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PREFACE

This BSc Zoology Series of five volumes will be useful for all undergraduate students of life sciences. The
series has been developed to follow a unique test-friendly approach to especially assist undergraduate-level
students in exam preparation. Besides, the applicants of CSIR-NET, GATE, Civil Services and other competi-
tive examinations will also find this series very helpful.

About The Series

The following five volumes collectively structure this series:
Volume 1: Animal Diversity
Volume 2: Cytology, Genetics and Molecular Genetics
Volume 3: Biochemistry, Physiology and Endocrinology
Volume 4: Ecology and Animal Behaviour
Volume 5: Evolution, Comparative Anatomy, Biometry, Economic Zoology and Animal Development

These volumes cover the latest syllabi, as per the UGC curricula, of BSc courses taught across different
Indian universities. Each part of a volume in the series contains a synopsis which briefly introduces the theme
and then details important features topic-wise. This is followed by a comprehensive section on objective-type
questions which includes short-answer questions, long-answer questions, multiple-choice questions, fill in
the blanks, true or false questions, and questions based on reasoning and diagrams.

This arrangement has been ideated to first get the students acquainted with a chapter by going through
the synopsis and then attempt to answer different sets of questions based on that chapter. Such a flow seeks
to encourage self-study and aids quick revision of the topics in a lesson. While the synopsis provides a clear
framework and considerable depth to topic-wise study of the syllabi, the stupendous variety in exercises cov-
ers a broad spectrum of learning tools.

What Makes This Series Unique?

The changing pattern of syllabus of academic life-science courses has induced a change in the type of ques-
tions appearing in undergraduate-level examinations of major universities and noted competitive tests. A
distinct alteration in the nature of objective questioning has been identified. Objective questions, now part of
compulsory questions, include the variations mentioned above. It then becomes imperative that the students
be made fully conversant with this new pattern.

However very few books, adequately containing the required pedagogical features, are available to facili-
tate such a pattern of study. Recognising the growing interest of students and a need for a comprehensive yet
basic-level text, I have authored this BSc Zoology Series to aid test-ready academic study.

Besides students, this series will amply assist various faculty members in the design and preparation of

periodical tests for internal evaluation, question papers for undergraduate-level university examinations as
well as CSIR-NET, GATE and Civil Services examinations, etc.
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Salient Features Of The Series

*  Apposite theory to aid quick revision for examinations
*  Wide range of chapter-end exercises designed as per undergraduate examinations

e Surplus artwork to help develop a holistic understanding of concepts

Volume Il : Cytology, Genetics and Molecular Genetics

Introduction

Cytology is the study of all aspects of cells, Genetics is the science of genes and heredity and Molecular
Genetics is the study of genes at a molecular level. Cell biology, genetics and molecular genetics are inter-
related. This volume covers the basic concepts, explains the interrelation and describes recent developments
in the field of the cell biology, genetics and molecular genetics. A comprehensive comparison of historical
findings and recent developments has been included to provide up-to-date knowledge and promote interest
levels of students in these fields.

Highlight

This volume elucidates all the important topics such as Cell Organelles, Genetics of Cell Division,
Mendelism, Chromosomal Aberrations, Mutation, Modern Concept of Gene, Human Genetics, Protein
Synthesis, Gene Regulation, Human Genome Project, Genetics of Cancer, Immunogentics, and Genetic
Engineering.

Organisation of Volume I

This volume has been classified into two parts, viz., Cytology and Genetics and Molecular Genetics. The
first part, Cytology covers topics such as Cell—discusses characteristics, shape, size and types; Cell Organ-
elles—details structure and various functions; Cell Cycle—describes the various phases and emphasises on
the checkpoints such as DNA replication, DNA repair, spindle assembly, separation of chromatids, etc.; and
Cell Division—elucidates the two types of divisions and their significance.

The second part, Genetics and Molecular Genetics covers topics such as Mendelism—deals with the
principle of inheritance, transfer of characters from parent to the offspring and suppression and expression of
these in the offspring; Multiple Alleles—discussed as an exception to Mendel’s law; Sex Determination—
describes the mechanism by which the sex of an offspring is determined; Sex-linked Inheritance—explains
the mechanism by which characters are passed to the offspring; Linkage—discussed as an exception to
Mendel’s law of inheritance; Crossing Over—deals with the exchange of non-sister chromatid parts between
homologous chromosomes and the various results; Chromosomal Aberrations—describes nature, occur-
rence and result; Mutation—explains the evolution of new characters; Modern Concept of Gene—traces
origins of the concept and compares work done by Mendel with recent research on genes at a molecular level;
Human Genetics—describes the branch of genetics that deals with the inheritance of human traits and also
discusses how mutation causes diseases or genetic defects in human beings and their transmission to the off-
spring; Cytoplasmic Inheritance—explained as the mode of inheritance under control of the plasma genes
and a comprehensive differentiation from Mendelian inheritance has also been presented; Nucleic Acid—de-
scribes nature, types and functions in living organisms; and Protein Synthesis—explained as the expression
of characters in all living organisms under the precise control of the genetic material.
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Further, Genetic Code—explained through codons and coding processes; Gene Regulation—discusses
the activation and suppression of genes at different times; Human Genome Project (HGP)—describes its
scale, beginnings and outlook; Immunogenetics—discussed as a branch of molecular genetics concerned
with the relation between immunity and genetic factors in diseases along with its numerous applications;
Genetics of Cancer—discusses symptoms, causes and treatment of cancer; Prions—describes structure and
functions and their ability to cause fatal diseases; Transposons—discusses structure, use, role in gene regu-
lation and related genetic diseases; Apoptosis—explained as programmed cell death, and discusses occur-
rence and result, especially in patients suffering from AIDS; Genetics of Ageing—described as a universal
phenomenon, and covers its occurrence, progression, causes of ageing (including genetic causes) and related
diseases; Genetic Engineering—clucidated as a highly specialised technique, discussing the process and
the resultant ‘recombinant DNA’ in detail and its use in isolation and cloning; and Genetics of Bacterio-
phages—discusses nature and use, especially for engineering genes through gene cloning.

Online Learning Centre

For further interesting resources and supplements, please visit http://mhhe.com/pandey/cgmg/vol2
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CYTOLOGY

Introduction
Cell Biology deals with the study of cells. It is also known as Cellular Biology or Cytol-

ogy.

Important Events/Discoveries in Cell Biology

1595
1665
1674
1772
1781
1833
1835
1838
1839
1840
1841
1856
1857
1858

1866

1861
1873
1875
1879
1881
1882
1882
1882
1883
1884
1885
1886

Jansen discovered the first compound microscope.

Robert Hooke described cells in a cork.

Leeuwenhoek discovered Protozoa and saw bacteria some nine years later.
Alfsno Corti observed living matter in cells.

F Fontana discovered nucleolus in the skin cell of an eel.

Brown described cell nucleus in the cells of an orchid.

Dujardin named living matter in cells as sarcode.

Schleiden and Schwann proposed the cell theory.

Purkinje named jelly-like substance in cells as protoplasm.

Albrecht von Roelliker pointed out that sperm cells and egg cells are also cells.
Robert Remark described amitotic cell division in the RBC of a chick’s embryo.
N Pingshem observed how a sperm cell penetrates an egg cell.

Kolliker described mitochondria.

Rudlof Virchow gave his conclusion Omnis cellula e cellula, that is, cells de-
velop only from pre-existing cells.

Haeckel established that the nucleus is responsible for storing and transmitting
hereditary characters.

Schultzee proposed the protoplasm theory.

Anton Schneider described chromosomes.

Van Beneden observed centrioles.

Flemming described the behaviour of chromosomes during mitosis.
Balbiani discovered giant salivary gland chromosomes.

Knock identified bacteria.

Flemming described cell division (mitosis).

W Pfitzner discovered chromomeres.

Schimper named chloroplasts.

Mobius first discovered structures that were later named cell organelles.
Hertwig and Strasburger described the role of nucleus in heredity.
C A Mac Munn discovered cytochrome.

......
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1888
1898
1898
1902
1905
1906
1912
1924
1931
1931
1938
1938
1939
1945
1952
1952
1953
1955
1957

1963

1965
1972
1974
1976
1976

1978
1981
1997
1998
1999
2001
2007

Benden discovered centrosome.

Golgi discovered Golgi apparatus.

Waldeyer described chromosomes.

Mc Clung discovered sex chromosomes.

Farmer coined the term meiosis.

M Tswett discovered chromatography.

A Carrel discovered the technique of tissue culture.

A Feulgen developed the test for identifying DNA in the cell.

W H Lewis discovered pinocytosis.

Ruska build the first Transmission Electron Microscope.

T Svedberg developed the technique for ultracentrifugation.

Behrens used differential centrifugation to separate nuclei from cytoplasm.
First commercial transmission microscope was produced by Siemens.
K R Porter discovered endoplasmic reticulum.

De Duve identified lysosomes.

Grey and co-workers established a continuous cell line.

Watson and Crick proposed the structure of DNA.

Nutritional need of animal cell was defined by Eagle.

Meselson, Stahl and Vinogard developed density gradient centrifugation in cesium chloride solution
for separation of nucleic acids.

Chance and Parsons, Smith and H Fernandez—Moran discovered elementary particles in the mito-
chondrion.

Cambridge instruments produced the first commercial scanning electron microscope.
Singer and Nicolson proposed the fluid mosaic model.

Claude and Palade described the ultra structure of a cell.

Keith et al. described the microtrabecular system in the cytoplasm.

Sato and coworkers described that different cell lines have different requirements of a mixture of
hormones and growth factors in serum-free media.

Mitchell discovered chemiosmotic mechanism of ATP synthesis.

Transgenic mice and fruitflies were produced and mouse embryonic stem cell line was established.
First sheep cloned.

Mice cloned from stem cells.

Hamilton and Baclcombe discovered SiRNA as post-transcriptional gene silencing in plants.

Hunt and Nurse discovered cell cycle regulation by cyclin and cyclin-dependent kinase.

Craig venter made synthetic chromosome.

Some Facts about Cells

e Cell is the structural and functional unit of life.
¢ The term cell was coined by Robert Hooke (1665).
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Robert Hooke was a mathematician and physicist.
Robert Hooke actually observed empty cell walls of dead plant tissue under a microscope.
He published his work in the form of a book named ‘Micrographia’ in London.
AV Leeuwenhoek (1683) was the first to observe free cells (Protozoa, bacteria, sperms and erythrocyte).
Alfosno Corti (1772) observed living matter in cells.
F Fontana (1781) discovered nucleolus in the skin cells of an eel.
Robert Brown (1831) discovered nucleus in the cells of an orchid root.
F Dujardin (1835) named living matter in cells as sarcode.
The jelly-like substance of cells was named as protoplasm by J E Purkinje (1839).

Characteristics of Cell

Cell is the smallest unit of life.

All cells have common ancestry.

All cells have similar physical and chemical composition.

Each cell may exist independently or as an integral part of an individual.
Cells are capable of self-division and self-regulation.

Each cell has its own metabolism.

Cells are units of physiological activities.

Cells contain genetic information and are the means to use it.

Each cell has a definite lifespan.

Life is not possible without cells.

Cells are responsible for transferring life from one generation to the other.
An organism lacks an activity which is not expressed by its cells.

Cells have the ability to respond to stimuli.

Each cell is totipotent, i.e., capable of forming an entire organism.

Cells taking part in protection are without protoplast (e.g., skin surface cells and cork cells).
In the human body, there are 260 types of cells.

Humans have 100 trillion cells.

Damaged or infected cells are destructed by apoptosis.

Size

The size of cells is variable.
Smallest cell is that of PPLO (Pleuro Pneumonia-Like Organism) while the egg of an ostrich is the largest
cell.
The size of a typical cell is 10 pm and its mass is 1 ng.
The size of a cell is controlled by the:
(a) Nucleo-cytoplasmic ratio
(b) Ratio of cell surface to the cell volume
(c) Rate of the metabolism

Shape

The shape of the cell may be:
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* Variable (constantly changing) (e.g., Amoeba and leucocytes)
* FElongated (e.g., nerve cells)

* Spherical (e.g., eggs of many animals)

* Cuboidal (e.g., thyroid gland)

* Discoidal (e.g., RBCs)

* Flattened (e.g., squamous epithelium)

* Branched (e.g., pigment cells of the skin)

Cell Theory

¢ Cell theory was given by Schleiden and Schwann (1838).
* According to cell theory:

(a) Cellis the structural unit of life

(b) Body of living organisms is made up of cells
¢ Rudlof Virchow (1855) pointed out that new cells arise from pre-existing cells.
¢ Louis Pasture gave experimental prove that life originates from existing cells.
* Viruses are an exception to cell theory.

Types of Cells

Basically, there are two types of cells — prokaryotic cells and eukaryotic cells. The basic differences between
prokaryotic and eukaryotic cells are given below.

Table 1
/S. No. Feature Prokaryotic cell Eukaryotic cell h
1 Size Generally 1-10 pm Generally 10—-100 pm
2 Organisation Generally unicellular Generally multicellular
3. Cell wall Present in most cells (Noncellulosic) Present in plants (cellulosic)
4 Nuclear membrane Absent Present
5 Nucleolus Absent Present
6 DNA Naked Combined with histone
7 RNA polymerase Sensitive to rifamycin Nonsensitive to rifamycin
8 Mitotic apparatus Absent Present
9 Cellular organelles Lack membrane Bound with membrane
10. Mitochondria Absent Present
11. Endoplasmic reticulum  Absent Present
12. Chloroplast Absent Present in plant cells
13. Ribosomes 70S 80S
14. Lysosomes Absent Present
15. Centrioles Absent Present

\_ Contdj
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Table 1 Contd.

