be brought to a
focus.
— The surface of the cornea is kept moist and dust-free

by secretions from the tear glands.

2. Choroid coat: This middle layer is deeply pigmented with
melanin. It reduces reflection of stray light within the
eye. The choroid coat forms the iris in the front of the
eye. This, too, is pigmented and is responsible for eye

“colour”. The size of its opening, the pupil, is variable
and under the control of the autonomic nervous system.

3. Retina: It is the inner layer of the eye. It contains the
light receptors, the rods and cones (and thus serves as
the “film” of the eye). The retina also has many
interneurons that process the signals arising in the rods
and cones before passing them back to the brain.

l The rods and cones are not at the surface of the retina
but lie underneath the layer of interneurons.

l Blind spot: All the nerve impulses generated in the retina
travel back to the brain by way of the axons in the optic
nerve. At the point on the retina where the approximately
1 million axons converge on the optic nerve, there are no
rods or cones. This spot, called the blind spot, is thus
insensitive to light.

l Lens: The lens is located just behind the iris. It is held in
position by zonules extending from an encircling ring of
muscle. When this ciliary muscle is relaxed, its diameter
increases, the zonules are put under tension, and the
lens is flattened. When it is contracted, its diameter is
reduced, the zonules relax, and the lens becomes more
spherical. These changes enable the eye to adjust its
focus between far objects and near objects.

l The iris and lens divide the eye into two main chambers:
— The front chamber is filled with a watery liquid, the
aqueous humor.
— The rear chamber is filled with a jelly-like material, the
vitreous body.

l Four kinds of light-sensitive receptors are found in the
retina. Each type of receptor has its own special pigment
for absorbing light.

l The retina is not simply a sheet of photocells, but a tiny
brain centre that carries out complex information
processing before sending signals back along the optic
nerve.

l The retina really is part of the brain and grows out from
it during embryonic development.

Rod Vision
Rhodopsin is the light-absorbing pigment of the rods. This
G-protein-coupled receptor (GPCR) is incorporated in the
membranes of disks that are neatly stacked (some 1000 or
more of them) in the outer portion of the rod.
l Rod vision is acute but coarse: Rods are extremely

sensitive to light. Rods provide us with a relatively grainy,
colourless image; they permit us to detect light that is
over a billion times dimmer than what we see on a bright
sunny day.

Cone Vision
Although cones operate only in relatively bright light, they
provide us with our sharpest images and enable us to see
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colours. Most of the 3 million cones in each retina are confined
to a small region just opposite the lens called the fovea. So our
sharpest and colourful images are limited to a small area of view.

Colour Blindness
The term colour blindness is something of a misnomer. Most
“colour-blind” people actually have abnormal colour vision
such as confusing the red and green of traffic lights. As high
as 8% of the males in some populations have an inherited
defect in their ability to discriminate between reds and greens.
These defects are found almost exclusively in males because
the genes that encode the red-absorbing and green-
absorbing opsins are on the X-chromosome.

Eye Conditions and Disorders
l Farsightedness: If the eyeball is too short or the lens

too flat or inflexible, the light rays entering the eye —
particularly those from nearby objects — will not be
brought to a focus by the time they strike the retina.
Eyeglasses with convex lenses can correct the problem.
Farsightedness is called hypermetropia.

l Nearsightedness: If the eyeball is too long or the lens
too spherical, the image of distant objects is brought to
a focus in front of the retina and is out of focus again
before the light strikes the retina. Nearby objects can be
seen more easily. Eyeglasses with concave lenses correct
this problem by diverging the light rays before they enter
the eye. Nearsightedness is called myopia.

l Cataracts: One or both lenses often become cloudy as
one ages. When a cataract seriously interferes with
seeing, the cloudy lens is easily removed and a plastic
one substituted. The entire process can be done in a few
minutes as an outpatient under local anesthesia.

l Presbyopia (aging eyes): As people age, they often begin
to have difficulty focusing their eyes for reading or close
work. It is usually corrected with reading glasses. Some
people may need bifocal of trifocal lenses.

l Astigmatism (distorted vision): People with astigmatism
have irregularly shaped corneas. It is usually corrected
with eyeglasses or contact lenses.

l Age-Related Macular Degeneration (AMD): This is a
degenerative disease of the macula — the part of the
retina responsible for central vision.

l Glaucoma: This disease increases the fluid pressure
inside the eye, leading to loss of side vision and
eventually total blindness. The increased pressure
destroys the optic nerve.

l Retinitis Pigmentosa (RP): This rare inherited
degenerative disease slowly destroys the retina. Signs
of RP first show up in early childhood. The side vision is
lost first.

l Optic Nerve Hypoplasia: With this birth defect, the optic
nerve that connects the eye to the brain does not develop
properly. This happens before birth, leaving the child
with mild to severe vision loss. In most cases, there is no
known cause.

Human Diseases
l Acquired diseases: The acquired diseases develop after

birth and can be broadly classified into two types:
(i) Communicable or infectious diseases
(ii) Non-communicable or non-infectious diseases.

l The agents that cause the diseases can be put in the
following five categories:
(i) Biological agents or pathogens like viruses, bacteria,

fungi, protozoas etc.
(ii) Nutrient agents like minerals, carbohydrates,

proteins, fats and vitamins.
(iii) Chemical agents like urea or uric acid formed in the

body; or pollutants, spores and pollens present in
the atmosphere.

(iv) Physical agents like heat, cold, humidity, pressure,
radiation etc.

(v) Mechanical agents like friction or other mechanical
forces.

In a broader sense, it includes Injuries, Disabilities, Disorders,
Syndromes, Infections, Isolated Symptoms, Deviant
Behaviours, and Atypical Variations of Structure and
Function, while in other contexts and for other purposes these
may be considered distinguishable categories.

Being healthy means being free of disease, both
physically and mentally. It refers to the state of body and
mind which is in harmony with the surrounding or
environment.

Types of diseases
The diseases can be categorised into two basic types:
l Congenital diseases: These diseases are present at the

time of birth. They could be due to genetic abnormality
or due to malfunctioning of any organ or system. They
are permanent, generally not curable and may be inherited
by the children.
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Diseases Caused by Viruses
Disease Causing Agent Infection/Transmission Symptoms
AIDS Human T-cell Leukemia blood and sperms, through sexual Loss of body weight,

Virus HTLV-III contact (homo- or heterosexual) pneumonia, brain tumour,
swelling of lymph glands,
mouth ulcers etc.

Chickenpox Varicella Virus contact Dark red-coloured rash or pox
changing into vesicles which
 then form crusts and fall

Smallpox Variola Virus contact Apperance of rash changing
into pustules, scabs, and
falling pockmarks are left

Common Cold Rhino Virus contact Headache, watery eyes,
sneezing, excessive nasal
secretions and cough

Dengue Dengue Virus (arbovirus) Aedes Mosquito Fatal form with nausea,
headache, vomiting,
abdominal pain

Herpes Herpes Virus contact —
Influenza (Flu) Orthomixovirus contact Droplet infection or droplet

nuclei created by sneezing,
coughing or talking

Measles Measles virus (Paramyxovirus)contact
Mumps Mumps Virus (Paramyxovirus) contact, virus in saliva spreads The movement of the jaw

becomes very difficult
Poliomyelitis Polio Virus or Enterovirus houseflies, food and water —
Rabies Rhabdovirus/neutrotrophic mad dog bites Fear of water (hence called

hydrophobia), high fever,
severe headache, spasm of
throat and chest leading to
death

Viral Encephalitis arbovirus Mosquito Bite Paralytic type of
indication, appearance of
difficulty in the bending.

Rubella rubella virus A red rash
(German measles)
Yellow Fever arbovirus Transmitted by the infected Headache, fever, vomiting,

Aedet aegypti rupture of veins in kidneys,
spleen, liver, etc.

Hepatitis A (Epidemic Jaundice)Hepatitis A virus (HAV)Transmitted from person to person by faecal-oral route l o s s
of appetite, nausea, whitish
stool

Hepatitis B Hepatitis B virus (HBV) transmitted by transfusion It may be chronic and fatal
(Serum Hepatitis) of contaminated blood and

blood products



30 l Biology

K
KUNDAN

Diseases Caused by Bacteria
Disease Causing Agent Infection / Transmission Symptoms
Cholera Vibrio cholerae flies, food , faeces, carriers Vomiting, stomach ache,

frequent loose stools followed
by fever and unconsciousness

Diphtheria Corynebacterium diptheriae contact Inflammation of throat, pain and
( Bacteria) swelling of throat, with fever

Filariasis Wuchereria bancrofti mosquito, infection in lymph ——
nodes and lymphatic vessels

Kala azar Leishmania donovani infected sand fly ——
Leprosy Mycobacterium leprae long and close contact A chronic infection of the skin

and other tissues including
nerves

Plague Yersinia pestis rat flea Acute body ache, reddish
eyes, sudden rise in
temperatue, inflammation of
neck glands and glands in
armpits and thighs

Pneumonia Diplococcus pneumoniae contact Chills, pain in chest, rusty
sputum, rapid breathing,
abdominal pain

Septic Sore Throat Streptococcus Bacteria contact
Syphilis Treponema palladium direct contact (mainly sex) A hard painless sore on the

genitalia, skin eruption
TB Mycobacterium tuberculosis coughing General weakness, regular

fever, coughing, bloodstained
sputum

Tetanus Clostidium tetani bacteria in soil through wounds Painful contraction of muscles,
usually of neck and jaws,
followed by paralysis of
thoracic muscles

Typhoid Salmonella typhi flies, food etc. Temperature, slow pulse,
abdominal tenderness, rose-
coloured rash

Whooping cough Hameophilius pertussis coughing and sneezing Severe cough, usually at night
Gonorrhoea Neisseria gonorrhoeae sexual intercourse Redness, swelling, pus dis-

charge through urethra,
painful urination

Helminthic Diseases
Disease Causing Agent Infection/Transmission Symptoms
Ascariasis Ascaris lumbricoides cockroach and flies Weakness, anaemia, diarrhoea,

vomiting, etc.
Filariasis Wucheraria bancrofti female Culex Fever, proliferation of

mosquito endothelial cells and
deposition of metabolites in the
walls of lymph vessels,
resulting in swelling of affected
parts

Taeniasis Taenia solium pig Abdominal pain, indigestion,
(or pork tapeworm) vomiting, constipation,

anorexia (loss of appetite),
nervous disorder
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Protozoan Diseases
Disease Causing Agent Infection/Transmission Symptoms
Malaria Protozoan, Plasmodium certain species of Anopheles After incubation period,

mosquito (only female Anopheles) temperature of body rises with
a feeling of chill, signs of
headache and nausea

Leishmaniasis Leishmania donovani spread by sandfly (Phlebotomus) Enlarged spleen and liver with
high fever

Giardiasis Giardia intestinalis (first It inhabits upper part of small Characterized by mild diarr-
parasitic protozoan known) intestine (duodenum and jejunum) hoea involving passage of

pale, bulky, foul-smelling and
greasy stool

Trypanosomiasis different species of Tse tse Gambian fever or West African
Trypanosoma sleeping sickness

Amoebiasis (Amoebic Entamoeba histolytica -------------- Abdominal pain, alternating
dysentery or Enteritis) diarrhoea and constipation,

stool with blood, mucous and
mucous membrane pieces

l Ringworm (caused by trichophyton fungi): This disease
transmits directly through air-borne spores and through
contact with infected person. The common symptoms
are occurrence of circular swelling in the skin, irritation
in the scalp and the soft skin of the groin.

l Athlete's foot (caused by trichophyton fungi): This
disease transmits through the infected floors and mats
on which people walk barefoot. The fungus attacks the
soft skin of the feet, especially between the toes.

l Dhobie itch: This is transmitted through direct contact
with the objects handled by the infected person. The
most common symptoms of it are appearance of itchy
red rash, usually in the groin and inner surfaces of thighs,
similar to ringworm.

Fungal Diseases
Humans have a high level of innate immunity to fungi and
most of the infections they cause are mild and self-limiting.
This resistance is due to:

-  The fatty acid content of the skin,
-  The pH of the skin, mucosal surfaces and body
 fluids,
-  Epithelial cell turnover,
-  Normal  flora,
-  Transferrin,
-  Cilia of the respiratory tract.

l  When fungi do pass the resistance barriers of the human
body and establish infections, the infections are classified
according to the tissue levels initially colonized.

Disorders/Diseases Caused by Deficiency or
Over-secretion of Various Hormones

                          Hormone                                       Symptom
Thyroid-stimulating hormone (TSH) a tropic hormone located in the anterior pituitary gland that stimulates

secretion of thyroid hormones
 Adrenocorticotropic hormone (ACTH) a tropic hormone located in the anterior pituitary gland that stimulates

secretion of adrenal cortex hormones
 Follicle-stimulating hormone (FSH) a tropic hormone located in the anterior pituitary gland; in females, it

stimulates the development of ovarian follicles and the secretion of
estrogen; in men, it stimulates seminiferous tubules of testes to grow and
produce sperm

 Luteinizing hormone (LH) a tropic hormone located in the anterior pituitary gland; in females, it
stimulates maturation of ovarian follicle and ovum, stimulates the secretion
of estrogen, triggers ovulation, and stimulates the development of the
corpus luteum; in males, it stimulates the interstitial cells of the testes to
secrete testosterone
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 Growth hormone (GH) hormone located in the anterior pituitary gland that stimulates growth in
all organs; mobilizes food molecules, causing an increase in blood glucose
concentration

 Prolactin (lactogenic hormone) hormone located in the anterior pituitary gland that stimulates breast
development during pregnancy and milk secretion (milk let-down) after
pregnancy

 Antidiuretic hormone (ADH) hormone located in the posterior pituitary gland stimulates retention of
water by kidneys

 Oxytocin hormone located in the posterior pituitary gland that stimulates uterine
contraction at the end of pregnancy; stimulates the release of milk into
breast ducts

 Releasing hormones hormones located in the hypothalamus that stimulate the anterior pituitary
to release hormones

 Inhibiting hormones hormones located in the hypothalamus that inhibit the anterior pituitary's
secretion of hormones

 Thyroxine (T4) and triiodothyronine (T3) hormones located in the thyroid gland that stimulate the energy metabolism
of all cells

Calcitonin hormone located in the thyroid gland that inhibits the breakdown of bone
and causes a decrease in blood calcium concentration

 Parathyroid hormone (PTH) hormone located in the parathyroid gland that stimulates the breakdown
of bone and causes an increase in blood calcium concentration

drugs cure diseases rather than prevent them. And if a drug
cures a disease well on time, it reduces the spread of that disease.
l Generally there are fewer effective drugs against viruses

than bacteria. It is because viral physiology is so closely
related to host's physiology that any chemical that harms
the virus, also harms the host cells.

l Protection from diseases is done by vaccination and
serum inoculation.

l Analgesics: Analgesic is a common name given to drugs
that relieve the symptoms of a disease. They are often in
the form of pain relievers like aspirin, ibuprofen,
paracetamol etc. They do not cure a disease.

l Antibiotics: Antibiotics are drugs or chemicals which
are  produced by microorganisms (like bacteria and fungi)
that inhibit the growth of microorganims.

l Penicillin was the first antibiotic discovered in 1929 by
Alexander Fleming.

l The discovery of antibiotics is a major achievement in
conquering infectious diseases.

l Vaccination: Vaccines are preparations which may
convert a dead or weakened microbe or toxins extracted
from bacteria that are made harmless.
— They stimulate the body to produce its own

antibodies, without suffering from the disease.
— They allow the body to build immunity against

specific disease. Vaccination provides active
immunity.

l Serum: To provide immediate passive immunity, the
preparation called serum, containing prepared antibodies
from some other sources, is injected into the person.

Immunology
A study of the immune system is called immunology.
Immunity
l Immunity is the capacity of the body to defend against

the disease. Immunity can also be defined as the ability
of the body to resist the disease.

Terms used in describing specific immunity
l Antigen: These are large and complex foreign molecules

(mainly proteins) that activate specific immunity in the
body.
— The immune system of our body can recognise a

large number of antigens that may enter the body.
— An antigen could be any germ like virus or bacteria

or any foreign molecule that triggers immune
reaction in the body.

l Antibodies: They refer to specific glycoproteins released
by the plasma cells on stimulation by B cells.
— A specific antibody binds to a specific antigen only.

l Antigen-antibody reaction: When a foreign antigen
enters the body, it triggers an immune reaction, as a result
of which antibodies are released and bind with the
specific antigen, causing antigen-antibody reaction.
There is always a specific antibody or a specific antigen
that binds with it.

Drugs
Cure and protection from diseases
Drugs play a very important part in keeping us healthy. Most
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l The serum containing antibodies is called antiserum.
l The serum that is used against snake-bite is called

antivenin.
l Herbal medicines are considered drugs because some

plants contain chemicals; they should be used carefully.
l The nicotine found in tobacco is considered a drug.
l Sulphonamide drugs: There is a group of medicines that

prevent the growth and multiplication of bacteria. They
interfere in the metabolism of bacteria and hence arrest
their growth. They are commonly called as sulpha drugs.
Sulphadiazine and Sulphanilamide are two common
sulpha drugs.

Narcotic drugs
The drugs which affect the brain and central nervous system
and bring behavioural and physiological changes are called
narcotic drugs. They are consumed orally or by smoking and
inhaling or through intravenous injections. Narcotic drugs
are of four types:
1. Stimulants: These are drugs which stimulate the nervous

system and cause physical and mental hyperactivity.
2. Depressants: These are also called tranquilisers. These

are drugs that cause depression of nervous system and
a feeling of calmness, drowsiness and sleep. They are
commonly known as ‘sleeping pills’. Ex: barbiturates
like Nembutal, Secanol and Diazepam.

3. Analgesics: These are pain relievers or analgesics which
suppress the cerebral cortical functions. Ex: opium
(brown sugar), heroin, codeine, morphine pethedine
(synthetic opiate), etc.

4. Hallucinogens: These are commonly known as ‘mind
explanding drugs’ as they induce behavioural
abnormalities resembling psychosis.

Instruments used in general medicine

Instrument Uses
Stethoscope used to hear sounds from movements

within the body like heart beats,
breath sounds, etc.

Sphygmomanometer to record the patient's BP
Kidney dish as a tray for instruments, gauze,

tissue, etc.

Thermometer to record the body temperature
Cardioverter/ to correct arrhythmias of the
     Defibrillator heart or to start up a heart that is not

beating
Ophthalmoscope to look at the retina

Important Facts of Zoology
Largest egg Struthio (Ostrich)
Longest cell Neuron
Largest animal Blue Whale
Largest terrestrial Loxodonta (African
              animal              elephant)
Largest bird Struthio (Ostrich)
Largest snake Python
Largest living lizard Varanus (Monitor lizard)
Largest living reptile Crocodylus (Marine

                     crocodile)
Largest teeth Tusk of elephant
Largest human muscle Gluteus maximus
Deadly poisonous snake Hydrophis (Sea snake)
Smallest animal Babesia (Parasitic protozoa)
Smallest bird Humming bird of Cuba
Smallest mammal Shrew
Connecting link between Archaeopteryx
          reptiles and birds
Primitive mammal Echnida (Egg-laying)
Poisonous lizard Heloderma (Gila monster)
Living fossil reptile Sphenodon
Flying lizard Draco
Desert lizard or
        Horned toad Phrynosoma
Flying fish Exocoetus
Largest gland in body Liver
Largest endocrine Thyroid
Blood gland Found in Pheretima
Ink gland Sepia
Lachrymal (tear) gland Eye of mammals
Meibomian gland Eye of mammal
Sebaceous gland Skin of mammal
Sweat gland Mammals only
Louise Joy Brown World’s first test tube baby
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erosion and are influential in the water cycle.
Greco-Roman world: Among the earliest of botanical

works in Europe, written around 300 B.C., are two large
treatises by Theophrastus: On the History of Plants (Historia
Plantarum) and On the Causes of Plants. Together these
books constitute the most important contribution to botanical
science during antiquity and in the Middle Ages. Aristotle
also wrote about plants.
l Modern botany traces its roots back more than

twentythree centuries, to the Father of Botany,
Theophrastus (c. 371–287 BC), a student of Aristotle. He
invented and described many of the principles of modern
botany.

l In 1754 Carl von Linné (Carl Linnaeus) divided the plant
kingdom into 25 classes. One, the Cryptogamia, included
all the plants with concealed reproductive parts (algae,
fungi, mosses and liverworts and ferns).

Introduction
Botany is a branch of biology. It is the scientific study of
plant life and development. As with other life forms in biology,
plant life can be studied from different perspectives, from the
molecular, genetic and biochemical level through organelles,
cells, tissues, organs, individuals, plant populations, and
communities of plants. At each of these levels, a botanist
might be concerned with the classification (taxonomy),
structure (anatomy and morphology), or  function
(physiology) of plant life.

The study of plants is vital because they are a
fundamental part of life on Earth which generates the oxygen,
food, fibres, fuel and medicine that allow humans and other
higher life forms to exist. Through photosynthesis, plants
absorb carbon dioxide, a greenhouse gas that in large amounts
can affect global climate. Additionally, they prevent soil

Botany

Classification of Plant Kingdom
Plant Kingdom

     Cryptogamia         Phanerogamia
                   (Plants without seeds)   (Seed-bearing plants)

                                                                             

    Thalophyta        Bryophyta        Tracheophyta              Gymnosperms                 Angiosperms

                          

       Algae           Fungi Monocotyledons                            Dicotyledons

chlorophyllous, non-vascular, autotrophic thalloid-like
microorganism and the study of it is called phycology.

l Algae are normally classified into three categories— Red
algae, Brown algae, Green algae.