. N\
16. Microtubules Absent Present
17. Vacuoles Absent Present
18. Cardiolipin Present Absent
19. Cyclosis Absent Cyclosis is common
20. Flagella Single stranded Flagella are 11(9+2) Stranded
21. Division Amitosis Mitosis or meiosis

S J

Table 2 Differences between Animal and Plant Cells

("S.No.  Feature Plant cell Animal cell )
1. Shape Rigid Irregular
2. Cell wall Present Absent
3. Nucleus Peripheral Central
4. Plastid Present Absent, except in few Protozoans
5. Vacuoles Large, central Small
6. Centrosome Absent Present
7. Glyoxysomes Absent Present

G J

Cell Organelles
Protoplasm

* Protoplasm is the living substance of which a cell is made.

¢ It includes all parts of a cell.

¢ Itis a transparent and jelly-like material.

¢ Huxley has defined protoplasm as the physical basis of life.

* O Hertwig (1892) proposed protoplasmic theory which states that living matter of plants and animals is
the protoplasm.

* Protoplasm is divided into cytoplasm and nucleoplasm.

¢ Carbon, hydrogen, nitrogen and oxygen are the main constituents of protoplasm.

* Protoplasm contains both inorganic and organic substances.

¢ Inorganic substances include water that forms 90 per cent of the protoplasm and mineral salts like sodium
chloride and gases like oxygen and carbon dioxide.

¢ Organic substances include proteins, carbohydrates, lipids, nucleic acid and enzymes.

¢ It has ability of nutrition, respiration, excretion, reproduction, metabolism and growth.

¢ It shows irritability and conductivity.

¢ It is heavier than water.

e [ts viscosity is more than water.

¢ It contains positively (+) and negatively (—) charged particles.
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Plasma
Membrane ~ Cell Wall

Cyloplasmic
Inclusioris

Polysom T '\ mHNA
Mesosome | Ribosome
DNA
Fig. 1 Structure of a typical prokaryotic cell
Agranulated (smooth)
Endoplasmic Reticulum Cilium

Microvilli

Secretion
Vesicle

Desmosome

Lysosome
Golgi Complex

Centriole
Nuclear Pore

Nucleolus
Granulated (rough)
Endoplasmic Reticulum

Chromatin

Ribosomes
Membrane Fold

/Plasma Membrance

=+—Basal Membrane

Fig. 2 j Structure of an eukaryotic (animal) cell

* Protoplasm is colloidal in nature.
The colloidal particles of protoplasm may exist both as sol and gel states.

The movement of molecules of protoplasm is known as the Brownian movement.
The substances formed by protoplasm are known as ‘Deutoplasm’.
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Cell Wall

e Cell wall is a rigid or semirigid envelope lying outside the cell membrane of plants, fungal and most of
the prokaryotic cell.

e It is the cell wall that provides the most remarkable difference between plant cells and other eukaryotic
cells.

¢ The cell wall is outside the protoplast and is thus part of the apoplast.

¢ It provides structural support, protection and also acts as a filtering device.

* Most of the carbon in the terrestrial ecosystem is located in the cell walls of plants.

¢ In plants, it is made up of cellulose and often lignin; in fungi, it is composed mainly of polysaccharides;
in bacteria, it is composed of peptidoglycan. Generally, diatoms have a cell wall composed of silicic acid.

* The cell wall consists of middle lamella, primary wall and secondary wall. Often a tertiary cell wall is also
present.

(a) Middle Lamella
* It is an extra or the outermost component that is formed between adjacent cells during cell
division.
* It is made up of calcium and magnesium pectate compounds.
e Itis viscous and acts as a cementing material between adjacent cells.

(b) Primary Cell Wall
* A primary cell wall is generally thin, flexible and extensible layer, formed while a cell is growing.
* The cellulose in the primary wall is stabilised by hydrogen bonds.

* The cellulose molecules form long chains that are cross networked with polysaccharides units
called pectin.

(c) Secondary Wall
e As the cell matures, it lays down an inner secondary wall layer.
* The secondary wall is just inside the primary wall.
* Itis approximately 5—10 pm thick.
* It has an additional compound called lignin which makes cell walls waterproof.
* It is more rigid than the primary cell wall.
e It gives additional support to plants.
e It is the main defence against harmful microbes like fungi or bacteria.
* Secondary wall is the main constituent of the wood.
* Insome cases, a tertiary wall is present beneath the secondary wall as in the gymnosperm tracheids.
It is very thin and is composed mainly of hemicellulose xylan. It lacks cellulose microfibrils.

Plasmodesmata

* Primary wall contains small pores through which cytoplasm of adjacent cells communicate by means of
small cytoplasmic channels. These small cytoplasmic channels are called plasmodesmata.

* Majority of plasmodesmata contain a narrow tube-like structure called ‘desmotubule’ which is formed
from endoplasmic reticulum of the connected cells.

* Plasmodesmata are typically formed during cell division.

¢ Plasmodesmata are approximately 50-60 nm in diameter.

¢ A typical plant cell may have 103—-105 plasmodesmata.
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Plasmodesmata allow free movement of small metabolites as well as growth hormones between cells.

Due to presence of plasmodesmata and intercellular spaces, the plant body is divided into two parts:

(a) Symplast: It is the living part of a plant body. It comprises protoplast bounded by a single plasma
membrane. It stores energy reserves.

(b) Apoplast: Apoplast is the nonliving part of a cell. It is external to the plasma membrane. It comprises
cell wall, spaces between cells and dead lumens. It stores bound water. Aqueous solution can move in
the apoplast and symplast.

Protoplast The mass of protoplasm present in a cell is called protoplast. It consists of plasmalemma and
everything inside it. Individual protoplasts are connected by plasmodesmata and comprise the symplast.

Cell Membrane

Every cell is surrounded by a thin and elastic membrane which isolates cytoplasm from the external envi-
ronment. This membrane is known as cell membrane.

This membrane is selectively permeable and is also known as plasma membrane or plasmalemma.

This membrane is not visible under light microscope.

Cell membrane is responsible for controlled entry and exit of ions like sodium, potassium and calcium.
This membrane is found both in prokaryotes and eukaryotes.

In bacteria, yeast and plants, this membrane is bounded by the cell wall.

Generally, thickness of this membrane is approximately 70—75A.

Chemically, this membrane is made up of lipid, protein and a little amount of carbohydrate.

The organisation of phospholipid, proteins and carbohydrate in the plasma membrane is described with
the fluid mosaic model.

Fluid Mosaic Model

According to this model, the cell membrane is a fluid mosaic of lipids, proteins and carbohydrates.
This model was proposed by Singer and Nicolson (1972). BEEEFIEIEId
In the cell membrane, there is a continuous layer of phos-

pholipid in which proteins are embedded. ono DOCO0O000N0000T CLOO
The phospholipids are arranged in a bilayer.

o
The polar hydrophilic phosphate heads face outwards and

their nonpolar hydrophobic fatty acid tails face each other in v

the middle of the bilayer. ool

The proteins are inserted in many ways forming a mosaic of -
proteins.

Proteins are of two types, viz., extrinsic (peripheral) and in-
trinsic (central). \
Extrinsic proteins are easily separable, whereas intrinsic Fig. 3@ Fluid mosaic model
proteins are not easily separable.

As there is rapid movement of protein and lipid molecules, so this membrane is considered to be highly
fluid.

The extracellular surface of a plasma membrane is covered with a carbohydrate group (oligosaccharides)
that forms a loose coat called glycocalyx.

==\ Protein Sterol
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Role of Lipids

* Lipid molecules play a role in maintaining fluid property of the membrane.

* Due to the absence of covalent bonds between the lipids in the bilayer, the cell membrane has fluidity.

¢ Generally, the flipflop movement of lipid molecules from one monolayer to the other is very rare. But the
exchange of places with their neighbours in monolayer takes place very rapidly resulting in lateral diffu-
sion.

¢ The double bonds in unsaturated hydrocarbons tend to increase fluidity of phospholipid.
¢ Inositol plays a role in cell signalling.

* Glycolipid assists in cell recognition.

* Sterol inhibits phase transition.

Role of Proteins

¢ Protein forms the main bulk of a cell membrane.

¢ Transport proteins help in the transport of specific substances across the membrane.

* Channel proteins form open pores through the membrane, allowing the passage of the molecules.
* Carrier proteins selectively bind and transport small molecules.

¢ Many proteins function as enzymes.

* Some peripheral proteins serve as anchor points for the cytoskeleton or extracellular fibres.

Role of Carbohydrates

¢ Oligosaccharides give a cell identity (i.e., distinguish self from nonself) and are distinguishing factor in
human blood types and transplant rejection.

¢ They help in maintaining asymmetry of a membrane.

¢ It has been suggested that oligosaccharides are negatively charged, so the positively charged protein may
remain bounded to a cell membrane due to electrostatic attraction.

Specialised Structure

¢ Plasma membrane is modified to form some specialised structures to perform various functions such as
absorption, fluid transport, electrical coupling, cell adherence, etc.

¢ These structures are microvilli (absorption), tight junctions, desmosomes (intercellular attachments), in-
terdigitations (increase adherence and surface area for exchange of materials) and gap junctions (intercel-
lular communications).

* Tight junctions serve to seal intercellular spaces.

Function

¢ Plasma membrane provides shape to the cell as well as protection to cytoplasmic organelles.

* It permits movements of certain substances in and out of the cell.

¢ The transportation of molecules across the membrane takes place by active or passive transport.
¢ The plasma membrane contains specific sites which help in the recognition of specific hormones.
e It regulates fusion of the membrane with other membranes in the cell via specialised junctions.

¢ It provides special site for binding and catalysis of enzymes.

¢ It helps in the release of secretary products of the cell.
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* The in-folding of the plasma membrane in bacteria is called ‘mesosome’ which contains a chain of respira-
tory enzymes where the process of oxidative phosphorylation takes place.

* Plasma membrane provides a site for attachment of cytoskeleton filaments or components of extracellular
matrix.

Cytoplasm
It is the part of the cell between the cell membrane and the nuclear membrane.

¢ It consists of cytosol (matrix) and organelles.

* The cytosol is a transparent semifluid substance that is not held within organelles.

* Organelles are membrane-bound structures in a cell.

* Organelles are found embedded in the cytoplasm.

¢ Cell organelles have characteristic shape, specific chemical composition and functions.

* Cell organelles may be extra cytoplasmic (nucleus) or cytoplasmic (mitochondria, plastids, Golgi complex,
lysosomes, ribosomes, endoplasmic reticulum, centrosomes, cytoskeleton, cilia, flagella, etc.) structures.

¢ Cytoplasm is the medium for chemical reactions.

Cytoskeleton

¢ The internal framework of a cell that supports its organelles cell contents and assists their movement is
known as cytoskeleton.

¢ The cytoskeleton is composed of three types of fibrous components which are microtubules, microfila-
ments and intermediate filaments.

* The cytoskeleton also contains fibrous components called microtrabeculae.

* The three-dimensional structure of a cytoskeleton can be studied with the help of fluorescent labels or by
electron microscopy in fixed preparations.

(a) Microtubules

e Microtubules are filamentous intracellular structure, re-
sponsible for various kinds of movement in all eukaryotic
cells.

* They are one of the components of the cytoskeleton.

* Microtubules were discovered by de Robertis and Franchi
(1953) in the axoplasm of nerve fibres.

¢ Slautterback (1963) coined the term microtubules.

<« Protofilament

_\;\ {2)

, M‘ (b)

-

o Tubulin
,B Tubulin

* Microtubules may be labile structure (pseudopodia in g & :
Amoeba) or stable structure (those of cilia and flagella). @ el
* Microtubules are long, hollow tubular cylinders having an L2 7
outer diameeter of 250 A and a wall thickness of approxi- J )
mately 50 A. Fig. 4 @  (a) Three-dimensional model
* The transverse section of cytoplasmic microtubules shows of microtubule structure. (b)
13 sub-units (profilaments) which lie parallel to the long Cross section of microtubule
axis of microtubules. consisting of 13 sub-units (c)

Helical structure of micro-
tubule consisting of o and 3
tubulins.

* The profilaments are made up of alpha and beta tubulins
which are arranged alternately.
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The basic arrangement of tubulin appears to be helical with 13 tubulin molecules per turn of the helix.
Microtubules exhibit rapid assembly and disassembly at their ends.

Ca**, Mg** and calmodulin-bound microtubular-associated protein are required for assembly.
Colchicine prevents assembly of microfilaments.

Microtubules provide shape to the cell.

Microtubules function as an ‘intracellular engine’.

(b) Microfilaments

Microfilaments are fine unbranched proteinaceous structures which are generally arranged in bundles.
Microfilaments are found in all eukaryotic cells.

The thickness of microfilaments is approximately 6-10 nm and their length may be indefinite.

A microfilament has a beaded appearance.

Actin and myosin are the main constituents of microfilaments.

Growth of microfilaments occurs through aggregation of actin molecules by nucleation.
Microfilaments assist in cytokinesis in animal cells, help in the movement of microvilli and cause
formation and retraction of pseudopodia.