Chief characteristics of algae
l The cell wall of the cells of algae are made of cellulose.
l Usually sex organs of the algae are unicellular.
l Algae store their food in the form of starch.

Useful algae
l In the form of food stuffs: Ulva and Porphyra algae are

used as salad and food stuffs respectively by the
Japanese.

On the basis of modern concept and classification, almost
multicellular, photosynthatic, reproductive and autotrophic
organisms of the biosphere have been kept under this
kingdom. Nearly 3,50,000 organisms have been kept under
the plant kingdom.

Further this kingdom is divided into three categories –
Thallophyta, Bryophyta and Tracheophyta.

Thallophyta
Under it, various types of microorganisms like algae, fungi
and bacteria have been kept.
l Algae: Algae are chiefly water plants dwelling in oceans,

seas, lakes, ponds, rivers etc. Usually algae are
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l In trade and business: Algae like Nostoc and Avavina
are used in nitrogen fixation and through it the fertility of
the soil is increased. Blue-Green algae is used in making
the desert soil fertile.

l In biological research: Algae like chlorella, acetabularia
and volonia were used in the discovery of
photosynthesis, nuclueus of the cell, protoplasm of the
cell etc.

l In the form of medicines: The antibiotic ‘chlorelline’ is
manufactured by the algae chlorella.

Bryophyta
The plants of byrophyta are found on land and in water both,
thus these are amphibians. In the plants of byrophyta,
chloroplasts are present, thus these plants are autotrophic.
l The lack of vascular tissue and the formation of

protonema are the chief characteristics of bryophyta.
Economic utilities:Bryophytaic plants have good absorption
capacity of water and thus these plants can be used as flood
preventive measure.
l The longest bryophyta is dysonia, which is nearly 47-70

cm long, while the smallest bryophyta is zoopsis.

Tracheophyta
Under this sub-kingdom those plants are kept which have
well developed vascular tissues and these tissues are divided
into xylem and phloem.
l Tracheophyta is further divided into three sub-groups:

Pteridophyta
In these plants there are the lack of seeds and flowers.

Gymnosperm
l The plants whose seeds are completely uncoated and in

which there is a complete lack of ovary are called
gymnosperm. These plants are perennial and xerophytic.
These plants have clear-cut annula rings.

l The wood in cycas is manoxylic while pinus is
pycynoxylic.

l These plants have wind pollination and usually these
have polyembryony characteristics.

Angiosperm
l The most important sub-group of plants which are

flowering plants and whose seeds are coated and
developed in an organ is called angiosperm. Our major
food, fibre, spice and beverage crops are flowering plants
(angiosperms).

l Angiosperms are saprophytic, symbiotic and parasitic.
Some of these plants are autotrophic because they form
their own food in the presence of sunlight with
chloroplast.

l Normally these plants appear on land but a few are
aquatic.

Classification
Angiosperm is classified into two categories:
l Monocotyledonae (Monocot): There are many

monocots like grasses,  bamboo, sugarcane, cereals,
bananas, lilies and orchids.

l Dicotyledonae (Dicot): As monocotyledons have only
one  seed leaf in the embryo, dicotyledons have two
seed leaves.

Plant tissue
The branch of Biology in which tissues are studied is called
Histology and this branch was established by an Italian
scientist Marcello Malpighee. But the branch Histology was
first coined by Mayer in 1891.

Tissue: The group of cells whose origination, formation
and workings are common is called tissue.

Plant growth is a progressive and irreversible increase in size
and volume through natural development.

Meristematic tissue
Such types of tissues are found in those
plant cells which have the synergetic capacity of cell  division.
The main functionof meristematic tissue is to participate in
regular and rapid cell devision and to form new regular cells.

Types of Meristematic tissue
(i) Apical Meristem
(ii) Lateral Meristem
(iii) Intercalary Meristem

Permanent tissue
Such tissues are those whose cells are matured and have lost
the ability of cell divison and which are already accommodated
and adapted for specific work.
l Simple tissue: Such permanent tissues as are made from

identical cells are called simple tissues and are of three
types:
(a) Parenchyma
(b) Collenchyma
(c) Sclerenchyma
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l Complex tissue: The permanent tissue which is made
from various types of cells is called complex tissue. It is
of two types:
(a) Xylem: The main functions of the xylem is to

transport water and mineral salts and to provide
rigidity to the various plant organs. Xylem tissues
frequently exist in the vascular pores of the roots,
stems and leaves of the plants.

(b) Phloem: Vascular tissues through which food
prepared by the leaves are transported to the various
organs of the plants are called phloem.

Plant Hormones
The plant hormones are the natural organic substances whose
presence in very small amount only influence the inner
activities of the plants sharply and substantially. There are
various types of plant hormones:

Auxins
Auxin is basically a weak organic acid which actively
participates  in cell division and the cell elongates
consequently.Thus plant growth occurs.

Main functions
l It helps in stem growth and is thus called growth

regulator. It acts like controller or regulator of roots and
column growth.

l With the help of auxin hormones, seedless fruits are
produced.

l The hormone is also utilised in controlling the  abscission
of leaves and fruits.

l If some auxin hormones be applied on the flower of the
plants, then without fertilization and without seed
formation the ovary wll become tuberous and forms the
fruit. This is called the artificial parthenocarpy technique.
This technique is used today in the production of
seedless fruits like tomatoes, apples and grapes.

Gibberellins
The main hormone of this group is Gibberellic Acid.

Main functions
l This hormone is used in increasing the height of the

plants.
l Gibberellins motivate the activities of cambium in wood

plants.
l Seedless fruits can be produced through the specific

use of this hormone.

Cytokinin
This plant hormone was first isolated from herring sperm by
Miller in 1955.

Main functions
l This hormone is used as the opponent of the auxin

hormone and used in reducing the effect of topmost
buds, etc.

l The mutational activities in the plants can be stopped
by this hormone.

Ethylene
Ethylene is the only natural gaseous hormone which is a
growth controller or regulator and this hornone is synthesised
in most organs of the plants.

Main functions
l Ethylene is used as a fruit-ripening hormone.
l With the help of this hormone, the number of the female

flowers can be increased.
l This hormone provokes the abscissional activites of

leaves, flowers and fruits.

Abscisic Acid
In 1963, abscisic acid was first identified and characterized
by Frederick Addicott and his associates.They were studying
compounds responsible for the abscission of fruits (cotton).
Two other groups at about the same time discovered the
same compound. One group headed by Philip Wareing was
studying bud dormancy in woody plants. The other group
led by Van Steveninck was studying abscission of flowers
and fruits from lupine. Plant physiologists agreed to call the
compound abscisic acid.

Main functions
l Abscisic acid activates the vascular cambium during

mitosis and its presence slows down stem growth. This
hormone can be used in preventing the sprouting
activities in seeds and buds.

Calins
This hormone is secreted from plant organs and it is utilised
in controlling or regulating the growth of other organs.

Ex.: Rhizocaline, Phyllocaline.

Florigens
These hormones are formed in leaves and utilised in flower
blossoming. Thus florigens are called flower-blossoming
hormones.

Traumatin
This hormone is basically a type of dicarboxylic acid and its
formation occurs in damaged cells.
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How Water and
Nutrients are Transported
l Transpiration is the water loss that occurs through the

open stomata. This loss helps draw water up through
the xylem from the root. Factors that affect transpiration
are temperature, light intensity and duration, wind speed
and relative humidity.

l Capillary Action: Water moves from the root up to the
leaf because of capillary action. This is an adhesive
attraction between water particles and the vessels inside
the plant.

l Diffusion: Almost all chemicals inside a plant move from
areas where they are in excess to areas where there are
insufficient amounts of chemicals to maintain a balance.
For example, water moves from the root up to the leaf,
but sugars produced in the leaf by photosynthesis move
downwards to the root.

Viruses
Viruses are very small, ranging from 20 to 400nm in size (1nm
=  10-7cm). All viruses are obligate parasites, which means
that they must live within the cells of living organisms. When
viruses get into cells, they replicate and cause a disease.
Examples of viruses in humans include myxoma virus,
poliomyelitis, influenza, rabies and HIV virus.

Bacteria
They vary in shape from rod-shaped (bacillus) to spherical-
shaped (coccus) to spiral (spirochete). Most bacteria can
produce  their own sugars and are able to respire
anaerobically. Bacteria can transport themselves by air, food,
water and through blood-sucking organisms.

Bacteria are useful in many ways:
i. Bacterial cultures in yoghurt and cheese manufacture.
ii. Important in soil chemistry — they fix atmospheric

nitrogen.
iii. They Give humans certain vitamins.
 Pasteurisation is a process where disease-causing

bacteria are killed.
 Milk is pasteurised by heating it to 72° C for 15 seconds

and then it is cooled rapidly. It may also be sterilised by
blowing super-heated steam through it for a few seconds.

Fungi
Fungi range in size from microscopic to large mushroom-like
bracket fungi and puffballs. They can be unicellular (yeasts)
or multi-cellular (mushrooms). Examples of fungi include:
Moulds (Mucor), Blights (Phytophtora), Mildews, Yeasts
(Saccharomyces), Blue moulds (Penicillium), Rusts (like
wheat rusts)(Puccinia), Field mushrooms (Agaricus).

Parts of Plants
Each part of a plant has a very important function.  All plants
produce flowers for the same reason: to make seeds so that
another plant can grow.

Leaves
These are the parts of the plant where food is made by the
process of photosynthesis. Leaves take in carbon dioxide
from the air, water  from the soil, and energy from the sunlight.
During photosynthesis, leaves use light energy to change
carbon dioxide and water into food (sugar).

Flowers
These are the reproductive parts of a plant. Flower petals and
smell attract insects and bees to pollinate the flower.  After
pollination, the petals fall off and seeds develop in ovary.
The ovary itself usually becomes what we call the fruit.

Stems
These support the upper parts of plants. Water and dissolved
nutrients from the soil travel up the stem in a system of tubes.
Food from the leaves travel down the stem to the roots.  Stems
also store food for the plant.

Types of stem
(i) Underground stem: These stems store food in diverse

conditions and that's why become fatty or thickened.
Examples: banana, potato and colocasia.

(ii) Subaerial stem: If some part of stem is inside the soil
and the rest in air, such a stem is called subaerial stem.
Examples: Grass root, water plant, and paciflor.

(iii) Aerial stem: The stem which is completely confined
and localised in air and entirely outside the soil is called
aerial stem. Examples: grapes, lemon and rose.

Modifications of stem
Usually there exist three types of modification in the stem:
l Underground modifications:

(i) Stem tuber – Potato
(ii) Bulb – Onion, garlic, tulips, lilies
(iii) Corm – Gladiolus, crocus, saffron
(iv) Rhizome – Ginger, turmeric, arrow root

l Subaerial modifications:
(i) Runner – Grass root, mereilia
(ii) Stolon – Jasmine, strawberry
(iii) Offset – Water plant, pestia
(iv) Sucker – Mint, chrysanthemum

l Aerial modifications:
(i) Stem tendril – Grapes
(ii) Stem thorn – Lemon, roses, jujube plum
(iii) Phylloclade – Cactus
(iv) Bulbils – Ruscus
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Roots
These anchor plants in the soil. Water and minerals are taken
from the soil through roots. Many plants such as carrots
store food in their roots.