(¢) Intermediate Filaments

Intermediate filaments are unbranched and noncontractile structures having a diameter of 100A.
They are intermediate between microtubules and microfilaments.
They disorganise during cell division and organise again after cell division.

They are found in several types of cells such as nerve cells, neuroglial cells, fibroblasts and epi-
dermal cells.

They maintain the shape of the cell.

Depending on their biochemical composition and distribution, they show considerable tissue speci-
ficity. Their five major classes have been recognised:

1. Keratin-containing Intermediate Filaments

» They are generally known as cytokeratins.
* They are synthesised in living layers of epidermis.
* They connect cell membrane with desmosomes.

2. Glial Filaments

* They are present throughout the cytoplasm and are formed of acid protein.

3. Neurofilaments

e They are formed of three polypeptides.
* They form loose bundles of 100 A which run parallel to the nerve axon.

4. Desmin-containing Filaments

* Desmin filaments are characteristics of all types of muscle cells (cardiac, smooth and skeletal).
e They are composed of desmin protein.
e They are concentrated in Z lines.

5. Vimetin-containing Filaments

* They are present in most cells of the body.
* They are wavy and made up of single polypeptide.
* They provide support to the nucleus and keep it in position.
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Microtrabecular System

* Keith et al. (1976) described the microtrabecular system in cytoplasm.

e Ttis also termed as microtrabecular lattice.

¢ The microtrabecular filaments are 2-3 nm in diameter and 300 nm long and are made up of actin.
* Microtrabecular filaments form a link with all cell organelles, microtubules and microfilaments.

¢ They establish a true link between cytoskeleton components.

Plastids

* Plastids are large cell organelles found only in autotrophic cells.
e The term ‘plastid’ was coined by Schimper (1885).
¢ They are generally spherical or ovoid in shape.
¢ All plastids are derived from proplastids.
* They can be easily seen through a light microscope.
* Once formed, one type of plastids can be converted into other types.
* There are three types of plastids:
1. Leucoplasts
e Leucoplasts are colourless plastids.
e They are abundantly found in the cells of fruits, seeds, tubers and rhizomes.
e They store nutrients.
(a) Amyloplasts: Store starch
(b) Elaioplasts: Store fat
(c) Aleuroplasts: Store protein
2. Chromoplasts
e Chromoplasts are red, yellow or orange in colour.

Proplastids
(Undifferentiated Colourless)

Plastids

Leucoplast

Chloroplast Chromoplast
Green Chlorophyll  Red and Yellow Pigments Amyloplast
Pigments (Carotenoids, Xanthophylls)

Found in petals and fruits Proteinoplast

| Elaioplast
Fig. SB

e Their colour is due to the presence of two pigments, viz., carotene and xanthophylls.
e They are found in petals of flowers and fruits.
3. Chloroplasts
e Chloroplasts are the second largest and semi-autonomous cell organelle found in plant cells and
other eukaryotic organisms that conduct photosynthesis.
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e Chloroplast converts light energy (from the sun) to chemical energy via the process of photosynthesis.

e The shape, size and volume of chloroplasts are altered by sunlight.

e The main pigment located in chloroplasts is chlorophyll.

e In green plants, there are two types of chlorophyll, viz., chlorophyll ‘a” and chlorophyll ‘b’.

e In chlorophyll ‘b’, one of the methyl groups of chlorophyll ‘a’ is replaced by a formyl group.

e Chlorophyll contains Mg** and has four pyrrole rings.

e Chloroplasts are surrounded by an outer membrane and an inner membrane, separated by an inter-
membrane space.

*  The outer membrane of chloroplasts is freely permeable to small molecules.

»  The inner membrane of chloroplasts is impermeable to small molecules, even to H.

e The inner membrane contains many translocators that regulate the passage of substances in and out
of the chloroplast.

Granum Lamellae

Stroma Lamellae

Ribosomes
70S-type

DNA

Membrane

Fig. 6 Sectional view of plant chloroplast

e The fluid inside the inner membrane of the chloroplast is called stroma.

*  Stroma contains ribosomes, circular DNA, RNA and soluble enzymes of Calvin cycle. It also con-
tains ribulose biphosphate carboxylase (RuBPCarboxylase).

e Within the fluid there is an interconnected system of stacks of discs and each sac is called thylakoid.

e Thylakoids are the structural and functional components of the chloroplast.

*  Thylakoids are the sites of photosynthesis. Their membranes contain all the enzymes required for
photosynthesis.

* Interaction between chlorophyll, electron carriers, coupling factors and other components takes
place within the thylakoid membrane.

e A stack of thylakoids is called granum.

e The inner surface of the thylakoid membrane bears small spherical structures called quantasomes.

*  Quantasomes are photosynthetic units.

*  Quantasomes consist of two photosystems called PS-I and PS-II, containing approximately 300
chlorophyll molecules. Cytochromes b and f as well as ATP synthetase are present.

e It has been suggested that chloroplasts may have originated from endosymbiotic cyanobacteria.
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Mitochondria

* Mitochondria are the most important cell organelle present in all eukaryotic cells.

* They are descendents of a free-living bacterium and occupy 20 per cent volume of the cytoplasm.

* Mitochondria are the chief site of cellular respiration and oxidative phosphorylation.

* Mitochondria were first observed by Kolliker (1850).

* Flemming (1882) named them as fila, whereas Altmann (1892) called them bioblasts.

* Benda (1897) gave the term mitochondria (Mito-thread; chondrion-granule).

* Michaelis (1905) stained them with Janus Green B.

¢ Kingsburry (1912) pointed out that mitochondria are the site of cellular respiration.

¢ Palade and Sjastrand (1940—-1950) studied the fine structure of mitochondria.

* In animal cells, mitochondria are the second largest organelle, whereas in plant cells it is the third largest
organelle.

* Mitochondria are semi-autonomous cell organelle.

* Mitochondria are the cell organelle containing electron transport chain.

* The lifespan of mitochondria is 5-10 days.

¢ Mitochondria are absent in prokaryotes and mature mammalian erythrocytes.

¢ The number of mitochondria varies from individual to individual and even in different cells of the same
individual.

* There are more mitochondria in the cell where metabolic activities take place.

* In Micromonas and Trypanosoma, there is only one mitochondrion. There are 20-24 mitochondria; in
sperm; 300—400 in kidney cells; 1,000—1,600 in liver cells and approximately 5,00,000 in the flight mus-
cles of insects.

* The number of mitochondria in a cell can increase by fission (following mitosis) and decrease by their
fusing together. Defect in either process can produce serious, even fatal illnesses.

¢ The shape of mitochondria is variable. Generally, the shape of mitochondria is sausage-like.

* The size is also variable. Generally, the length of mitochon-
dria is approximately 1.5-10 um, whereas diameter is ap-
proximately 0.25-1 pm.

¢ Mitochondria are covered by a double membrane called
outer membrane and inner membrane.

* Outer membrane is permeable to many metabolites.

¢ QOuter membrane contains a protein called porin and has low

o \
f f“ \\, Granule |nner Membrane

? Sub-units (oxysom)
Mitoribosomes

Cytosol or C-face of
Cristae Membrane

Matrix or M-face of
Cristae Membrane

content of cardiolipin as well as carrier proteins.
The inner membrane contains five complexes of integral
membrane proteins:

(a) NADH dehydrogenase (Complex I)

(b) Succinate dehydrogenase (Complex II)

(c) Cytochrome c reductase (Complex III)

(d) Cytochrome c oxidase (Complex IV)

(e) ATP synthase (Complex V)
Space between the outer and inner membranes is called the
outer chamber.

1 “DNA

-+ ——Quter Membrane

| —— Perimitrochondrial Space
Inner Membrane or

cristae Membrance

Cristae
Matrix Space

Fig. 7@ Sectional view of mitochondrion
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* Space enclosed by the inner membrane is called the inner chamber.

¢ The inner chamber contains a jelly-like substance called matrix. In matrix, 70S ribosome and circular
DNA are present. Enzymes of Krebs cycle are also present in the matrix (except succinate dehydrogenase).

¢ The inner membrane bears many finger-like projections called cristae.

¢ Each crista has two faces called M (matrix) face and C (cytoplasmic) face.

¢ The shape of cristae is variable and the number of cristae is directly associated with the efficiency of mi-
tochondria.

* The inner membrane contains many stalked particles called elementary particles or sub-units of Fernande—
Moran or F~F, complex.

¢ FEach elementary particle consists of a head, a stalk and a base.

* The head is approximately 75-100 A in diameter, the length of stalk is approximately 50 A and the size
of base is 40 x 110 x 115 A.

* The space between two elementary particles is approximately 100 A and the number is approximately
104-105 per mitochondrion.

¢ Chemically, the head is made up of ATPase, stalk of oligomycin sensitivity protein (OSCP) and base of
proton channel.

¢ Chemically, mitochondrion is made up of protein and lipid. Besides, it also contains enzymes of respira-
tory chain complex.

Mitochondrial DNA (mtDNA)

* The first mitochondrial DNA was isolated from chicken in 1966.

* Mitochondria contain 5-100 copies of DNA molecules.

* Mitochondrial DNA is circular or linear.

* Mitochondrial DNA is more stable and of higher density than nuclear DNA.

* Mitochondrial DNA is rich in guanosine—cytosine base.

* There are only 16,596 bases in human mtDNA.

* Mitochondrial DNA does not follow the usual rule of genetic inheritance.

¢ Mitochondrial DNA is inherited only from the mother.

* Mutations in mt genes may lead to diseases.

* Some of the diseases known to be associated with mtDNA are Parkinson’s disease, Huntigton’s disease,
Leber’s optic neuropathy and Kearns—Sayre syndrome.

¢ mtDNA plays a role in ageing.

Origin There are three views regarding the origin of mitochondria:
(a) Origin from various cell membranes
(b) By division of fully formed mitochondria
(c) de novo origin

Endoplasmic Reticulum

¢ Branching off and continuous with the outer membrane of the nucleus, there is a double-walled space
which is zigzag throughout in the cytoplasm. This is called endoplasmic reticulum.

¢ The term ‘endoplasmic reticulum’ was coined by Porter (1953).

* Endoplasmic reticulum is found in all eukaryotic cells except mature mammalian erythrocytes.
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¢ It forms 30-60 per cent of the total endomembrane system.

* In muscle cells, the endoplasmic reticulum is known as the sarcoplasmic reticulum, which is mainly con-
cerned with storage and release of Ca*.

¢ Endoplasmic reticulum of retinal cells is called myeloid bodies.

¢ Endoplasmic reticulum is both mobile and elastic.

¢ Structurally endoplasmic reticulum consists of cisternae, vesicles and tubules.

¢ Cisternae are flattened, tubular structures arranged parallel to each other. They are connected with each
other and are more abundant in rough endoplasmic reticulum.

* Vesicles are oval to rounded structures and abundant in secretary cells.

¢ Tubules are unbranched or branched structures and abundant in cells synthesising lipids.

* Endoplasmic reticulum is of two types, viz., rough endoplasmic reticulum and smooth endoplasmic
reticulum.

Vesicles

Cisternae

Tubules

Jd
Fig. 8 J Components of endoplasmic reticulum

Table 3
("S. No. Rough Endoplasmic Reticulum (RER) Smooth Endoplasmic Reticulum (SER) )
1. It is also known as granular endoplasmic It is also known as agranular
reticulum. endoplasmic reticulum.
2. It bears ribosomes. It lacks ribosomes.
3. It contains ribophorins. It lacks ribophorins.
4. Cisternae are abundant. Tubules and vesicles are abundant.
\5' It is involved in the synthesis of protein. It is involved in the synthesis of lipids. y

¢ Endoplasmic reticulum provides mechanical support to the cells as well as forms a nuclear envelope.
* SER contains cytochrome P-450 which detoxifies pollutants, carcinogens, drugs, etc.

Ribosomes

* Ribosomes are ribo-nucleo-protein particles and one of the smallest nonmembranous cell organelle.
¢ They are so named due to presence of high amount of RNA.

* They are popularly known as the ‘protein factory of the cell’.

* Ribosomes were first seen by Claude (1941) who called them microsomes.
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e Palade (1958) coined the term ‘ribosomes’.

* Ribosomes are found both in prokaryotes and eukaryotes.

* Ribosomes are also known as organelle within organelle as they are also found in mitochondria and chlo-
roplasts.

* They may be found either in a free state or attached to cytoplasmic membranes like endoplasmic reticulum.

* The average size of ribosomes is approximately 150-200 A.

¢ The number of ribosomes is high in cells involved in protein synthesis (pancreatic cells, liver cells, etc.).

¢ Each ribosome has two functional sites, viz., ‘A’(amino acyl) site and ‘P’ (peptidyl) site. The ‘A’ site re-
ceives tRNA while ‘P’ site binds with the growing polypeptidal tRNA.

¢ Basically there are two types of ribosomes, viz., 70S and 80S.

¢ The main differences between 70S and 80S ribosomes are as follows:

Table 4
(. No. 708 80S 3
1. Distribution Prokaryotes, mitochondria, chloroplasts ~ Eukaryotes
2 Size Smaller Larger
3. Molecular weight 3 million 4-5 million
4 Sub-units Smaller sub-unit of 30S and Smaller sub-unit of 40S
larger sub-unit of 50S and larger sub-unit of 60S
5. RNA 3 molecules 4 molecules
30S sub-unit- 16S 40S sub-unit — 18S
50S sub-unit — 23S and 5S 60S sub-unit — 28S, 5.8S and 5S
6. Nuclear proteins 30S - 21 40S - 33
50S - 31 60S —49
7. Total protei 50-60 70-80
’ otal proteins )

The association and dissociation of two sub-units of ribosomes depend on Mg** ion concentration.
In prokaryotes, biogenesis of ribosomes occurs in the cytoplasm, whereas in eukaryotes it occurs in the

nucleolus.