Modifications of roots
Roots Examples
Fibrous root Onion
Leafy root Bryophyllum
Climbing root Betel leaf
Sucking root Cuscuta
Respiratory root Juicia
Assimilatory root Tinspora
Parasitic root Cuscuta
Moniliform root Grapes
Nodulose root Turmeric
Prop root Banyan
Stilt root Maize, sugarcane

Seeds
These contain a tiny embryo of a plant inside. The seed halves
contain food which supplies energy and materials for growth
until the plant grows its first leaves above the ground. The
seed or matured ovule is made up of three parts:

 The embryo is a miniature plant in an arrested state
of development. Most seeds contain a built-in food
supply called the endosperm (orchids are an
exception).

 The endosperm can be made up of proteins,
carbohydrates or fats.

 Seed coat  protects the seed from diseases and insects,
and prevents water from entering the seed which
would initiate the germination process before the
proper time.

Fruit
Fruits and seeds develop from flowers after completion of
two processes, namely pollination and fertilization. After
fertilization, the ovary develops into fruit. The ovary wall
develops into the fruit wall called pericarp and the ovules
inside the ovary develop into seeds. The branch of
horticulture that deals with the study of fruits and their
cultivation is called pomology. Fruits are classified into two
main categories:
l True Fruit: The fruit which is derived from the ovary of

a flower and is not associated with any noncarpellary
part, is known as true fruit.
Examples: tomato, brinjal, pea, mango, banana

l False Fruit (Pseudocarp): The fruit derived from the
ovary along with other accessory floral parts is called a
false fruit.
Example: apple

Structure of fruit
A fruit consists of two main parts: the seeds and the pericarp
or fruit wall. The pericarp consists of three layers: outer
epicarp, middle mesocarp and inner endocarp. The sweet
juicy and edible flesh is the mesocarp, the innermost hard
covering is the endocarp. These three layers are not easily
distinguishable in dry fruits.

Fruits are usually classified into three groups: simple,
aggregate and multiple or composite fruits.

When a single fruit develops from a single ovary of a
single flower, it is called simple fruit. The ovary may be
monocarpellary or multicarpellary syncarpous.

On the nature of pericarp, simple fruits are divisible into
two types: i) Fleshy fruits and ii) Dry fruits.

Simple fleshy fruits
In these fruits either the entire pericarp or part of the pericarp
is succulent and juicy when fully ripe. As a general rule, the
fleshy fruits are indehiscent. Fleshy fruits are broadly divided
into two kinds: baccate and drupaceous.
l Baccate fruits are fleshy fruits with no hard part except

the seeds. Berry and tomato are its examples.  In these
fruits, all parts including the epicarp with the seeds are
edible.

l Drupe: This is normally a one-seeded fruit. Drupes are
called stone fruits because of the stony hard endocarp.
The endocarp encloses a single seed. The edible portion,
of the fruit is the fleshy mesocarp, eg mango.

l Hesperidium: It is a kind of baccate fruit that develops
from a superior multicarpellary and syncarpous ovary. It
is characteristic fruit of the genus Citrus (Fam. Rutaceae).

l Pepo: A large fleshy fruit developing from a tricarpellary,
syncarpous, unilocular and inferior ovary with parietal
placentation; eg cucumber, melon, bottlegourd etc.

l Pome: It is a fleshy and a false fruit or Pseudocarp. The
edible part is fleshy thalamus; eg. apple, pear.

Simple Dry Fruits
These fruits have dry pericarp which is not distinguished
into three layers. Simple dry fruits are further divided into
three types:

(i) Dehiscent     (ii) Schizocarpic    (iii) Indehiscent
l Dehiscent dry fruits: Pea, Calotropis, Brassica,

Aristolochia, Gossypium, Abelmoschus etc.
l Schizocarpic dry fruits: Tamarindus, Cassia fistula,

Coriandrum, Ricinus etc.
l Indehiscent dry fruits: Mirabilis, Clematis, Paddy,

Maize, Tridax, Helianthus, Cashew nut, Acer etc.
l An aggregate fruit develops from a single flower, with

multicarpellary, apocarpous, superior ovaries and each
of them develops into simple fruitlets. An aggregate fruit,
therefore, consists of a collection of simple fruits as in
polyalthia. The carpels of the flower unite and give rise
to a single fruit as in annona squamosa.
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l Multiple or composite fruit is formed by all the flowers
of a whole inflorescence grouped together to give a single
big fruit. In a sense, multiple fruits are false fruits.

l Sorosis: A multiple fruit that develops from a spicate
inflorescence; eg  Ananas sativus (Pineapple).

Cell Types in the Plant Body

Parenchyma Cells
l Least specialized plant cells
l Generally have a large central vacuole

Collenchyma Cells
l Thicker primary cell walls
l Role in support of herbaceous plants

Ex: the “strings” of celery

Schlerenchyma Cells
l Thick secondary cell walls
l Two types:

 Fibres: long, slender cells with a more or less regular
secondary cell wall.
Ex: hemp fibres for making rope

 Schlerids: shorter cells with an irregular shape.
Ex: stone cells in pears and hard nut and seed shells

Xylem
l Thick secondary cell walls, often deposited unevenly in

a coil-like pattern so that they may stretch.
l Involved in conduct of water and ions in the plant
l Two types: tracheids and vessels

Phloem
l Involved in transport of sucrose, other organic com-

pounds, and some ions.
l Two types of cells in the phloem: sieve-tube members

and companion cells.

Meristems
l The pattern of plant growth depends upon the location

of meristems.

Apical meristems
l Located at the tips of roots and shoots
l Supply cells for the plant to increase in length (grow up

for shoots and down for roots). Growth in this direction
is known as primary growth.
 primary growth found in monocots and dicots

Lateral meristems
l Located near the periphery of the plant, usually in a

cylinder.

Plant Processes

Photosynthesis
It is a process by which plants convert solar energy to
chemical energy.
1. The plant utilizes H2O and solar radiation to fix inorganic

CO2 in the form of organic compounds, releasing O2 and
H2O

2. Photosynthesis occurs in the chloroplasts, using
primarily chlorophyll as an enzyme, CO2 from air and
H2O from soil moisture.

3. Simplified reaction
6CO2 + 12H2O     C6H12O6 + 6O2 + 6H2O

Factors Affecting Photosynthesis:
a. Light Intensity
b. CO2 Concentration
c. Temperature
d. Water Availability: Photosynthesis slows down due

to lack of H2O and less CO2 due to stomata closing
e. Photoperiod:  Longer periods of light

photosynthesize longer.

Respiration
Respiration is the process in which sugars made during
photosynthesis are broken down into simpler molecules either
in the presence of O2 or in absence of O2. In the process of
breaking bonds, energy is released.
1. General reaction

C6H12O6 + 6O2      6CO2 + 6H2O + energy
2. Energy is in the form of ATP.
3. It primarily occurs in the mitochondria of cells.
4. Three distinct phases of Aerobic Respiration:

a. Glycolysis: It is the first phase of all types of
respiration in which glucose is converted to pyruvic
acid.

b. Krebs cycle: It is a series of reactions.
c. Electron transport chain: Net yield of 36 ATP from

one molecule of glucose (most common)
5. Anaerobic Respiration: It is the complete oxidation of

pyruvic acid into CO2 and water.
— The end product is ethyl alcohol (ethanol) and CO2.
— Sometimes called alcoholic fermentation
— Only 2 ATP molecules are produced.
— Anaerobic respiration occurs when plants are in

water-logged soils (little energy).
— Important in the making of wine, beer, whiskey, etc.

6. Respiration occurs in all living organisms whereas
photosynthesis occurs in green plants.
a. If respiration is greater than photosynthesis, growth

is slowed or leads to death.
b. If photosynthesis is greater than respiration, growth
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and food reserves takes place. (Photosynthetic rate
is about 8 to 10 times higher than respiration in
vegetables.)

c. Respiration rate continues after harvest; therefore
proper storage is important.

ATP
l ATP is the energy currency for most cellular processes.

The energy released during the process of respiration is
used to make an ATP molecule from ADP and inorganic
phosphate.

l When the terminal phosphate linkage in ATP is broken
using water, the energy equivalent to 30.5 kJ/mol is
released.

l ATP can be used in the cells for the contraction of
muscles, protein synthesis, conduction of nervous
impulses and many other activities.

Comparison of Photosynthesis and Respiration
Photosynthesis Respiration

1. CO2 and H2O are used 1. CO2and H2O are released
2. Energy is stored in sugar 2. Energy is released from

molecules sugar molecules
3. Occurs only during 3. Occurs during both light

periods of light and dark periods
4. Occurs only in chloro- 4. Occurs in all living cells

phyll-containing cells
5. Increases plant weight 5. Decreases plant weight

Releases oxygen Utilizes oxygen (aerobic
respiration)

Transpiration
Transpiration is the loss of water (in vapour form) from plant
surfaces by evaporation and diffusion. Plants have different
transpiration rates.
l Transpiration is the engine for water movement:

a. Water moves from region of high water potential to
low water potential.

b. Soil to root - root to stem - stem to leaf - leaf to air
c. Absorption and movement of water occur by way of

xylem vessels.
d. Inorganic nutrients also move in the xylem

Translocation
Translocation is the long distance transport of organic solutes
through the plant. The movement is up or down or across. It
occurs in phloem as sap.

Vernalization
l Some plants need cold temperature periods to induce

flowering. This is called vernalization.
l Crops such as beet, carrot, Brussel sprouts, celery and

cabbage all need cold in order to flower. Apple, cherry,
pear and peach also require vernalization.

Pollination
Transfer of pollen grains from the anther to the stigma.
a. Self pollination: pollen from same plant's anther to stigma
b. Cross-pollination: pollen from another plant's anther to

stigma
c. Without pollination: flowers abort and yield drops

Minerals

Essential Elements
Essential elements are defined as those which are necessary
for a plant to complete its life cycle (normal growth and
reproduction), and for which no other element can substitute.
An essential element is either a constituent of an essential
metabolite or is needed for an enzymatic function. Either
criterion is sufficient to demonstrate essentiality. With these
elements and sunlight (and CO2 and H2O) most plants can
synthesize all the compounds they require. However, plants
always contain other elements, such as Na and Si, that have
structural and physiological roles in certain species, but can
be “replaced” by other elements (eg, in some plants Rb or Na
can replace K).
l The mineral nutrition of a plant is a function of all the

elements it contains and which participate in metabolism.