Ribosomes are the site of protein synthesis.

Lysosomes

Lysosomes are tiny cell organelles of eukaryotes which are popularly known as the ‘suicidal bags’ of the
cell due to their autolysis activity.
Lysosomes have been described as the ‘recycling centre’ because they free the metabolites from the worn
out cell organelles by digesting them.
In many organisms, lysosomes are involved in programmed cell deaths.
The term ‘lysosome’ was coined by de Duve (1955).
Lysosomes are rich in hydrolytic enzymes and are bounded by a single membrane.

These enzymes are capable of digesting nucleic acids, polysaccharides, fats and proteins.

Most of the enzymes of lysosome work in acidic medium.

Lysosomes are stable in living cells.
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¢ The lysosomal membrane is resistant to enzymes enclosed by it.

* Cholesterol, cortisone, cortisol and heparin act as membrane stabilisers for lysosomes, whereas steroids,
sex hormones and lipid-soluble vitamins (A, D, E and K) act as membrane labilisers.

* Lysosomes show polymorphism. The four different types of lysosomes are:
(a) Primary Lysosomes: They are also known as storage granules and contain digestive enzymes.

Plasmalemma
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Ribosomes l
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Fig. 9 E Polymorphism in lysosome

(b) Secondary Lysosomes: They are also known as heterophagosomes and are formed by the fusion of
primary lysosome and engulfed materials.

(c) Autophagic Vacuoles: They feed on their own cell organelle.
(d) Residual Bodies: They contain undigested materials.
The various forms of lysosomes are due to different stages of digestion of a particle.

Malfunctioning of lysosomes causes a large number of diseases in humans such as Tay—Sachs disease,

Nieman-Pick disease, Farber’s disease, Hunter’s syndrome, Hurler syndrome, Scheic syndrome, San-
filippo syndrome, etc.

* Lysosomes are involved in extracellular as well as intracellular digestion.

Urigin Primary lysosome originates from the Golgi complex.

Microbodies

* Microbodies are diverse group of organelles found in cytoplasm of almost all cells.
* Microbodies are roughly spherical structures bound by a single membrane.

¢ They have the ability to absorb oxygen to carry out direct oxidation.

* Rohdin (1954) coined the term ‘microbodies’.

Microbodies are mainly of two types, viz., peroxisomes and glyoxysomes.
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Peroxisomes

Peroxisomes are oval-to round-shaped microbodies and found in all eukaryotic cells.

The diameter of peroxisomes is approximately 0.5—1 pm.

They are self-replicating bodies and bud off from the endoplasmic reticulum.

Like mitochondria, peroxisomes are the major site of oxygen utilisation.

They contain oxidative enzymes such as catalase and urate oxidase.

Peroxisomes use molecular oxygen and hydrogen peroxide to perform oxidative reactions.
In photosynthetic cells, they are involved in photorespiration.

In animal cells, they perform lipid metabolism.

Peroxisomes protect cells from the toxic effect of hydrogen peroxide.

They are numerous in liver and kidney cells.

Absence or reduced number of peroxisomes result in a serious disease called Zellweger syndrome.

Glyoxysomes

Glyoxysomes are specialised form of peroxisomes found in some plant cells, especially in the cells of
germinating seeds and filamentous fungi.

They are oval, rounded or polygonal microbodies having a diameter of approximately 0.5-1 pum.

They were first discovered and named by Briedenbatch (1967).

Glyoxysomes contain enzymes for beta oxidation of fatty acids and glyoxylate cycle.

They are involved in gluconeogenesis.

Spherosomes

6

Spherosomes are the smallest cell organelle.

They are spherical structures found in some plant cells.

They have a diameter of approximately 0.5—1 um with a single membrane boundary.
They have fairly granular matrix containing triglycerides.

Spherosomes are abundant in cells in which lipids are stored.

They contain hydrolytic enzymes.

They originate from the endoplasmic reticulum.

olgi Complex

Golgi complex is the cell organelle which exhibits structural variation and is primarily related with the
cell secretion.

It was first reported by the Italian neurologist Camillo Golgi (1898) in the nerve cell of barn owl.

Golgi forms a part of the endo-membrane system and constitutes 2 per cent of the total cytoplasmic vol-
ume.

Golgi complex is found in all the eukaryotic cells. They are lacking in prokaryotic cells, mature mamalian
RBCs and sperms.

The shape and size of Golgi complex are variable and depend on the physiological condition of the cells.
Golgi complex is well developed in secretary cells.
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* The specific density of Golgi complex is
less than that of mitochondria and endoplas-
mic reticulum.

* The ultra structure of Golgi complex has
been studied by Dalton and Felix (1954) in

Golgi Complex
Cistemae (Lamellae

~

the epididymis of rat. Large Secretory 2 // -~ Vesicles
* Golgi complex is made up of three compo- Granule |
nents: \. Q

(a) Cisternae 1
e These are flattened tubular sac-like Fig. IOﬁ Ultrastructure of Golgi complex
structures which occur in stacks.
e These are the most constant element of the Golgi complex.
» Each cisternae has two faces, viz., forming face (F-face) and maturing face (M-face).
e These two faces differ in the staining property.
¢ Cisternae lack ribosomes.

(b) Vacuoles
* Vacuoles are large rounded clear structures which are formed by the cisternae.
(c) Vesicles

e These are small droplet-like structures having a diameter of 4,000-8,000 A and are formed by the
cisternae.

¢ Golgi complex is surrounded by a clear zone of exclusion in which mitochondria, ribosomes, plas-
tids and granules are lacking.
* Chemically, Golgi complex is made up of proteins and lipids. Besides, it also contains many en-

zymes.

* Golgi complex is formed from:
(a) Plasma membrane (b) Endoplasmic reticulum
(¢) Nuclear membrane (d) Annulate lamellae

* Golgi complex is involved in the synthesis, packing and secretion of many substances.
* Golgi complex helps in cytokinesis.

Centrosome

¢ It is a thin, clear and homogenous structure located outside the nucleus.
¢ Centrosome is also called the ‘microtubule-organising centre’.
¢ Centrosomes are the self-regulating bodies and form astral ray and spindle during cell division.

* Centrosome was discovered by Edouard Van Benden (1888) and the term ‘centrosome’ was coined by
T Boveri (1888).

¢ Centrosome is lacking in prokaryotes, Amoeba and seed plants.

* Each centrosome consists of two centrioles called diplosomes.

¢ The clear cytoplasmic area around centrioles is called the centrosphere.

* Centrioles are cylindrical bodies lying perpendicular to each other.

* The wall of the centriole consists of parallel tubular structure.

¢ The cylinders are formed by nine groups of microtubules and each group contains three microtubules.
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The microtubules are made up of tubulin protein.
The centrioles are morphologically identical to the basal bodies.
Replication of centrosome takes place in the late S phase or G, phase of the cell cycle.

Cilia and Flagella

These are hair-like projections protruding from the outer surface of the cell bounded by the cell membrane.
Cilium is the projection shorter than the cell, whereas flagellum is the extension larger than the cell.
Cilia are shorter but more in number, whereas flagella are longer but fewer in number in comparison to
flagella.

Cilia beat in a coordinated manner, whereas flagella beat independently.

They are found both in animal and plant groups.

A cilium or flagellum consists of three parts, viz., basal body, basal plate and shaft.

Basal body is embedded in the outer part of the cytoplasm below the cell membrane.

Basal body is a microcylinder structure consisting of microtubules having 9+2 arrangements.

9+2 arrangement is characteristic of eukaryotic cilia and flagella.

Cilia and flagella in prokaryotes (bacteria and cyanobacteria) lack 9+2 arrangement.

They contain tubulin, dynenin and nexin proteins. Dynenin has ATPase activity.

They help in locomotion, nutrition, respiration, circulation, excretion, etc. They also serve as sensory
structures.

Vacuoles

Vacuoles are fluid-filled small cavities bounded by a thin membrane called tonoplast.

They are a characteristic of plant cells.

They are special storage organs and maintain turgidity of the cell.

The vacuole sap contains gases, acids, sugars, salts, etc.

In lower organisms, contractile vacuole is present which assists in osmoregulation and excretion.
Anthocyanin (water-soluble pigment) is present in the cell sap of flower petals.

In a mature plant cell, all the small vacuoles unite to form a centrally located single large vacuole called
the central vacuole.

In mature animal cells, vacuoles are small and many in number.
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Nucleus

* Nucleus is the largest membrane-bound cell organelle which is known as the ‘master cell organelle’.
* It is the first organelle to be discovered.

¢ It is mainly concerned with the gene expression as well as replication of DNA.

* Nucleus was discovered by Robert Brown (1831) in the orchid root cells.

* Nucleus occupies approximately 10 per cent of the cell volume.

* Nucleus is found in all the eukaryotic cells (except mature mammalian erythrocytes and sieve tubes of
seed plants).

* Generally in a cell, there is only one nucleus (Amoeba). But there may be two nuclei (Paramecium) or
there may be many nuclei (Opalina).

* A typical nucleus consists of following components:

1. Nuclear Envelope
* Nucleus is surrounded by an envelope called nuclear envelope which isolates it from the cytoplasm.
e [tis a double-membrane structure called outer and inner nuclear membranes.
* These membranes are lipoprotein membranes.
* The outer membrane may contain ribosomes and is continuous with the endoplasmic reticulum.
* The outer membrane bears small pores called nuclear pores.
* FEach nuclear pore is surrounded by a ring-like structure called annulus.
* The pores and annuli together constitute the pore complex.
* Through nuclear pores, exchange of material occurs between the cytoplasm and nucleus.
* In between two membranes, there is a perinuclear space of approximately 10-70 nm.
* The inner surface of the inner membrane bears meshwork of fibrous protein called nuclear lamina.
* Nuclear lamina connects inner nuclear membrane with chromatin.
* Nuclear laminas regulate assembly and disassembly of nuclear membrane during cell division.
* Nuclear laminas are made up of three principal proteins, viz., laminas A, B and C.
* Nuclear membranes are impermeable to most molecules.
* Nuclear membranes disappear during late prophase and reappear during telophase.
2. Nucleoplasm
* Nucleus contains a jelly-like fluid called nucleoplasm.

Ribsome
Nucleolus
. h—»PerlnucIeoIar Cisternae

77 ~Chromatin Reticulum

Chromocentre

Euchromatin

Heterochromatln —
|

Fig. IZJ Ultrastructure of nucleus
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Nucleoplasm contains various enzymes involved in metabolic pathways as well as replication of
DNA and transcription of RNA.

Some proteins present in the nucleoplasm are involved in the regulation of chromatin structure
and function.

. Nucleolus

It is a large spherical structure present in the nucleoplasm.

It was discovered by Fontana (1728) and the term ‘nucleolus’ was coined by Bowman (1840).
Nucleolus contains 80 per cent proteins and 20 per cent mixture of DNA and RNA.

Nucleolus is formed by a special region of the chromosome called ‘Nucleolar Organiser Region’
(NOR).

In eukaryotes, nucleolus is the site of synthesis of ribosomes and its assembly.

A cell may contain up to four nucleoli, but within each species the number of nucleolus is fixed.
Nucleolus is renewed at each cycle.

4. Chromatin Fibres
¢ The thread-like filamentous structure present in the nucleoplasm is termed as chromatin fibres.
* Chromatin fibres are complex of DNA and proteins.
e Chromatin fibres are observed at interphase stage.
¢ During cell division, these chromatin fibres become short and thick thread-like structures called
chromosomes.
* Chromatin materials are of two types, viz., euchromatin and heterochromatin.
e The basic differences between euchromatin and heterochromatin are as follows:
Table 5§
('S. No. Euchromatin Heterochromatin )
1. It stains lightly. It stains deeply.
2. It is granular. It is fibrous.
3. It occurs in the diffused region. It occurs in the condensed region.
4. It is genetically active. It is relatively inert genetically.
5. It shows normal crossing over. The frequency of crossing over is less.
6. It replicates during early S-phase. It replicates during late S-phase.
7. It is found in the acetylated form. It is found in the non-acetylated form.
8. It does not exhibit heteropycnosis. It exhibits heteropycnosis.
9. It is less affected by temperature, It is more affected by temperature,
sex, age, etc. sex, age, etc.
Ne o,

Heterochromatin is of two types:

1.

Constitutive Heterochromatin

It is found in all cells and all stages of life cycle.

DNA of this type of chromatin is permanently inactive.
Constitutive DNA is highly repetitive.

It remains in condensed state throughout the cell cycle.
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e It is never transcribed.

* Most of the chromatin occurring around centromere, in the telomeres, in C bands of chromosomes

is constitutive heterochromatin.
Facultative Heterochromatin
* [t develops during the development of the organisms.
* It has no permanent condensation.

* It follows periodic dispersal and in dispersal state it is actively transcribed.

* It may have extrachromosomal inheritance.

¢ It results from the inactivation of one of the two X chromosomes in females.

Chromosome

Chromosomes are nuclear components having the power of self-duplication.

They carry all information for a cell to grow, thrive and reproduce.
They are popularly known as ‘hereditary vehicles’ as they carry
genetic information from generation to generation.

A chromosome is not visible in the nucleus when a cell is not di-
viding.

The term ‘chromosome’ was coined by Waldeyer (1898).

The shape and size of chromosomes are variable. However, the
size and number of chromosomes remain constant for a particular
species.

A typical eukaryotic chromosome consists of:

Chromonemata: These are filamentous thread-like structures.
They represent chromatids in the early stages of condensation.
Chromomeres: These are bead-like structures which are linearly
arranged on the chromosomes.

These are tightly folded regions of the DNA and more clearly vis-
ible in the polytene chromosome.

They are not visible during metaphase as the chromosome is tight-
ly coiled.

Chromatids

* A chromosome has two symmetrical structures at metaphase called chromatids which are held together

°

by the centromere.

Satellite

Secondary, *» Chromatid

Constriction

\|
Fig. 13 @  Generalised structure of a
eukaryotic chromosome

Chromatids from one mother chromosome are called sister chromatids and chromatids from two different

chromosomes are called nonsister chromatids.

Primary Constriction

It is a narrow and constricted area of the chromosome which contains the centromere.
Centromere is concerned with the movement of chromosomes during cell division.

Fibrils of microtubules attach to it during cell division.

Centromere contains a cup-like structure called kinetochore (0.20-0.25 um).
Kinetochore is the implantation site to which spindle microtubules are attached.
The position of centromere on the chromosome is fixed and determines the shape of the chromosomes.
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Depending on the position of centromere, a chromosome may be:
(a) Telocentric: Centromere is terminal in position.
(b) Acrocentric: Centromere is subterminal in position.
(c) Metacentric: Centromere is located in the middle of the chromosome.
(d) Submetacentric: Centromere is located slightly away from the middle point.

Chromatids Satellite

. .= —Secondary Constriction

il 11

Metacentric Submetacentric Acrocentric Telocentric

|
N

Fig. 14e  Different types of chromosomes according to position of centromere

Depending on the number of centromere, a chromosome may be:
(a) Acentric: Without centromere
(b) Monocentric: With one centromere
(c) Dicentric: With two centromeres
(d) Polycentric: With more than two centromeres
(e) Diffused: Centromeres are indistinct

Secondary Constriction

In addition to primary constriction, there is a secondary constriction.

The difference between primary and secondary chromosomes can be observed during anaphase as a chro-
mosome can bend only at the site of primary constriction.

Secondary constrictions are constant in position and hence are useful in identifying a particular chromo-
some in a set.

Secondary constriction may arise because the rRNA genes are transcribed very actively and thus interfere
with chromosomal condensation.

It contains the genes coding for 5.8S, 18S and 28S rRNA which induce formation of nucleolus. Hence, is
named as nucleolar organiser region.

In human beings, chromosomes 13, 14, 15, 21 and 22 are nucleolar chromosomes.

Satellite

L]

L]

Satellites are round or elongated or knob-like appendages of chromosomes.

Satellite is produced if secondary constriction is present in the distal region of the chromosome.
The shape and size of satellites remain constant.

It is attached with rest of the chromosome by a thin chromatin filament.

Telomeres

Telomeres are the specialised ends of a chromosome which exhibit structural and physiological polarity.
They are nonsticky ends of chromosomes.
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They confer stability to chromosomes.

They are synthesised by the enzyme telomerase.

Blackburn and Gall (1978) sequenced first telomere from Tetrahymena thermophilia.

Each species has characteristic telomeric repeat sequences. However, widely divergent species may have
the same telomeric unit.

The telomeric DNA in eukaryotic cells is gradually lost in successive generations.

Nucleosome Model

Under electron microscope, eukaryotic chromosome appears as a series of beads on a string and each bead
is known as a nucleosome.

Nucleosomes are the basic unit structure of eukaryotic chromosomes.

The beads on the string represent the first level of chromosomal DNA packing.

The nucleosome is a flat disc-shaped particle having a diameter of 10 pm and length of 5.7 pm.
Nucleosome is a complex of DNA and histone protein.

Each nucleosome consists of a histone octamer around which 1.75 turns of the DNA double helix is
wrapped, which are 146 nucleotide pairs long.

Each histone octamer consists of two flat tetramers of H-2A, H-2B, H-3 and H-4.

Besides H-2A, H-2B, H-3 and H-4, one more histone is found called histone, H-1, which holds the two
ends of the DNA double helix around the histone octamer.

Histone H-1 is not conserved and is tissue-specific.

DNA around ‘Core’
(-1401g)

Histone Core
2(H,A, H,B, H,, H,)

~ _—H, Histone
- Linker
DNA (10-60bp)

I''1] ANucelosome

——

—
-

(b)

Fig. ISj Nucleosome model: (a) Repeating unit of nucleosome (b) Single nucleosome
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¢ H-1 is chemically active and may react with H-1 of adjacent nucleosome to assist in coiling.

* Each nucleosome core particle is separated from the next by a region of linker DNA that varies in length
from a few nucleotide pairs to 80 nucleotide pairs in different species.

¢ In each nucleosome, 142 hydrogen bonds are formed between the DNA and the histone core.

¢ A diploid human cell contains approximately 30 million nucleosomes.

¢ It has been suggested that the formation of nucleosome converts a DNA molecule into a chromatin thread
about one-third of its initial length and this gives a first level of DNA packing.

* Several models have been proposed to explain how nucleosomes are packed in 30 um chromatin fibre.
One of these and the most consistent with the available data is a series of structural variations known as
the zigzag model. This model suggests the following:

(a) The 30 pum structure found in chromosome is probably a fluid mosaic of different zigzag variations.
(b) There is variation in the length of linker DNA, and these differences in linker length may introduce
further local perturbations into the zigzag structure.

(c) Lastly, the presence of other DNA-binding proteins and DNA sequence that are difficult to fold into
nucleosome punctuate the 30 um fibre with irregular features.

* Chemical composition: Chemically, a chromosome is made up of DNA, RNA, histone and nonhistone
proteins.

* Functions

1. Chromosomes control all cellular activities.

They carry transmission of characters from one generation to another.

They control development and differentiation of characters.

They help in the formation of nucleolus.

Any change in the structure or number of chromosome leads to the formation of new characters

which acts as raw material for evolution.

bl

Polytene Chromosome

* Polytene chromosomes are the giant chromosomes which are easily visible under light microscope.

* They are found in the tissues of dipteran larvae.

* They were first observed by Balbiani (1882) in the salivary gland of the Chironomous.

¢ They are formed by endomitosis, i.e., duplication of DNA without nuclear division.

* They are visible during interphase.

¢ The cells of polytene chromosome do not undergo mitosis.

* Polytene chromosomes show somatic pairing, i.e., paternal and maternal chromosomes lie side by side
which permits identification of deletions, duplications and inversions.

¢ All the polytene chromosomes may remain attached to a common chromocentre.

¢ Polytene chromosomes contain darkly stained dark bands and clear zones of interbands.

¢ Bands are Feulgen positive and are regions of high DNA concentration.

¢ Interbands are Feulgen negative and are regions of low DNA concentration.

¢ There are approximately 5,000 bands and 5,000 interbands in the genome of Drosophila.

¢ The banding patterns of polytene chromosome of D. melanogaster were studied by C B Bridges in 1935.

¢ At certain times, bands become enlarged to form swellings called puffs (Balbiani rings).

¢ Puffing is due to uncoiling of individual chromosomes in a band.

* Puffs represent active sites of RNA synthesis.

¢ Polytene chromosomes are very suitable for in situ hybridisation.
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Lampbrush Chromosome

Lampbrush chromosomes are found in the diplotene stage of meiosis of all animals and are the largest
known chromosome.

They are so named because of their brush-like appearance.

They were first observed by Flemming (1882) in the oocytes of salamander and the name Lampbrush was
given by Ruckert (1992).

Lampbrush chromosomes are extensible and elastic. They can be stretched to 2x2 of their original length.
They are best seen in the oocytes of salamander due to their high DNA content.

They are present in the form of bivalents in which maternal and paternal chromosomes are held together
by chiasmata.

Each bivalent contains a centromere.

Each bivalent contains four chromatids which are represented by axial filaments.

Axial filaments consist of DNA.

The axial filaments become tightly coiled to form chromomeres.

Lateral loops come out from chromomeres.

There are approximately 10,000 loops per chromosome set.

Loops are symmetrical and each loop appears at constant position.

Each loop has an axis made up of DNA.

Loop DNA appears to be thick as it is covered with nonhistone proteins as well as nascent RNA molecules.
Telomeres are lacking in lateral loops.

Lampbrush chromosomes are an excellent material for in situ hybridisation of cloned DNA to RNA.
Loops are the sites of RNA synthesis.

Cell Cycle

L]

A series of events that occur in a cell and results in its division and duplication is known as cell cycle.
Each cell has a cell cycle clock which determines that a cell should or should not divide.

A cell cycle takes 12-24 hours for most mammalian cells and approximately 20-30 minutes in E. coli
cells.

Nondividing cells are not considered to be in the cell cycle.

The time required to complete one cell cycle (from the starting one cell division to the beginning of the
next) is known as the generation time.

The cell cycle is divided into two parts, viz., interphase and dividing phase.

Interphase

It is the longest phase of the cell cycle and is the period between two consecutive cell divisions.
Mammalian nerve cells have the longest interphase as they do not divide after birth.

During interphase, the cell becomes enlarged.

This phase is characterised by high rate of metabolism.

Interphase is divided into three phases:

G, Phase
* It is the first growth phase which is also known as the first gap phase.
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It is a crucial decision point.
The timing of G, phase is most variable even in different cells of the same species.
During this phase, synthesis of RNA and proteins takes place.

2. S Phase

It is the synthetic phase during which replication of DNA occurs.
Histone proteins are synthesised during this phase.

Duplication of centrioles takes place.

Each chromosome is made of two chromatids.

It takes approximately 10 hours to replicate the 3 billion bits of information contained in the nucleus
of a single human cell.

3. G, Phase

It is the second growth phase which is also known as the second gap phase or premitotic phase.
Synthesis of RNA and proteins occurs during this phase.

Replication of cell organelles and condensation of chromosomes takes place.

The cell continues to increase in size.

During G, phase, a cell contains two times (4C) the amount of DNA present in the original diploid
cell (20).

The lengths of S phase and G, phase are almost equal.

GD State

A cell after cell division may withdraw from the cell cycle and enter into the resting phase called G,
state or it may enter into the G, phase of the cell cycle.

Cells in the G, state are viable and metabolically active.

G, cells not only simply represent the absence of signals for mitosis but also an active repression of
genes needed for mitosis.

Most of the lymphocytes in human blood are in the G, state.

Cells in culture can also be in the G, state.

Cancer cells cannot enter the G, state.

On stimulation, G, cells enter the G, phase.

Cell Cycle Checkpoints

¢ In acell cycle, the following three checkpoints have been identified:
1. G, Checkpoint

It is the most important checkpoint in the cell cycle which is also known as restriction point.
It detects damaged DNA and prevents entry into the S phase.

G, checkpoint blocks entry into the S phase by inhibiting S-Cdk complex.

p53 levels are increased in damaged cells and block entry into the S phase.

A p53 mutation is the most frequent mutation that leads to cancer.

A p27 is a protein that binds to cyclin and CDK blocking entry to the S phase.

2. G, Checkpoint

It prevents the cell from entering mitosis (M phase).
It is triggered by Maturation-Promoting Factor (MPF) which is a cyclin CDK complex.
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* The cdc 2 cyclin B kinase is a key molecule in regulating this transition.

* Damage to DNA after the S phase inhibits the action of CDK 1, thus preventing the cell from pro-
ceeding from G, to mitosis.

Spindle Checkpoint (M-phase Checkpoint)

* [t detects any failure of spindle fibres to attach to kinetochores and arrest the cell in metaphase.

* It detects incorrect alignment of the spindle itself and blocks cytokinesis.

* It triggers apoptosis, if the damage is irrepairable.

* In mammals and in yeast, the spindle checkpoint is inactivated by mutants in MAD and BUB genes.

* Colchicine, which inhibits spindle assembly, manifests the presence of the spindle check point.

* A cell cycle is mainly controlled by two classes of regulatory proteins, viz., cyclins and cyclin-
dependent kinases. Leland, Hartwell Hunt and Nurse were awarded the Nobel Prize in Physiology/
Medicine in 1902 for their discovery of these key molecules.

Cell Division

The process by which a cell divides to form new cells is known as cell division.

Cell division is the basic feature of life.

Mature new cells arise from the pre-existing cells, so a cell divides to form new cells.
Cell divisions take place for growth, reproduction and repair work of the body.

The main aim of cell division is to maintain the original genome.

A human body may undergo approximately 10,000 trillion divisions in an entire lifetime.
Cell division is mainly of two types, viz., mitosis and meiosis.