Classification of minerals
On the basis of the amounts found in plants:

Macronutrients:  N, K, Ca, Mg, P, S, Na, Si
Micronutrients:   Cl, Fe, B, Mn, Zn, Cu, Mo, Ni

Roles and Properties of Minerals
l Carbon (C): Basic structural element of  life. No

substitute. It occurs in plants combined with hydrogen
and oxygen, and in their geological derivatives, petroleum
and coal, where it is combined mostly with hydrogen in
the form of hydrocarbons. CO2 is a gas easily available
for photosynthesis (SiO2, a rock, is the closest
counterpart).
Deficiency symptoms: very serious, no growth!

l Oxygen (O): Powerful oxidizing agent. In the combined
state, oxygen occurs in many minerals, living things and
water. Important as a divalent “bridge” in polymer
formation: polysaccharides, lipids, and nucleic acids.
Almost all of the oxygen found in plants is derived from
CO2 via photosynthesis. A little enters from H2O during
oxidative metabolism. A few reactions incorporate O2.
Deficiency symptoms: no respiration.

l Hydrogen (H): Lightest element, and a powerful reducing
agent. Made available as a reducing element by
photosynthesis. Forms covalent bonds with the
electronegative elements C, N, O and H. As the simplest
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and lightest cation, H+ has a unique role in energy
transduction. Pretty important for hydrogen bonding.

l Nitrogen (N): About 1/3 as abundant as carbon. Occurs
principally as diatomic N2 in the atmosphere. Acts as a
donor atom in many enzymatically catalyzed reactions.
Most of the N absorbed from the soil by higher plants is
in the fully oxidized form of NO3 and must be reduced for
assimilation. Two enzyme complexes are involved — one
in the cytoplasm, the other in plastids. If available, plants
will absorb and assimilate ammonium (NH4

+).
Excess symptoms: In many plants, excess nitrogen often
stimulates shoot growth more than root growth and may
favour vegetative growth over flowering and seed
formation.

l Phosphorus (P): Occurs and reacts as orthophosphate,
the fully oxidized and stable form. Participates in
metabolism by forming water-stable phosphate esters
and anhydrides. Mg++ (or Mn++) is a required cofactor in
reactions involving phosphate transfer.
Deficiency symptoms: Phosphorus-deficient plants are
stunted and, in contrast to those lacking nitrogen, are
often dark green. Maturity is often delayed.

l Sulfur (S): Occurs primarily in reduced form in living
things. Sulfhydryl groups are important for protein
conformation. Sulfate (SO4

--) from the soil is the primary
source of S, although some SO2 is absorbed from the
atmosphere.
Deficiency symptoms: General chlorosis of leaf, including
vascular bundles. Sulphur is not easily redistributed from
mature tissues in some species, so deficiencies are usually
noted first in younger leaves.

l Potassium (K+): Dominant cation in plants. K+ is an
activator of many enzymes that are essential for
photosynthesis and respiration, and it also activates
enzymes needed to form starch and proteins.
Deficiency symptoms: Symptoms first appear in older
leaves. Leaves develop necrotic lesions and light
chlorosis.

l Calcium (Ca++): Often the most abundant divalent cation
in plants. Calcium is also important for maintaining the
integrity of membranes, especially the plasma membrane.
Deficiency symptoms: Meristematic regions die. Margins
of younger leaves become chlorotic then necrotic. Young
leaves are malformed.

l Magnesium (Mg++): Most important divalent cation in
enzymatic catalysis. Involved in most reactions involving
ADP and ATP. Activates enzymes for DNA and RNA
synthesis. Constituent of chlorophyll. Magnesium also
has structural roles in membranes, especially in
organelles.

Deficiency symptoms: Deficiency causes extensive
interveinal chlorosis which starts with basal leaves and
progresses to younger leaves.

l Iron (Fe++): Important for its oxidation-reduction
properties (Fe+++ to Fe++). Iron forms a locus for electron
transfer in many enzymes (eg., cytochromes, peroxidases,
catalyses). It is also required for chlorophyll synthesis.
Deficiency symptoms: Extensive interveinal chlorosis,
starting with younger leaves (iron is relatively immobile).

l Copper (Cu++): Important for its oxidation-reduction
properties (Cu++ to Cu+). Copper is an important
component of several critical enzymes (eg, plastocyanin
for photosynthesis and cytochrome oxidase for
respiration).
Deficiency symptoms: Copper deficiency leads to
misshaped and dark green younger leaves. Copper can
be very toxic if in excess.

l Molybdenum (Mo6+): Important for its oxidation-reduction
properties. It is important in organisms that can carry
out nitrogen fixation (from N2).
Deficiency symptoms: Most plants require less
molybdenum than any other element, so deficiencies are
rare. Young leaves may be severely twisted (whiptail
disease).

l Manganese (Mn++): Important for its oxidation-reduction
properties. A major role for manganese is in the removal
of electrons from water during photosynthesis (water
oxidation).
Deficiency symptoms: The absence of manganese causes
disorganization of chloroplast thylakoid membranes.
Plants become chlorotic.

l Zinc (Zn++): Important in enzymes with oxidation-
reduction properties.
Deficiency symptoms: Interveinal chlorosis and
inhibition of stem growth. Leaf margins are distorted
and puckered.

l Boron (B): Some research suggests a role for boron
during synthesis of nucleic acids. In the absence of
boron, meristems stop growing.
Deficiency symptoms: Root and shoot tips stop growing.

l Chloride (Cl-):  Plants frequently contain a good deal of
chloride but very little is required as a nutrient. It may
play a general role in maintaining electrical equilibrium.

l Sodium (Na+): Essential for some halophytes. Sodium
can replace potassium where it is deficient.

l Silicon (Si4+): Abundant in soils. Absorbed from soils
as silicic acid (H4SiO4). Is used by some plants to
strengthen cell walls (eg rice, oats, equisetum).

l Cobalt: Not required by plants, but required by the
bacteroids of root nodules which fix N2, and thus
indirectly in nitrogen nutrition.
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The term agriculture is derived from the latin words ager or
agri meaning "soils" and cultura meaning "cultivation".
Agriculture is the art, science and business of crop
production. It encompasses all aspects of crop production,
livestock farming, fishery and forestry.

Agriculture is the conversion of solar energy into
chemical energy. Crop production is the conversion of
environmental inputs like solar energy, carbon dioxide, water
and nutrients in soil to economic products in the form of
human or animal food or industrial raw materials.

Agriculture is a science of farming. Scientific principles
are employed to find ways of making it as efficient as possible.
Through scientific principles, plants and animals are
transformed genetically, and most favourable environment is
provided to harvest higher yields of good quality with least
expense of energy. The scientific principles of various
branches, viz. soil science, genetics and plant breeding,
entomology, plant pathology, microbiology, agricultural
engineering etc, were employed in agriculture.

Crop
A crop is a life grown or harvested for obtaining yield. Several
plants are alike with respect to morphology, anatomy,
physiology and requirement of particular type of ecology at
different stages of their growth and development.

Classification of Crops on Seasonal Basis
There are several crops which are grown in different seasons
of the year. Such seasons are most prominent in the plains in
contrast to coastal and mountainous regions and in areas
receiving monsoonal rains. These are the crops grouped
under the seasons.

Kharif crops
l These are the crops which are grown during the

monsoons, from June-July to September-October.
l The important crops are: rice, urad, maize, moong, castor,

sunflower, groundnut, safflower, jute, watermelon, jowar,
bajra, etc.

Rabi crops
These crops are grown from October-November to January-
February. While growing these crops, the moisture conserved
during monsoon period is used for the crops.
l The important crops are: wheat, lentil, mustard, berseem,

potato, cabbage, Bengal gram, cauliflower, pea, oats,
linseed, barley, etc.

Zaid or summer crops
l These are the crops which are grown during February-

March to May-June.
l The important crops are: black gram, sesame, green

gram, cowpea, etc.

Commercial Classification
The plant products (usable products) which come into
commercial field go under popular grouping as given below:

Food crops
l These are the crops which are taken by human beings as

staple food.
l The important crops are: rice, legumes, wheat, maize,

fruits, vegetables, pulses, nuts, oilseeds, etc.

Feed crops
l These are the crops which are consumed by the animals

or cattle as their food.
l The important crops are: oats, rice straw, Napier grass,

beans, sorghum, berseem, maize, lucerne, stylo, etc.

Industrial or cash crops
l These are the crops which give good return in cash when

sold in market.
l The important crops are: cotton, soyabean, cashewnut,

sugarcane, potato, groundnut, tobacco, sesame,
sunflower, castor, coconut, cardomom, chillies, etc.

Food adjuncts
These crops form a grouping which has no distinct
demarcation between food crops and industrial or commercial
crops. These crops include spices, condiments, beverages
and narcotics.

Economic or Agricultural Classification
This classification is based on the uses of the crops. They
are as follows:

Cereals
Cereals are the cultivated grasses grown for their edible starchy
grains. In general, the larger grains used as staple food are
wheat, maize, rice, sorghum, barley, etc.

Millets
These are small-grain cereals which are of minor importance
as food. But in our country millets also play an important role
as food crop. They are: bajra, kauni, ragi, shyama, etc.

Agriculture
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Oilseed crops
These are rich in fatty acids, and are used to extract vegetable
oil to meet various requirements. They are: mustard, safflower,
rape seed, castor, rai, linseed, sesame, groundnut, sunflower,
soybean, coconut, etc.

Pulses
These are also major food crops which are rich in protein.
They are: green gram, cowpea, black gram, pigeon pea, Bengal
gram, soybean, pea, lentil, lathyrus, etc.

Feed or forage crops
These are vegetative matter either used fresh or preserved as
feed for animals. It includes hay, silage, pasturage and fodder.
They are: berseem, cowpea, jowar, lucerne, maize, Napier
grass, oats, field bean, etc.

Sugar and starch crops
These crops are grown to produce sugar and starch. They
are: sugarcane, tapioca, sugarbeet, asparagus, potato, sweet
potato, etc.

Spices and condiments
These crops or their produce are used to develop flavour and
taste and add zest and sometimes colour to fresh or preserved
food. They are: ginger, chillies, garlic, onion, fenugreek, anise,
cumin, asafoetida, turmeric, coriander, cardamom, etc.

Drug crops
These are the crops used to prepare medicines. The number
of medicinal herbs found in our country is about 1500. These
medicinal herbs are used for disease cure. They are: Indian
acalypha, cinchona, cassia, neem, cardamom, tulsi, pine, lodh,
castor, henna, mint, emlecha, long pepper, etc.

Narcotics
These are the crops whose products are used for stimulating,
numbing, drowsing and relishing effects. They are: tobacco,
anise, ganja, opium, etc.

Beverages
These are the crops whose products are used for mild,
agreeable and stimulating liquors meant for drinking. They
are; tea, coffee, cocoa, etc.

Plantation crops
These are the crops grown on a large-scale agricultural unit
for heavy output. It can be an artificially reforested area by
planting or direct seeding. They are: rubber, coconut, coffee,
areca palm, tea, oil palm, etc.