Mitosis

Mo

Mitosis is a type of cell division in which two daughter cells are formed from a single cell, having the same
number of the chromosomes as found in the original mother cell.
Mitosis takes place both in somatic as well as reproductive cells.
The term ‘mitosis’ was given by Flemming (1882).
A cell undergoing mitosis is called mitocyte.
Mitosis may be acentric (without centromere) as in plants or centric (with centromere) as in animals.
Generally, the process of mitosis is completed within 1-2 hours.
The steps of mitosis are controlled by different genes and if mitosis is not regulated properly, it may result
in health problems such as cancer.
The process of mitosis involves two steps:
Karyokinesis
Cytokinesis
1. Karyokinesis: Karyokinesis is the division of the nucleus. It involves the following stages:
(a) Prophase
* Prophase is the first and longest stage of mitosis.
* The cell becomes spheroid and there is an increase in viscosity and refractivity.
¢ Each chromosome consists of two chromatids jointed together by a centromere.
* The two centrioles start to move in opposite poles of the cell.
* Around each centriole, radiating fibres appear called asters.
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Fig. lﬁj Different stages of mitosis

Asters are cytoplasmic in origin.

The two asters are connected by spindle fibres.

Spindles are formed from microtubules and are made up of tubulin.
The aster, centrioles and spindle together form the mitotic apparatus.

(b) Metaphase

L]

L]

Nuclear membrane and nucleolus disappear.

The chromosome becomes arranged on equatorial plate.

The chromosomes attain their full contraction.

Metaphase is the most suitable stage for studying the morphological characterisation, banding
and counting of the chromosomes.

(c¢) Anaphase

Anaphase is the most dynamic and shortest stage of mitosis.

The centromere divides. The sister chromatids separate and move towards opposites poles.
Each chromatid has its own centromere.

At the end of anaphase, there is a group of chromosomes at each pole.

Mitotic anaphase has the same number of chromosomes as metaphase but half number of
chromatids.

The chromosomes may assume shape of ‘J°, “V’ or rod-like.

(d) Telophase

L]

It is the last stage of mitosis.

Chromosomes at each pole begin to uncoil.

Nuclear membrane and nucleolus appeared around each group of chromosomes, resulting in
the formation of two daughter nuclei.

2. Cytokinesis
¢ Cytokinesis is the division of the cytoplasm.
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* In animal cells, cytokinesis takes place by cleavage furrow.
* In plant cells, cytokinesis takes place by the formation of cell plates.

Significance

Mitosis helps in the growth of the organs and the body.

Mitosis is a means of reproduction in lower organisms.

It maintains genetic constitution of the organisms.

Mitosis maintains nucleo-cytoplasmic ratio.

Mitosis helps in repairing of injured tissues by replacing dead cells by new cells.

Mitotic Poison

Chemicals that cause anomalies in cell division are known as mitotic poison.

These chemicals interfere with spindles, centrioles and centrosomes.

These chemicals produce nondisjunction.

Colchicine (obtained from the plant Colchium autumnale) vinblatine and vincristine inhibit microtubules
assembly, whereas diezepam prevents separation of centrioles.

Microorganisms remain unaffected by mitotic poison as they lack spindle apparatus.

Meiosis

Meiosis is a special type of cell division as a result of which four daughter cells are formed, in which the
number of chromosomes is reduced to half of that in the original cell.

Meiosis occurs in reproductive cells.

A cell undergoing meiosis is called meiocytes.

Meiosis is also known as reductional division as it reduces the chromosome number to half.

Meiosis involves two nuclear divisions with only one replication of DNA.

Meiosis is essential for sexual reproduction.

Meiosis was first discovered and described in the eggs of sea urchin by Oscar Hertwig in 1876.

The term ‘meiosis’ was coined by Farmer and Moore (1905).

Bdelloid rotifers have lost the ability to perform meiosis division, while meiosis does not occur in archaea
or bacteria.

Meiosis may be:

Gametic: It is also known as terminal meiosis. It occurs at the time of gamete formation and is found in
animals.

Zygotic: It is also known as initial meiosis and occurs immediately after zygote formation. It is found in
lower plants.

Sporic: It is also known as intermediate meiosis. Meiosis division occurs in between the formation of zy-
gote and gamete, resulting in the formation of haploid megaspores and microspores. Such type of meiosis
is a characteristic of higher plants and some thallophytes.

Meiosis involves two divisions:

1.

Heterotypic division: It is the first division as a result of which the chromosome number is reduced to
half. It is also known as reductional division.

Homotypic division: It is the second division which is totally mitotic in nature.
Heterotypic division: It involves the following stages:
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(i) Interphase: Before meiosis begins, the genetic material is duplicated.
(ii) Prophase I: It is the longest and most important phase of the meiosis. It is divided into six substages:

(a) Leptotene
* Chromosomes become more distinct.
¢ Chromosomes bear bead-like structures called chromomeres.
* The number, size and position of chromomeres are characteristic on a chromosome.
* Chromosome may develop a basket-like arrangement called bouquet and this stage is called
bouquet stage.
¢ Some plant cells form a tangle of threads called synizetic knot (e.g., Trillium).

(b) Zygotene
* Chromosomes become shorter and thicker.
¢ Pairing of homologus chromosomes takes place.
¢ Paired chromosomes are called bivalents and the process of pairing is called synpasis.
* The number of bivalents is half of the number of diploid chromosomes.
* The pairing of homologous chromosomes may begin from the centromere (procentric), or from
either ends (proterminal), or from anywhere (at random).
* Of the two homologous chromosomes, one is derived from the male parent and other from the
female parent.
* As aresult of pairing, a tripartite structure is formed called syneptonemal complex.
* Syneptonemal complex first appeared during zygotene.
* Syneptonemal complex is lacking in the meiosis of male diptera.
(c) Pachytene
* Each bivalent splits longitudinally, so in each bivalent the number of chromatids is four (tetrava-
lent). This stage is called tetrad stage.

¢ Exchange of chromatids takes place between nonsister chromatids. This process of exchange of
chromatids is known as crossing over.

* As aresult of crossing over, a cross-shaped (X) structure is formed, called chiasmata.
* Pachytene is the longest stage in mammalian spermatogenesis.
* Pachytene may last for days, weeks or even years.
(d) Diplotene
* Separation of homologous chromosomes begins. This process is known as terminalisation.

* Due to contracting tendency of chromosomes, the chiasmata are pulled towards the ends of paired
homologous chromosomes.

* Syneptonemal complex begins to break down.

¢ Diplotene may last for months or years.
(e) Diakinesis

* The process of terminalisation is completed.

e Chromosomes condense and thicken.

* Nuclear membrane and nucleolus begin to disintegrate.
(iii) Metaphase I

¢ Formation of spindle begins.
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Bivalents become arranged on equatorial plate.

Bivalents are arranged in such a way that their arms lie over the equator while the centromeres
are directed towards the poles.

There is a 50-50 chance for the daughter cells to get the mother’s or father’s homologue as ori-
entation is random, with either homologue on a side.

(iv) Anaphase I

L]

The homologous chromosomes separate from each other and move to opposite poles.

Each pole has haploid number of chromosomes. In this stage, reduction in the number of chro-
mosomes takes place.

There is no division of centromeres.

(v) Telophase I

L]

Telophase I is similar to telophase of mitosis except that there is only one set of (replicated)
chromosome in each cell.

Nuclear membrane and nucleolus reappear around each group of the haploid set of chromosomes
at each pole.

Thus, two daughter haploid nuclei are formed; each with two chromatids.

Sometimes telophase is absent.

Cytokinesis

* Cytokinesis results in the formation of two daughter cells having haploid number of chromosomes.

Interkinesis

¢ The period between telophase I and prophase II is called interkinesis.
e It is quite a short period or completely absent.

* In Trillium and odonata, there is no telophase I and interphase.

Homotypic Division
It is similar to mitosis but lacks the S phase. It involves the following stages:

1. Prophase II
¢ The chromosomes condense and each chromosome consists of two chromatids, viz., one parental and
the other recombinant.
* Nuclear membrane and nucleolus disappear.
e DNA does not replicate.

2. Metaphase I1
e Spindle fibres are formed.
* Chromosomes arrange on the equatorial plate.

3. Anaphase II
e The two chromatids of chromosome separate and move towards the opposite poles.
e Centromere divides, so each chromatid has its own centromere.

4. Telophase I1
* Nuclear membrane and nucleolus reappear around each group of chromosomes.
* Thus, four haploid daughter nuclei are formed.
» Lastly, cytokinesis takes place as a result of which four haploid daughter cells are formed.
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Fig. 17j Different stages of meiosis

Significance
* Meiosis is a means of gametes formation.
Meiosis maintains constancy in chromosome number from generation to generation.

L]
It produces genetic variation (due to crossing over) in organisms which acts as raw material for

evolution.
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Short-Answer Questions

What is cell?
Answer: Cell is the structural and functional unit of life.
Who coined the term cell?
Answer: Robert Hooke (1665)
In which book did Robert Hooke publish his work?
Answer: Micrographia (London)
What is protoplast?
Answer: The mass of protoplasm present in the cell is called protoplast. It consists of plasmalemma
and everything inside it.
Who proposed the cell theory?
Answer: Cell theory was proposed by Schleiden and Schwann.
What are organelles?
Answer: Organelles are membrane-bound structures present in a cell. They remain embedded in the
cytoplasm.
What are microfilaments?
Answer: Microfilaments are fine unbranched proteinaceous structures which are generally arranged in
bundles. They are present in all eukaryotic cells.
Name three types of plastids.
Answer: (a) Leucoplast
(b) Chromoplast
(c) Chloroplast
Which ion is present in chloroplast?
Answer: Mgt
What are thylakoids?
Answer: Thylakoids are the structural and functional units of the chloroplast. They are the site of
photosynthesis.
What are quantasomes?
Answer: Quantasomes are the photosynthetic units.
Where mitochondrial proteins are synthesised?
Answer: Mitochondrial proteins are synthesised by cytosolic as well as matrix ribosomes.

Name the specialised protein present in the outer membrane of the mitochondria.
Answer: Porin
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14.  Write characteristics of the human mitochondrial genomes.
Answer: (a) Size — 16.6 kbp
(b) Nature of DNA molecule — ds circular DNA molecule
(c) Number of DNA molecules — More than one
(d) Repetitive DNA — Very little
(e) Introns — Absent
(f) Inheritance — Maternal
15.  Name some diseases known to be associated with mitochondrial DNA (mtDNA).
Answer: Some of the diseases known to be associated with mtDNA are Parkinson’s disease, Huntig-
ton’s disease, Leber’s optic neuropathy and Kearns—Sayre syndrome.
16.  Which enzyme of Krebs cycle is not present in the mitochondrial matrix?
Answer: Succinate dehydrogenase
17.  Name two biochemical events that do not occur in the cytoplasm.
Answer: (a) Krebs cycle
(b) Oxidative phosphorylation
18.  Name the largest electron transport complex.
Answer: Complex I NADH dehydrogenase, containing FMN and Fe-S.
19.  Define plasmodesmata.
Answer: Primary cell wall contains small pores through which cytoplasms of adjacent a cells communicate
by means of small cytoplasmic channels. These small cytoplasmic channels are called plasmodesmata.
20.  What is glycocalyx?
Answer: Glycocalyx (cell coat) is the carbohydrate coating of the cell surface which protects a cell
from mechanical and chemical damage and also mediate cell-cell adhesion.
21.  What is transverse diffusion?
Answer: The movement of molecules from one membrane surface to another is called transverse dif-
fusion (flip flop).
22.  Distinguish between 70S and 80S ribosomes.
Answer: The main differences between 70S and 80S ribosomes are as follows:
Table 6
( 70S 80S L
Distribution Prokaryotes, mitochondria and chloroplasts Eukaryotes
Size Smaller Larger
Molecular weight 3 million 4-5 million
Sub-units Smaller sub-unit of 30S and larger Smaller sub-unit of 40S and larger
sub-unit of 50S subunit of 60S
RNA 3 molecules 4 molecules
30S sub-unit of 16S 40S sub-unit of 18S
508 sub-unit of 23S and 5S 60S sub-unit of 28S, 5.8S and 5S
Nuclear proteins 30S - 21 40S — 33
50S - 31 60S — 49
Total proteins 50-60 70-80
e J
23.  Lysosomes have been regarded as a recycling centre. Why?
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Answer: Lysosomes have been described as a recycling centre because they free metabolites from the
worn out cell organelles by digesting them.

Name some diseases caused by malfunctioning of lysosomes.

Answer: Malfunctioning of lysosomes causes a large number of diseases in humans such as Tay—
Sachs disease, Nieman—Pick disease, Farber’s disease, Hunter’s syndrome, Hurler syndrome, Scheic
syndrome, Sanfilippo syndrome, etc.

What are peroxisomes?

Answer: Peroxisomes are oval to round-shaped microbodies and are found in all eukaryotic cells.
Peroxisomes protect cells from the toxic effect of hydrogen peroxide.

Name the largest cell organelle.