Fruit crops
These are the crops which are rich and valuable sources of
food. Several vitamins are found in different fruits. Important
fruits grown in our country are: mango, guava, apple, litchi,
jackfruit, banana, loquat, etc.

Vegetable crops
These are the crops which are important for human diet and
are rich in vitamins and minerals. They are: lady’s finger, brinjal,
tomato, chilli, snakegourd, amaranth, pointed gourd,
fenugreek, sitaphal, knol-khol, onion, pea, garlic, green pepper,
lettuce, watermelon, muskmelon, etc.

Ornamental plants
These are the plants which include flowers, shrubs,
ornamental foliage plants, cacti and others. Some of the
ornamental plants are: petunia, jasmine, rose, chrysanthemum,
cup flower, candytuft, dianthus, balsam, canna, amaryllas,
Chinese bell flower, cacti, China rose, gulmohar, bougainvillea,
Night Queen, Morning Glory, Mary flower tree, dahlia, etc.

Fibre crops
These crops are grown to get fibre to make clothes, ropes,
mattress and gunny bags. They are: jute, mesta, cotton,
sunhemp, flax, etc.

Factors Affecting Crop Production
Crop growth is influenced by internal factors and external
factors. Internal factors are controlled by genes and heredity.
External factors are climatic, edaphic (soil), biotic,
physiographic (water) and anthropic (management).

Soil
Soil is a natural body consisting of layers that are primarily
composed of minerals which differ from their parent materials
in their texture, structure, consistency, colour, chemical,
biological and other characteristics. Soil is made up of varying
ratios of minerals, air, water and organic material. Soil is
healthy if it consists of roughly 40% mineral, 23% water,
23% air, 6% organic material and 8% living organisms.
l Soil is a mixture of mineral and organic materials in the

form of solids, gases and liquids.
l The most influential factor in stabilizing soil fertility is

soil colloidal particles (clay and humus), which behave
as repositories of nutrients and moisture and buffer
variations of soil solution ions.

l Colloids act to store nutrients that might be leached and
to release those ions in response to soil pH.

l The greatest influence on plant nutrition is soil pH, which
is a measure of the hydrogen-ion (acid-forming) soil
reactivity.

l Soil pH strongly affects the availability of nutrients.

Soil colour
Soil colour is primarily influenced by soil mineralogy. Many
soil colours are due to various iron minerals. The development
and distribution of colour in a soil profile result from chemical
and biological weathering, especially redox reactions.



44 l Biology

K
KUNDAN

l Iron forms secondary minerals of a yellow or red colour;
organic matter decomposes into black and brown
compounds; and manganese, sulphur and nitrogen can
form black mineral deposits. These pigments can produce
various colour patterns within the soil.

Soil resistivity
Soil resistivity is a measure of a soil’s ability to retard the
conduction of an electric current. The electrical resistivity of
soil can affect the rate of galvanic corrosion of metallic
structures in contact with the soil.

Soil pH
Soil pH or soil reaction is an indication of the acidity or alkalinity
of soil and is measured in pH units. The pH scale goes from 0
to 14 with pH 7 as the neutral point.
l As the amount of hydrogen ions in the soil increases,

the soil pH decreases, thus becoming more acidic.
l From pH 7 to 0, the soil is increasingly more acidic, and

from pH 7 to 14, the soil is increasingly more alkaline or
basic.

l Roses and many other plants do well when the pH is
between 6.4 and 7, just a shade on the acid side.

l An organic content of 5% is considered a minimum
acceptable organic content in soils.

Plant diseases
Viral diseases:  TMV (Tobacco Mosaic Virus) virus destroys
chlorophyll and leaves get shrunk and small.
l Colour change: It a viral disease of plants.

Bacterial diseases
Diseases Pathogens (Bacteria)
Tundu disease of wheat Citrus canker
Potato wilt Pseudomonas solanacearum
Blight of rice Xanthomonas orzae
Citrus canker Xanthomonas citri
Bean blight Xanthomonas phaseoli
Potato scab Streptomyces scabies
Fire blight of apple Invenia
Crown gall in fruits Agrobacterium tumefaciens

Fungal diseases
Disease Causal organisms
Wart disease of potato Synchytrium endobioticum
Late blight of potato Phytophythora infestans
Green ear disease of Scherospora gramicola bajra

Rust of wheat Puccinia graminis tritici
Loose smut of wheat Ustilogo nuda tritici
Tikka disease of groundnut Coroospora personata
Red rot of sugarcane Colletotrichurn falcatum
Brown leaf spot of rice Helmin thosporium oryzea
Powdery mildew of wheat Erysiphe graminis tritici

Scientific Name of Important Plants
Name Scientific Name
Sweet lime Citrus sinensis
Paddy Oryza sativa
Wheat Triticum aestivum
Sarson Brassica campestris
Gram Cicer aritinum
Cotton Gassypium herbacium
Mango Azadirachta indica
Orange Citrus reticulata
Apple Pyrus malus
Potato Solanum tuberosum
Tomato Lycopersicon esculentum
Onion Allium cepa
Coffee Coffea arabica
Cocoa Theobroma cacao
Camphor Cinnamomum camphora
Hemp Cannabis sativa
Tea Camelia sinensis
Lemon Sifrus limonia

Important Inventions and Discoveries
IQ Test Alfred Binet
Homeopathy Samuel Hahnemann
Heart Transplantation Christian Barnard
Chloroform Sir James Simpson
Anti-Polio Vaccine Dr Jonas E. Salk
Parasitic Malaria Dr Roland Ross
Sulfa drugs G. Domag
Cholera Vaccine Robert Koch
DNA James Watson &

Francis Crick
RNA Watson & Arther
Aspirin Heinrich Dresser
Penicillin Alexander Fleming
Blood Circulation William Harvey
Change of Blood Karl Landsteiner
Vitamin Cashmir Funk
Vaccine of Small Pox Edward Jenner
Tuberculosis Bacteria Robert Koch
First Test Tube Baby Steptoe & Edwards
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Ecosystem
The term ecology was coined by Ernst Haeckel in 1869. It is
derived from the Greek words oikos- (home) and -logos
(study). Modern ecologists believe that an adequate
definition of ecology must specify some unit of study and
one such basic unit described by Tansley (1935) was
ecosystem.

Ecosystem is an integrated unit consisting of interacting
plants, animals and micro-organisms whose survival depends
upon the maintenance and regulation of their biotic and abiotic
structures and functions. The ecosystem is, thus, a unit or a
system which is composed of a number of sub-units that are
all directly or indirectly linked with each other. They may be
freely exchanging energy and matter from outside (an open
ecosystem) or may be isolated from outside in terms of
exchange of matter (a closed ecosystem).

Ecosystems show large variations in their size, structure,
composition etc. However, all the ecosystems are
characterized by certain basic structural and functional
features which are common.

The composition and organization of biological
communities and abiotic components constitute the structure
of an ecosystem.

Energy transformations and biogeochemical cycling
are the main processes that comprise the field of ecosystem
ecology.

Ecosystems are made up of abiotic (non-living,
environmental) and biotic components, and these basic
components are important to nearly all types of ecosystems.
Ecosystem ecology looks at energy transformations and
biogeochemical cycling within ecosystems.
l A biogeochemical cycle can be expressed as a set of

stores (pools) and transfers, and can be studied using
the concepts of “stoichiometry”, “mass balance”, and
“residence time”.

Ecological Factors
These can affect dynamic change in a population or species
in a given ecology or environment. They are usually divided
into two groups: abiotic and biotic.

Abiotic ecological factors
Abiotic factors are geological, geographical, hydrological
and climatological parameters:
l Water, which is at the same time an essential element to

life  and a milieu.

l Air, which provides oxygen, nitrogen, and carbon dioxide
to living species and allows the dissemination of pollen
and spores.

l Soil, at the same time source of nutrient and physical
support.

l Temperature, which should not exceed certain extremes,
even if tolerance to heat is significant for some species.

l Light, which provides energy to the ecosystem through
photosynthesis.

l Natural disasters can also be considered abiotic.

Biotic ecological factors
Biotic ecological factors also influence biocenose viability;
these factors are considered as intraspecific and interspecific
relations.
l Symbiosis: A relationship in which two organisms of

different species ‘live together’ for a period of time.
l Parasitism: A form of symbiosis in which one organism

derives nutrients from the second organism which suffers
some harm but is usually not killed. (Ex: A tick is the
parasite that feeds off a dog, which is the host.)

l Mutualism: A form of symbiosis in which both organisms
help each other. (Ex: A remora fish eats the algae and
barnacles from the skin of a shark which, in turn, protects
the remora.)

l Commensalism: A form of symbiosis in which one
organism helps another, but there is no benefit nor harm
done in return. (Ex: A clown fish lives inside a sea anemone
and is protected by it. The sea anemone derives no
benefit nor harm from the relationship.)

l Saprophytes: They live on dead organic matter and are
responsible for decomposition.

Components of Ecosystem
Ecosystems have basically two types of components, biotic
and abiotic, as described below:

Biotic Components
Different living organisms constitute the biotic component
of an ecosystem and belong to the following categories:
Producers: These are mainly producing food  themselves,
e.g., green plants produce food by photosynthesis in the
presence of sunlight from raw materials like water and carbon
dioxide. They are known as photo-autotrophs (auto = self,
photo = light, troph = food).

Ecology
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l There are some chemo-autotrophs, which are a group of
bacteria producing their food from oxidation of certain
chemicals, e.g. sulphur bacteria.

Consumers: These organisms get their food by feeding on
other organisms. They are of the following types:

 Herbivores: They feed on plants; e.g. rabbit, insects.
 Carnivores: They feed on herbivores as secondary

carnivores (e.g., frog, small fish) or tertiary carnivores
(e.g., snake, big fish), which feed on other consumers.

 Omnivores: They feed on both plants and animals;
e.g., humans, rats, birds.

 Detritivores: They feed on dead organisms; e.g.,
earthworm, crab, ants.

Decomposers: These are micro-organisms which break down
organic matter into inorganic compounds and in this process
they derive their nutrition. They play a very important role in
converting the essential nutrients from unavailable organic
form to free inorganic form that is available for use by plants;
e.g., bacteria, fungi.

Abiotic Components
Various physico-chemical components of the ecosystem
constitute the abiotic structure:

 Physical components include sunlight, rainfall,
temperature, wind speed and direction, water
availability, soil texture etc.

 Chemical components include major essential
nutrients like C, N, P, K, H2, O2 and S, and
micronutrients like Fe, Mo, Zn and Cu, salts, and toxic
substances like pesticides.

l These physico-chemical factors of water, air and soil
play an important role in ecosystem functioning.