Answer: Nucleus

Name the second largest cell organelle.
Answer: Mitochondria
Name three nonmembranous cell organelles.
Answer: (a) Ribosomes

(b) Cilia

(c) Flagella
How acidic pH is maintained in lysosome?
Answer: An H* pump in the lysosomal membrane uses the energy of ATP hydrolysis to pump H* into
lysosome and thus maintains the acidic pH of the lumen.
Name the cell organelle that recycles decomposed products of proteins, lipids, carbohydrates and
forms urea.
Answer: Mitochondria
Name the cells that contain myofilaments.
Answer: Muscle cells
Name the principal microtubule-organising centre of the cell.
Answer: Centrosome
Which organelle is known as the protein-packing plant?
Answer: Golgi complex
Name the proteins that form gap junctions.
Answer: Transmembrane proteins called connexins form gap junctions.
Name the first organelle to be discovered.
Answer: Nucleus
Name the largest chromosome known.
Answer: Lampbrush chromosome
In which stage of meiosis is the lampbrush chromosome found?
Answer: Dipoltene
Who discovered polytene chromosome?
Answer: Balbiani (1882) in the salivary gland of Chironomous.
Which enzyme helps in the formation of telomere?
Answer: Telomerase
Name three organisms in which the chromosome number is 46.
Answer: (a) Sable antelope (Hippotragus niger)
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(b) Reeves’s Muntjac (Muntiacus reevesi)
(c) Homo sapiens

41.  What are glyoxysomes?
Answer: Glyoxysomes are specialised peroxisomes found in some plant cells. They contain enzymes
of glyoxylate cycle.
42.  Who proposed the Fluid mosaic model?
Answer: Singer and Nicolson (1972)
43.  What is the function of tight junctions?
Answer: Tight junctions bind cells together to form a leak-proof sheet.
44.  Name the animal having only one chromosome.
Answer: (a) Parascaris univalens (nematode)
(b) Myrmecia pilosula (Ant)
45.  What is nucleolus?
Answer: Nucleolus is a darkly stained body found in the nucleus. It is involved in the formation of
ribosomes.
46. How is the size of a cell controlled?
Answer: The size of a cell is controlled by the:
(a) Nucleo-cytoplasmic ratio
(b) Ratio of cell surface to the cell volume
(c¢) Rate of the metabolism
47.  When is a centriole termed as a basal body?
Answer: When a centriole forms a cilium or flagellum, it is termed as basal body.
48.  What is GERL?
Answer: A complex of Golgi complex, endoplasmic reticulum ribosome and lysosome.
49.  Name the cell organelle which forms acrosome.
Answer: Golgi complex
50.  Write two similarities between cilia and flagella.
Answer: (a) Both develop from the basal bodies
(b) Both have similar chemical composition
51. Name the eukaryotes that lack microtubules.
Answer: Amoeba and slime molds
52. How are ribosomes classified?
Answer: Ribosomes are classified on the basis of sedimentation rate.
53. What is tonoplast?
Answer: The membrane surrounding a sap vacuole is called tonoplast.
Long-Answer Questions
1. Draw a labelled diagram of an animal cell (no description). How does it differ from a plant cell?
2. Describe Fluid mosaic model. Mention important functions of cell membrane.
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3. Describe the structure of chromosomes in the light of recent researches.
4. Justify the statement: Mitochondria are the powerhouse of the cell.
5. Describe ultrastructure of ribosomes and mention their role in protein synthesis.
6. Give an account of structure and function of the nucleus. Why is nucleus regarded as the controlling
centre of a cell?
7. Write short notes on:
(a) Role of lysosomes in cell pathology (b) Mitochondrial DNA
(c) Rough endoplasmic reticulum (d) Nucleosome
(e) Polytene chromosome (f) Centrioles
8. Describe the structure of nucleolus and discuss its role in the formation of ribosomes.
9. Distinguish between:
(a) Heterochromatin and euchromatin (b) Smooth and rough endoplasmic reticulum
(c) Prokaryotic cell and eukaryotic cell (d) Animal cell and plant cell
(e) Ribosome and lysosome (f) Primary cell and secondary cell wall

(g) Cilia and flagella
10.  Describe the ultrastructure and function of the Golgi complex.
11.  Describe the mechanism of electron transport chain.

CELL CYCLE

Short-Answer Questions

1. What is cell cycle?
Answer: A series of events that occurs in a cell and results in its division and duplication is known as

cell cycle.
2. Name the two main phases of cell cycle.
Answer: (a) Interphase
(b) M Phase
3. Give three processes that take place in interphase.

Answer: (a) Synthesis of energy-rich compounds
(b) Synthesis of DNA, histone and other proteins
(c) Duplication of centrioles
4. What is generation time?
Answer: The time required to complete one cell cycle (from the starting one cell division to the begin-
ning of the next) is known as generation time.
5. Which cells have the longest interphase?
Answer: Mammalian nerve cells have the longest interphase as they do not divide after birth.
6. During which phase of the cell cycle are histone proteins synthesised?
Answer: S (synthetic) phase
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7. What is G, state?

Answer: A cell after cell division may withdraw from the cell cycle and enter into resting phase, called
G, state or it may enter the G, phase of the cell cycle.

8. Name the cells that never enter the G, state.
Answer: Cancer cells

9. What is the average cell cycle span for mammalian cells?
Answer: 24 h

10.  How many checkpoints have been identified in cell cycle?
Answer: Three, which are:
(a) G, checkpoint (b) G, checkpoint
(c) M (metaphase) phase checkpoint
11.  How is a cell cycle controlled?
Answer: A cell cycle is mainly controlled by two classes of proteins called cyclins and cyclin-depen-
dent protein kinases.
12.  When cells are stimulated to divide which cyclin appears first?
Answer: Glcyclin—-CDK (cyclin-dependent protein kinase) complexes

Long-Answer Questions

1. What is cell cycle? Describe the process of cell cycle.

2. What are cell checkpoints? Describe the regulation of activity of cyclin-CDK (cyclin-dependent pro-
tein kinases) complexes.

3. Write short notes on:
(a) Cell cycle checkpoints (b)  Role of Rb protein in cell cycle regulation
(¢) Role of p* in cell cycle regulation

CELL DIVISION

Short-Answer Questions

1. What is mitosis?
Answer: Mitosis is a type of cell division in which two daughter cells are formed from a single cell
having the same number of the chromosomes as found in the original mother cell.

2. Mitosis is divided into how many phases?
Answer: Mitosis is divided into four phases:
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(a) Prophase (b) Metaphase

(c) Anaphase (d) Telophase
During which phase of cell division, spindle is formed and nucleolus disappears?
Answer: Formation of spindle begins in prophase and is completed in metaphase. Nucleolus disap-
pears in telophase.
Which stage of mitosis is most suitable for studying the morphological characterisation, banding and
counting of the chromosomes?
Answer: Metaphase

Name the stage of cell cycle during which:
(a) Chromosomes moved to spindle equator
(b) Centromere split and chromatids separate
Answer: (a) Metaphase
(b) Anaphase
What is endomitosis?
Answer: Endomitosis is the process of chromosome duplication without cell division.

Which is the most dynamic and shortest stage of the mitosis?
Answer: Anaphase

What is called uncontrolled mitotic cell division?
Answer: Neoplasia that occurs due to mutation in the genetic material.

Name the adult tissues where mitosis is almost absent.

Answer: Mitosis is almost absent in the adult nervous tissues and striated muscle (skeletal and car-
diac).

Give examples where mitosis is more frequent and less frequent.

Answer: In vertebrates, mitosis is more frequent in tissues that require intense renewal like epithelial
cells and bone marrow, whereas it is slow in those tissues that require less renewal like adult bone mar-
row and connective tissue.

Why is mitosis also called equational division?
Answer: Because the number of chromosomes is the same in the parent and daughter cells.

What is the significance of mitosis?

Answer: Mitosis is essential for:

(a) Growth (b) Asexual reproduction of eukaryotes

(c) Embryonic development (d) Renewal of tissues

What is mitotic poison?

Answer: (a) Chemicals that cause anomalies in cell division are known as mitotic poison.
(b) These chemicals interfere with spindles, centrioles and centrosomes.
(c) These chemicals produce nondisjunction.

Why do microorganisms remain unaffected by mitotic poison?

Answer: Because they lack mitotic poison.

What happens if errors occur in mitotic division?

Answer: Errors in mitotic divisions can either kill a cell through apoptosis or cause mutations that lead

to cancer.

Write three main differences between mitosis and meiosis?

Answer:
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Mitosis Meiosis
(a) Mitosis takes place in somatic cell. Meiosis takes place in reproductive
(gametic) cells.
(b) The number of chromosomes in The number of chromosomes is reduced
daughter cells remain the same. to half in daughter cells.
(c) As aresult of mitosis, two daughter As a result of meiosis, four daughter
cells are produced. cells are produced.

What type of cell division produces haploid cells?
Answer: Meiosis
Name the stages during which the following events occur:
(a) Pairing of homologous chromosome
(b) Crossing over
(c) Reduction in chromosome number
Answer: (a) Zygotene
(b) Pachytene
(c) Anaphase |
What is synapsis?
Answer: During zygotene stage of prophase I, homologous chromosomes are paired which are termed
as bivalent and the process of pairing is known as synapsis.
Define chiasmata.
Answer: During pachytene stage, as a result of exchange of chromosomal segments between homolo-
gous chromosomes (crossing over), a cross-shaped structure is formed which is known as chiasmata.
During which stage of meiosis did synaptonemal complex first appear?
Answer: Zygotene
Which is the longest stage of meiosis?
Answer: Prophase |
During which stage of meiosis does separation of homologous chromosomes takes place?
Answer: Anaphase |
Define meiosis.
Answer: Meiosis a special type of cell division as a result of which four daughter cells are produced,
in which the number of chromosomes is reduced to half of original cell.

Who discovered and described meiosis for the first time?
Answer: Oscar Hertwig (1876) discovered and described meiosis for the first time in the eggs of sea
urchin.

Name the three different ways through which synapsis takes place during zygotene?
Answer: (a) Procentric — Pairing begins from centromeres
(b) Proterminal — Pairing begins from either end of the chromosome
(c) Atrandom - Pairing takes place from anywhere
In which stage of meiosis does division of the centromere take place?
Answer: Anaphase 11
Distinguish between karyokinesis and cytokinesis.
Answer: Karyokinesis is the division of the nucleus, whereas cytokinesis is the division of the cyto-
plasm.
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29.  Name the stage of meiosis where disjunction takes place.
Answer: Anaphase |
30. How does anaphase II differs from anaphase 1?7
Answer: Anaphase II differs from anaphase I in having single-stranded chromosomes and separated
chromatids.
31.  Bouquet stage is the characteristic of which stage of cell cycle in animal cells?
Answer: Leptotene stage (Prophase I)
32.  Name the stage of meiosis in which foundation of variation is laid down.
Answer: Pachytene
33.  Name the stages of meiosis during which:
(a) Terminalisation of chiasmata begins —
(b) Terminalisation is completed —
Answer: (a) Diplotene
(b) Diakinesis
Long-Answer Questions
1. Draw a well-labelled diagram of mitosis (no description). What is its significance?
2. Give an account of meiosis in animal cells.
3. Give a comparative account of mitosis and meiosis.
4. Write short notes on:
(a) Pachytene (b) Diplotene
(c) Anaphase II (d) Synaptonemal complex
(e) Mitotic apparatus
5. Draw diagrams of different phases of meiosis I. Give the significance of meiosis.
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Multiple-Choice Questions

Which one of the following statements is incorrect?

(a) The DNA of mitochondria is rich in G:C ratio.

(b) Ribosomes are produced in nucleolus.

(c) RBC and mature sperm contain 80S ribosomes.

(d) Size of nucleus depends on the number of chromosomes.

Which one of the following is an incorrect match.
(a) Tonoplasts — Vacuoles (b) Histones — Prokaryotes
(c) Mitochondria — Beta-oxidation of fatty acids (d) Golgi complex — Traffic police of the cell

Cell organelle with single membrane is:

(a) Endoplasmic reticulum (b) Glycosome

(c) Lysosome (d) All of the above

Endosymbiotic theory is related with the origin of:

(a) Nucleus (b) Mitochondria (c) Golgi complex (d) Centrosome
Cell coat is also known as:

(a) Glycocalyx (b) Microsome (c) Glycosome (d) Pectofibrin
The side of Golgi complex closest to the nuclear envelope and endoplasmic reticulum is known as:
(a) Cis or forming face (b) Trans or maturing face

(c) Preparing face (d) Terminal face

What is correct about cilium?

(a) Short microtubular organelle (b) Used for locomotion

(c) Helps in creating currents in the (d) All of the above

surrounding fluid

Lysosomes of leucocytes and monocytes are important in defence against:

(a) Bacteria (b) Viruses (c) Both (a) and (b) (d) None of the above
Compartment where uncoupling of receptor and ligand occurs is:

(a) Endosome (b) Oxysome (c) Basal body (d) Crista

Which one of the following drugs disrupts actin microfilaments without affecting the microtubules?
(a) Colchicine (b) Chloroquinine (c) Cytochalasin B (d) Streptomycin

Electrical coupling between cells depends on:

(a) Tight junctions (b) Gap junctions (c) Desmosomes (d) None of these
Mitoplast is related with:

(a) Mitochondria (b) Chromosome (c) Golgi complex (d) Plastid
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Permeability is regulated by:

(a) K* (b) OH (¢) Na* (d) Ca**
Nuclear region within a prokaryotic cell is known as:
(a) Nucleosome (b) Nucleoid (c) Viroid (d) Chromocentre
Largest cell organelle is the:
(a) Nucleus (b) Mitochondrion (c) Golgi complex (d) Centrosome
An exception of cell theory is:
(a) Virus (b) Viroids (c) Prions (d) All of the above
Ribosomes are absent in:
(a) RBC (b) Sperms
(c) Both RBC and sperms (d) Chloroplasts and mitochondria
Which one of the following enzymes destroys H,0,?
(a) Catalase (b) Urate oxidase
(c) D-Amino oxidase (d) a-Hydroxylic acid oxidase
Most of the cytosolic H,O, is produced by:
(a) Peroxisomes (b) Golgi complex
(c) Mitochondria (d) Mitochondria and membranes of ER
Match column I with column IT and select the correct answer using answer codes.
Column I Column II
(A) Lysosome 1. Photorespiration
(B) Golgi complex 2.  Protein synthesis
(C) Peroxisome 3. Formation of acrosome
(D) Rough endoplasmic reticulum 4. Converts cellular polymers to monomeres
Answer codes:
A B C D
(a) 4 1 3 2
(b) 3 4 2 1
(c) 4 3 1 2
@ 1 3 4 2
Nucleosome lacks:
(@ H, (b) H,A and H,B () H, (d H,
Hyperactivity of lysosome results in:
(a) Gout (b) Lung fibrosis (c) Arthritis (d) All of the above
Which one of the following cell organelles is related with glycosylation?
(a) Mitochondria (b) Lysosome
(c) Golgi complex (d) Endoplasmic reticulum
Specific density of Golgi complex is:
(a) More than the mitochondria (b) More than the endoplasmic reticulum
(c) Less than the mitochondria and (d) Equal to the mitochondria and endoplasmic
endoplasmic reticulum reticulum

. Consider the following statements:

(A) Duplication of mitochondrial DNA occurs  (B) Human erythrocytes have well-developed
during the S phase mitochondria

(C) Mitochondria are stained with Sudan (D) Mitochondria are autonomous cell organelle
Black B
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The correct statements are:

(a) Aand B (b) Aand D (¢c) Band C (d) None of the above
What is common between mitochondria and chloroplasts?