Every ecosystem performs the following important functions:
l It has different food chains and food webs: Food chain is

the sequence of eating and being eaten; e.g.,
 Grass  grasshopper  frog  snake  hawk
 Phytoplanktons (water-algae)  water fleas  small

fish  large fish (Tuna)
 These are known as grazing food chain — it starts

with green plants and culminates with carnivores.
 Another type is detritus food chain — it starts with

dead organic matter; e.g., Leaf litter in a forest 
fungi  bacteria

 Food chains are generally found to be interlinked and
interwoven as a network and are known as Food Web.
There are several options of eating and being eaten
in a food web. Hence these are more stable.

l There is uni-directional flow of energy in an ecosystem:
It flows from the sun and then, after being captured by
primary producers (green plants), flows through the food
chain or food web, following the laws of thermodynamics.
At every successive step in the food chain, there is huge
loss of about 90% of the energy in different processes

(respiration, excretion, locomotion etc.) and only 10%
moves to next level (ten per cent law of energy flow).

l Nutrients (materials) in an ecosystem move in a cyclic
manner: The cycling of nutrients takes place between
the biotic and abiotic components in what is known as
biogeochemical cycles .

l Every ecosystem functions to produce and sustain some
primary production (plant biomass) and secondary
production (animal biomass).

l Every ecosystem regulates and maintains itself and
resists any stresses or disturbances up to a certain limit.
This self-regulation or control system is known as
cybernetic system.

Processes of Ecosystems
The particular details of one ecosystem will differ when
compared to another. They will have different organisms
present or different abiotic factors available. But in all cases,
ecosystems exhibit two primary features:
l a single direction to the flow of energy, in the form of

chemical bonds, from photosynthetic organisms, like
green plants or algae, to animals that eat the plants or
other animals.

l the cycling of inorganic minerals such as nitrogen,
calcium and phosphorus through living organisms and
then back to the environment. The return of these
inorganic materials to the environment happens largely
by the action of organisms known as decomposers (such
as bacteria and fungi).  Other organisms called
detritivores (such as pillbugs, sowbugs, millipedes, and
earthworms) help break down large pieces of organic
matter into smaller pieces and then the decomposers
work on.

Transformation of Energy
The transformation of energy in an ecosystem begins first
with the input of energy from the sun. Energy from the sun is
captured by the process of photosynthesis. Carbon dioxide
is combined with hydrogen (derived from the splitting of
water molecules) to produce carbohydrates (CHO).
l Energy is moved through an ecosystem via a food web,

which is made of interlocking food chains. Energy is first
captured by photosynthesis (primary production). The
amount of primary production determines the amount of
energy available to higher trophic levels.
 Energy is stored in the high energy bonds of

adenosine triphosphate, or ATP.
l Biosphere: The earth’s ecosystem interacting with the

physical environment as a whole to maintain a steady
state system intermediate in the flow of energy between
the high energy input of the sun and the thermal sink of
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l More often than not, an organism doesn’t eat only one
type of food, i.e. any animal eats more than one species
of organism. In order to represent this situation, a food
web is produced. A food web is a collection of food chains
mixed together to get a clearer picture of which animals
eat what.

l A food web gives us more information about the feeding
of animals than food chains.

l Despite this, it doesn’t give us the number of organisms
involved. To show the number of organisms involved in
a food chain there is a pyramid.

l The first (bottom) layer in the pyramid is always the
producer. Then following it are the primary consumer,
then the secondary and so on.
 When energy flows from one organism to the other,

some energy is always lost.

space (merges with atmosphere, lithosphere,
hydrosphere…)

l Biome: Large-scale areas of similar vegetation and
climatic characteristics.

l Ecosystem: A set of organisms and abiotic components
connected by the exchange of matter and energy (forest,
lake, coastal ocean). Or, “the smallest units that can
sustain life in isolation from all but atmospheric
surroundings.”

l Community: Interacting populations which significantly
affect each other ’s distributions and abundance
(intertidal, hot spring, wetland).

l Population: Group of interacting and interbreeding
organisms.

l Cell/Organism  Organelle  Molecule  Atom

Food Chains and Food Webs
l There are various ways to represent how animals feed in

a particular habitat. A food chain is one such way to
show what eats what.

l The first organism in a food chain is always a producer.
Producers make their own food from the sun by
photosynthesis. Plants are an example of a producer.
The other organisms in the chain are called consumers
because they consume (eat) the organism before them.
The first consumer is called the primary consumer, then
there is the secondary consumer, and so on. The last
organism in a food chain is always called the top
carnivore.

l The primary consumer is always a herbivore because it
eats plants or another producer. The secondary consumer
is a carnivore because it eats other animals. If an
organism eats both plants and animals, then it is called
an omnivore.

l The arrows in the food chain represent the flow of energy
or the phrase is eaten by.

l The ultimate source of energy is always the sun, but it
is usually not included in a food chain.

Environment
number of biophysical environments is countless, given that
it is always possible to consider an additional living organism
that has its own environment.
l Biodiversity is the foundation and mainstay of

agriculture, forests and fisheries. Biological resources
provide the raw materials for livelihoods, sustenance,
medicines, trade, tourism, and industry.

Life has to be adapted to its environment conditions.
Temperature, light, humidity, soil nutrients, etc., all these
have influence on the species that can inhabit a particular
environment. But life is not passive, and its activity modifies
in various forms the environment conditions.

The expression “the environment” is often used to refer
to the global environment, usually referred to humanity. The
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l Climate Change is expected to hit developing countries
the hardest. Its effects — higher temperatures, changes
in precipitation patterns, rising sea levels, and more
frequent weather-related disasters — pose risks for
agriculture, food, and water supplies. At stake are recent
gains in the fight against poverty, hunger and disease,
and the lives and livelihoods of billions of people in
developing countries.

l Persistent Organic Pollutants, known as POPs, are toxic
substances released into the environment through a
variety of human activities. They have adverse effects
on the health of ecosystems, wildlife and people.

l Green Chemistry is the design of chemical products
and processes to reduce or eliminate the use and
generation of hazardous substances.

l The concept of green chemistry was introduced in 1995.
l Mustard gas, which is poisonous, was used during the

First World War. It enhances mutations.
l The most powerful hallucinogenic drug, LSD, causes

increase in abortion, abnormal babies and chromosomal
aberrations in human lymphocytes.

l The use of insecticides, pesticides and herbicides to
control insects, pests and abnoxious weeds respectively,
damages the main crops and that's why advanced or
Western nations discarded and abandoned the use of
these chemicals, which also promote barrenness in the
soil.

l Bhopal gas tragedy, which  accounted for nearly 3000
deaths and several thousand injuries, occurred in
December 1984 due to the leakage of deadly poisonous
gas Methyl Isocyanate (MIC), which is a volatile,
colourless and tear-producing liquid highly irritating to
the skin, eyes and mucous membrane.

Atmosphere
Atmosphere is the huge blanket of gas that circles the entire
Earth. Without it, life as we know it could not exist. This
blanket of gas starts at ground level and stretches 600 miles
into the sky. However, most of this life-supporting shell is
squashed down into a layer only six miles thick.

The top of Mount Everest barely peaks above the edge
of this layer. The remaining 594 miles cannot support life.
However, these layers do protect us from the dangers of the
sun’s radiation. They also protect us from drifting rocks, big
hunks of metal, and other bits and pieces of space junk that
collide with our planet from time to time.

Scientists who study weather are called meteorologists.
They refer to the troposphere as “The Weather Zone.” The
troposphere begins at ground level and extends six miles up
into the sky where it meets with the second layer.

Pollution
Pollution is the contaminant into a natural environment,
usually by humans. The specific types of pollution are Land
pollution, Air Pollution, Water pollution (oceans, rivers,
ground water), Plastic pollution, Noise pollution, Light
pollution, and many more.
l In India, the increasing economic development and a

rapidly growing population that has taken the country
from 300 million people in 1947 to more than one billion
people today is putting a strain on the environment,
infrastructure, and the country’s natural resources.

l Industrial pollution, soil erosion, deforestation, rapid
industrialization, urbanization, and land degradation are
all worsening problems.

l Overexploitation of the country’s resources, be it land or
water, and the industrialization process have resulted in
environmental degradation of  resources.

l Environmental pollution is one of the most serious
problems facing humanity and other life forms on our
planet today.

l India is among the world’s worst performers when it
comes to the overall environment.

Pollutant
A substance released into the environment due to natural or
human activity which affects the environment adversely is
called pollutant; e.g. sulphur dioxide, carbon monoxide, lead,
mercury, etc.

Air pollutants and their effects
1. Particulate matter: It comprises small suspended

particles such as soot, dust, pesticides, etc., and
biological agents such as spores, pollen and dust mites.
It causes respiratory ailments such as asthma, chronic
bronchitis, etc.

2. Carbon monoxide: It is a product of incomplete
combustion of fossil fuels in automobiles. It is highly
poisonous to most animals. When inhaled, carbon
monoxide reduces the oxygen-carrying capacity of
blood.

3. Hydrocarbons: Hydrocarbons, such as methane,  evolve
from soil microbes (methanogens) in flooded rice fields
and swamps. They are also generated during the burning
of coal and petroleum products.

4. Sulphur dioxide: It is released from oil refineries and ore
smelters which use sulphur-containing fuels. It causes
harmful effects on plants and animals. It causes chlorosis
(loss of chlorophyll) and necrosis (localised death of
tissues). In human beings, it causes health problems
such as asthma, bronchitis and emphysema.

5. Nitrogen oxides: They cause reddish-brown haze (brown
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air) in traffic-congested city air which contributes to heart
and lung problems.

Secondary air pollutants and their effects
l Photochemical smog: Photochemical smog is a

secondary pollutant formed in heavy traffic and
congested metropolitan cities by the action of sunlight.

l Photochemical smog is formed due to the reaction
beween the exhaust released from the automobiles and
the UV radiations (in light) and water vapour in the
atmosphere.

Effect of smog: Smog contains secondary pollutants like
ozone and PAN, which are harmful to animals as well as plants.
(i) Ozone in smog
l It mainly damages the leaves in plants.
l It aggravates asthma and lung disorders in humans.
l Ozone, being an effective oxidant, corrodes old heritage

buildings, damages marble statues and destroys cultural
heritage assets.

(ii) Peroxy Acetyle Nitrate (PAN) in smog
l PAN affects the chloroplasts in leaves, and reduces the

phtosynthetic efficiencies and growth of plants.
l It inhibits electron transport system (ETS) and interfares

with the enzyme systems that takes part in cell
metabolism.

l It causes acute irritation of eyes in humans.

Acid rain
Acid rain refers to the deposition of acids from the atmosphere
on the earth.

— The oxides of sulphur (SO2 or sulphur dioxide, SO3
or sulphur trioxide) and oxides of nitrogen (N2O or
nitrous oxide, and NO2 or nitrogen dioxide) are
generated during the combustion of coal and gas in
industries and of petrol in automobiles.

— These gases being highly reactive, form secondary
pollutants in air. They rapidly oxidise to form
sulphuric acid and nitric acid and particles of
nitrates and sulphates, which quickly dissolve in
water to form acid rain.

— These chemicals reach the surface of the earth in
two forms.

l Wet deposition refers to acidic water received through
rain, fog and snow. Sulphuric acid and nitric acid, formed
in the atmosphere, dissolve in rain water and form dilute
solutions of sulphuric acid and nitric acid respectively.
The rain carrying these acids is called acid rain.

Effects of acid rain
l Acid rain causes severe damage to monuments, buildings

and statues.
l It makes the soil acidic.
l It causes irritation of eyes in humans.

l It is poisonous to plant life, fishes and aquatic animals.

Chernobyl (Ukraine) disaster
The explosion at the Chernobyl nuclear power station was
undoubtedly the world’s worst nuclear disaster. Deadly
radioactive material was released into the atmosphere. The
inhabitants of Chernobyl were exposed to radioactivity a
hundred times greater than that from the Hiroshima bomb.
Babies were born with infirmities and people suffered from
serious diseases like thyroid cancer.

Noise Pollution
Noise may be defined as an unwanted and unpleasant sound
that may have adverse effects on animals and humans. The
unit of sound level is decibels (db). Noise level above 120 db
is considered harmful to human beings.

More to know
Jet Aircraft (takeoff) 145 db
Heavy city traffic 90 db
Vaccum cleaner 85 db
Window Air Conditioner 60 db
Normal speech 60 db

E-Waste
Electronic waste or e-waste is one of the rapidly growing
problems of the world. It comprises a multitude of
components. Some of them contain toxic substances that
can have an adverse impact on human health and the
environment if not handled properly.

E-waste products do not decompose or rot away. The
information and communication technology (ICT) sector in
the last 20 years or so in India has revolutionized the lives of
one and all, ratcheting a vital effect on electronic
manufacturing industries leading to phenomenal growth in
terms of volume and applications both.

Digital development has become the new mantra having
its all-engulfing footprints everywhere. The booming usage
of electronic and electrical equipment has created a new but
very dangerous stream of waste. With the presence of deadly
chemicals and toxic substances in electronic gadgets, disposal
of e-waste is becoming an environmental and health
nightmare. E-waste is now one of the fastest growing waste
streams. Every year, hundreds of thousands of old computers,
mobile phones, television sets and radio equipment are
discarded, most of which either end up in landfills or
unauthorized recycling yards.

India produces about 3,80,000 tonnes of e-waste per
annum, which includes only the waste generated out of
television sets, mobile phones and PCs, a major chunk of
which comes from organisations.  E-waste produced in India
includes over 100,000 tonnes from refrigerators, 275,000
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tonnes from TVs, 56,300 tonnes from personal computers,
4,700 tonnes from printers and 1,700 tonnes from mobile
phones. The unorganized recycling sector fails to practice
eco-friendly e-waste recycling methods. As a result, large
amounts of toxic chemicals are released. The toxic gases and
the large volume of electronic waste add to environmental
pollution in India. India imports almost 50,000 tonnes of e-
waste yearly. It generated 330,000 tonnes of e-waste in 2007
and the figure is expected to touch 470,000 tonnes by 2011.

Impacts of e-waste
The disposal of e-waste is a particular problem faced in many
regions across the globe. E-waste takes up space in the
communities it invades and can be very harmful to humans
and animals. It is of concern mainly due to toxicity and
carcinogenicity of some of the substances, if processed
improperly.

E-waste is much more hazardous than many other
municipal wastes because electronic gadgets contain
thousands of components made of deadly chemicals and
metals like lead, cadmium, chromium, mercury, polyvinyl
chloride (PVC), brominated flame retardants, beryllium,
antimony etc. Long-term exposure to these substances
damages the nervous systems, kidney and bones, and the
reproductive and endocrine systems, and some of these
substances are carcinogenic and neurotoxic. Primitive
recycling or disposal of e-waste to landfills and incinerators
causes irreversible environmental damage by polluting water
and soil, and contaminating air.

Persistent Bio-Accumulative Toxins
l Lead, mercury, cadmium, and polybrominated flame

retardants are all persistent, bio-accumulative toxins
(PBTs).

l They can create environmental and health risks when
computers are manufactured, incinerated, landfilled or
melted during recycling.

l PBTs, in particular, are a dangerous class of chemicals
that linger in the environment and accumulate in living
tissues.

l Because they increase in concentration as they move up
the food chain, PBTs can reach dangerous levels in living
organisms, even when released in minute quantities.

l PBTs are harmful to human health and the environment
and have been associated with cancer, nerve damage
and reproductive disorders.

Global Warming
What could be the reason for these alarming changes in the
climate and environment? The answer is global warming,
which refers to an average increase in the temperature of the
atmosphere or simply the warming of the earth.
l July 1998 was the hottest month world over.
l In 1998 India had the hottest period in 50 years.
l There is a rapid melting of snow and subsequent rise in

sea level.

Greenhouse gases
l Carbon dioxide: It is the most abundant greenhouse gas

released by burning of fossil fuels, deforestation,
respiration of animals, decaying of organic matter, etc.

l Methane: It is produced by the incomplete decomposition
of organic compounds by methanogenic bacteria under
anaerobic condition. It is also produced by the enteric
fermentation in cows and from the flooded ricefields.

l Nitrous oxide: It is released by burning of fossil fuels,
industrial processes, agricultural practices like ploughing
etc.

l Chlorofluorocarbons: These are coolant gases used in
refrigerators, aerosols, solvents, etc.

Effects of global warming
l The level of sea rises due to the melting of glaciers and

the thermal expansion of water, which will submerge many
parts of countries.

l Due to global warming the rise in temperature could create
unexpected changes in weather conditions, making some
regions hotter and others colder.

l The rainfall pattern could also change, causing drought
in some areas and floods in others.

l Crops and forests may be affected by insects, pests and
plant diseases, resulting in severe damage.

l Water-borne and insect-borne diseases such as malaria
and dengue can spread in temperate countries.

l Global warming can also result in the loss of biodiversity
due to the extinction of coral reefs and other key species.
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l Hippocrates is called the father of medicine.
l Euglena is an organism which exhibits the characteristics

of plants and animals both and has been kept in Protista
kingdom.

l The fungi born on cowdung are called corporphilous
fungi.

l A single centrosome is present in animal cells. It is also
found in some fungi and algae cells.

l The largest bone of the body — Femur
l The smallest bone of the body — Stapes or Stirrup  (a

    bone in ear)
l Algae like microcysts, chrococcus and oscillaleria are

deadly poisons (toxic) that coexist in ponds, rivers, seas
etc and due to their presence fishes and other aquatic
living beings die.

l The smallest chromosome among all the micro-organisms
is that of algae.

l The algae chlorella can be used in spacecraft to take
proteineous food, water and oxygen.

l The moss plant sphagnum is used as fuel and is called
peat energy.

l The plants of mosses are also used as antiseptics.
l Cycas plant is also called Sago Palm.
l Pine nuts, which are extracted from pine tree, is also

used as edible substance.
l An alkalide ephedrine is obtained from the juice of

ephedra  and is utilised as medicine for people suffering
from asthma.

l Tannin is utilized in making leather and ink, while resin
is extracted from some coniferous trees and utilised in
making burnish, shoe polish, plastic, paints etc.

l There are various gymnosperms which seem to appear
extremely beautiful and which are utilized for decorative
purposes. They are planted in gardens, in parks, on roofs
etc.

l The largest ovule is that of the plant cycas, which is a
gymnosperm.

l Fungi do not contain chlorophyll and cannot produce
their own food. They must rely on other organisms to
get their food.

l Some fungi feed on decaying organic matter, while some
are parasites of plants and animals.

l Fungi reproduce by means of spores. These can be
produced sexually or asexually (without another fungus).

l Different types of microscopes are light microscopes,
TEMs and SEMs. TEM shows the details of the inside of
a cell. SEM shows the details of the surface of a cell.

l Haemoglobinometer is an instrument for recording the

haemoglobin content of blood.
l Fat cells can be stained with Sudan III, Scharlach R and

osmic acid.
l The keratinized cells with degenarated nuclei are

constantly in the process of flaking off the surface of the
skin in the form of dandruff.

l Bone marrow is fast affected by nuclear radiations.
l The strongest muscle of the human body is the jaw

muscle.
l The largest muscle of the human body is Sartorius.
l The smallest muscle of the human body is Stapedius.
l The horns of the rhinoceros are formed of keratin

protein.
l Hassall's cells are phagocytes found in the thymus.
l Deficiency of ATP in muscle causes rigor mortis.
l Normovolemia refers to normal blood volume. Decreased

blood volume is called hypovolemia and increased blood
volume is called hypervolemia.

l Normal cholesterol level of human blood is 50-180 mg
per 100 ml of blood. High level of cholesterol may lead to
heart attack.

l Pneumatic bones contain air centres and are found in
birds.

l Sneezing: The spasmodic contraction of muscles of
expiration forcefully expels air through the nose of mouth.
Its stimulus may be an irritation of nasal mucosa.

l Yawning: A deep inspiration through widely opened
mouth producing an exaggerated depression of the lower
jaw. May be stimulated by drowsiness or fatigue, but
precise stimulus-receptor cause is unknown.

l Philip Drinker, an American engineer, invented a tank
respirator or iron lung in 1929.

l Cyanosis is the dark-bluish discolouration of the skin
and mucous membrane due to deficiency of oxygen in
blood.

l Soil fertility can be enhanced by the use of organic material
such as blue-green algae. This technique is largely used
for growing rice crop.

l Amphibians live on land and water both. They are cold-
blooded or poikilothermal.

l Amphibians do not have nails. Fertilisation and
embryonic development always takes place in water in
their case.

l The common examples of amphibians are frog, toad, hyla
and salamander.

l Snakes are limbless and lack ears but have a keen sense
of smell.

Points to Remember
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l Turtles and tortoises have bony shells, into which they
can retract their head and limbs. Turtles are the most
long-lived animals.

l Crocodiles and alligators live in water or close to it
(moist climate) and are generally fish-eaters.

l The gharial is a unique reptile of Indian species with a
thin snout.

l The hearts of most of the reptiles are three-chambered
but the crocodile has a four-chambered heart.

l The Ostrich is the only living member of the genus
Struthio, while Kiwi belongs to the genus Apteryx.

l The largest living bird is Ostrich and the smallest living
bird is Humming bird. Among the Indian birds, the Sun
bird is the smallest.

l The fastest flying bird all over the world is Swift, while
the fastest running bird is Ostrich.

l At present the bird Dodo, which was found in Mauritius,
has become completely extinct .

l Whales and Dolphins are aquatic mammals. Their
forelimbs are modified as flippers and they lack hindlimbs.

l Blue whale is the largest animal among all, while Dolphin
is a highly intelligent mammal.

l Macropus, commonly knonw as kangaroo, is abundantly
found in Australia.

l The metal magnesium is found in the chlorophyll of
plant leaves.

l The chemical substance chloroplast is also called the
nucleus of photosynthesis.