(a) Naked DNA (b) Semi-autonomous nature

(c) Production of ATP (d) All of the above

Mitochondrial swelling can be induced by:

(a) Ca™ (b) Thyroxin (c) Phosphate (d) All of the above

What is correct about microtubules?

(a) Microtubules help in maintaining the shape of a cell.

(b) They help in intracellular transport.

(c) Along with microfilaments, they assist in cell movement.
(d) All of the above

Nucleoli are larger and more in number in cells that are actively involved in:

(a) Lipid synthesis (b) Protein synthesis

(c) Carbohydrate synthesis (d) Beta-oxidation of fatty acids
Lomasomes are the:

(a) Projections from adjacent cells

(b) Foldings of plasmalemma found in fungal cells

(c) Thickened area of plasma membrane having hair-like structures

(d) Infoldings of plasma membrane having respiratory enzymes

Which one of the following is reduced during active stage of mitochondria?

(a) Krebs cycles (b) Oxidative phosphorylation

(c) Electron transport chain (d) None of these

Which form of DNA lacks guanine base?

(a) Band D (b)) Z (¢c) AandZ (d) DandE
Peroxisomes are concentrated in:

(a) Brown fat (b) Liver (c) Kidney (d) Adipose cells
‘Which one of the following organelles is responsible for the disappearance of tail in tadpole larva during
metamorphosis?

(a) Lysosome (b) Endoplasmic reticulum (c) Golgi complex (d) Mitochondria

Match column I with column IT and select the correct answer using answer codes.
Column I Column II

(A) Osteogenesis 1. Peroxisome

(B) Secretion 2. Chloroplast

(C) Breakdown of H,0, 3. Lysosome

(D) Synthesis of food in the presence of sunlight 4. Golgi complex

Answer codes:

A B C D
@ 3 4 1 2
®3 1 4 2
© 4 3 2 1
@1 3 4 2

Deficiency of the lysosomal enzyme, alpha iduronidase causes:
(a) Hurler syndrome (b) Hunter syndrome
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(c) Lesch—-Nyhan syndrome (d) Beckwith—Wiedmann syndrome
Which one of the following is a lysosomal storage disorder?

(a) Hunter syndrome (b) Tay-Sachs disease

(c) Noorie’s disease (d) Osteogenesis imperfecta
Kearns—Sayre syndrome is caused due to delection of:

(a) A part of mitochondrial DNA (b) Chromosome 5

(c) Chromosome 9 (d) Chromosome 15

The Leber’s blindness is caused by:

(a) Hypoactivity of lysosome (b) Hyperactivity of lysosome

(c) A point mutation in mitochondrial DNA (d) A point mutation in nuclear DNA
Photophosphorylation coupling factor is found in:

(a) Mitochondria (b) Endoplasmic reticulum

(c) Chloroplasts (d) Glyoxysomes

Which one of the following histones is not conserved between species?

(@) H (b) HA and HB () H, (d H,
Humans have approximately pg of DNA per haploid genome.
(a) 2 (b) 3 () 30 (d) 84
Which one of the following diseases is associated with mitochondrial DNA?

(a) Chronic opthalmoplegia (b) Parkinson’s disease

(c) Kearns—Sayre syndrome (d) All of the above

Corneal clouding develops in:

(a) Hurler syndrome (b) Hunter syndrome

(c) Parkinson’s disease (d) Sickle cell anaemia

Which one of the following is a lysosomal storage disease?
(a) Scneic syndrome (b) Sanfilppo syndrome (c) I-cell disease (d) All of the above

Which one of the following statements is incorrect?

(a) Opthalmoplegia is caused by the spontaneous deletion of chunk of mitochondrial DNA.

(b) Opthalmoplegia involves maternal inheritance.

(c) Hunter syndrome is due to deficiency of lysosomal sulphoiduronate sulphate.

(d) Mitochondrial DNA plays a role in the ageing process.

Secondary lysosomes contain:

(a) Hydrolytic enzymes (b) Undigested food

(c) Primary lysosomes and food particles (d) Enzymes which digest own cell organelles
to be digested

Mitochondria are absent in human:

(a) Liver cells (b) Brain cells (c) Erythrocytes (d) Osteoblasts
Pg value is the:

(a) Amount of DNA present in the genome (b) Amount of DNA present in the gamete
(c) Total number of chromosomes in a cell (d) Length of DNA in a cell

Which one of the following proteins is responsible for loosening of cell wall and cell expansion?
(a) Expansion (b) Chaperons (c) Bothaandb (d) Spectrin

Which one of the following acts as a stabiliser for lysosomes?

(a) Cortisone (b) Cholesterols (¢) Antihistamine (d) All of the above



The McGraw-Hill Companies
Cell and Cell Organelles 0

52. In mitochondrion, lowest pH occurs in:

(a) Matrix (b) Intermembrane space (c) Cristae (d) Ribosomes
53. Shape of the cell is controlled by:

(a) Viscosity of cytoplasm (b) Skeleton and function

(c) Cell wall, position and age (d) All of the above
54. The cell organelle related with the movement of materials to the exterior of the cell is:

(a) Chromosome (b) Golgi complex

(c) Endoplasmic reticulum (d) Mitochondria
55. The part of sperm formed by Golgi complex is the:

(a) Head (b) Middle piece (c) Axial filament (d) Acrosome
56. The ability of cell membrane is determined by:

(a) Proteins (b) Carbohydrates (c) Phospholipids (d) None of these
57. Match column I with column II and select the correct answer using answer codes.

Column I Column IT

(A) Smooth endoplasmic reticulum 1. Protein units of microtubules

(B) Nucleosomes 2. Junction of cell adherence

(C) Desmosomes 3. Synthesis of lipids

(D) Tubulin 4. Basic structure of chromatin fibres

Answer codes:

A B C D

(a) 3 4 2 1

() 3 1 2 4

() 2 1 3 4

@ 4 2 1 3
58. Centrioles are not present in:

(a) Amoeba (b) Some algae and fungi

(c) Higher gymnosperms (d) All of the above
59. Maintenance of the Golgi complex in healthy condition depends on the presence of

in the cell.

(a) Mitochondrion (b) Centrosome (¢) Nucleus (d) Ribosome
60. Which one of the following histones is rich in lysine?

(@) H, (b) HA (©) H, @ H,
61. Arginine-rich histones are:

(a) H,Aand H,B (b) H, and H, (¢c) H,andH, (d) H,BandH,
62. An organelle without cell membrane:

(a) Centrosome (b) Ribosome (¢) Nucleolus (d) All of the above
63. Centriole is rich in:

(a) Tubulin (b) ATPase

(c) Both tubulin and ATPase (d) ATPase and catalases

64. Which one of the following statements is incorrect?
(a) C-value is characteristic of species.
(b) C-value is expressed in picograms or base pairs.
(c) Mitochondria are yellowish due to riboflavin.
(d) Lifespan of mitochondria is about 50-100 days.
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. Which one of the following is not present in a complete cell?

(a) Ribosome (b) Lysosome (¢) Chromosome (d) Microsome
. Which one of the following ion is related with the formation of cross bridges?
(a) K* (b) Na* (c) Mg+ (d) Ca**
. In the fluid mosaic model, the phospholipids bilayer:
(a) Has protein embedded in it (b) Is covered by outer and inner layers of protein
(c) Iscovered by a layer of protein (d) Has carbohydrate embedded in it
The enzyme glucose-6-phosphatase is found in the endoplasmic reticulum of:
(a) Brain (b) Kidney (c¢) Liver (d) Heart
The number and rate of function of the nucleolar genes are controlled by:
(a) Slave genes (b) Master genes (c) CG genes (d) Jumping genes

A sudden increase in which one of the following ions in the surrounding environment acts as a trigger
for causing contraction of the microvilli?

(a) K* (b) Na* (c) Mg+ (d) Ca
Presence of which one of the following in the cell membrane is essential for cell recognition?
(a) Proteins (b) Carbohydrates

(c) Steroids (d) Phospholipids and steroids

72. Which one of the following statements is incorrect?

73.

74.

75.

76.

77.

78.

79.

(a) Degradation of bone is activated by vitamin A and parathyroid hormone.

(b) Lysosomes help in germination of seeds.

(c) Lysosomes of leucocytes and monocytes are essential in defence against bacteria and viruses.
(d) In rheumatoid arthritis, lysosomal enzymes inhibit development of cartilage.

Clathrin pits and vesicles help in the:

(a) Transfer of immunoglobulins (b) Recycling of membranes

(c) Uptake of yolk (d) All of these

Classification of ribosomes is based on:

(a) Shape (b) Size (c) Weight (d) Sedimentation rate

Consider the following statements:

(A) Mitochondria and chloroplasts are energy-transducing and semi-autonomous cell organelles
(B) Mycoplasma is the smallest cell with cell wall

(C) Virus lacks cell wall

(D) Nucleolus has porous membrane

The correct statements are:

(a) AandD (b) A,Cand D (c) A,Band D (d) Aand C
Which one of the following is an incorrect match?
(a) Oxysome — Site of phosphorylation (b) Nucleolus — Synthesis of chromatin

(c) Fo-sub-units — Spherical head of the oxysome (d) Spherosome — Fat digestion

Which one of the following functions of mitochondria occurs only in animals?

(a) Beta oxidation (b) TCA cycle

(c) ATP synthesis (d) Electron transport chain
Duplication of mitochondrial DNA takes place during:

(a) G, phase (b) S phase (c) G, phase (d) G, state
Knowledge of which one of the following is required to study permeability?
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(a) Chemical organisation of the cell membrane (b) Chemical organisation of the cell

(c) Both (a) and (b) (d) Nature of the cell coat

Which one of the following cells do not divide after birth in humans?

(a) Neuron cells (b) Liver cell (¢) Kidney cell (d) Muscle cell
In humans, the nuleolar organisers are located in the secondary constrictions of chromosomes:
(a) 13and 14 (b) 15and?21 (c) 22 (d) All of these
The cell organelle related with the formation of nematocysts and trichocysts is the:

(a) Endoplasmic reticulum (b) Lysosome

(c) Golgi complex (d) Centrosome

Consider the following statements:

(A) Endoplasmic reticulum is highly developed in green cells

(B) Apparato reticulo interno was discovered by C Golgi in 1898
(C) Chloroplasts are rich in manganese

(D) Quantasomes are found in chloroplasts

The correct statements are:

(a) A,BandD (b) Band D (¢c) Cand D (d A,CandD
Pyrenoids accumulate:
(a) Respiratory enzymes (b) Glycogen
(c) Starch (d) ATP
The protein present in the arms of microtubules is:
(a) Nexin (b) Dynein (¢) Desmin (d) Vimentin
Desmin filaments are found in:
(a) Astrocytes (b) Axons (c) Cardiac muscles (d) None of these
DNA duplication is not shown by differentiated:
(a) Liver cells (b) Muscle cells (c) Erythrocytes (d) Nerve cells
Match column I with column IT and select the correct answer using answer codes:

Column I Column IT
(A) Cancer cells 1. Foxglove
(B) Digitation 2. Microtubulins
(C) Desmosomes 3. Glycosamino glycans
(D) Tubulin 4. Cell adhering junctions
Answer codes:

A B C D
(a) 4 1 2 3
() 3 2 4 1
() 3 1 2 4
d 3 1 4 2
What is common between microbodies and mitochondria?
(a) Respiratory enzymes (b) Production of ATP
(c) Use of oxygen (d) Release of oxygen

In which one of the following do anaemia ferritin molecules accumulate in mitochondria?
(a) Sickle cell anaecmia (b) Cooley’s cell anaemia
(c) Pernicious anaemia (d) None of these
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The flow cytometry technique allows detection of difference of mega base pairs.

(a) 1.2-2 (b) 1.5-4 () 2.5-55 (d) 4.5-10.5

In which one of the following syndromes do the liver and kidney lack peroxisomes?

(a) Beckwith—Wiedmann syndrome (b) Cerebro-hepato— renal syndrome of Zellweger
(c) Prader—Willi syndrome (d) Lesh—-Nyhan syndrome

Smaller cells are more active because they have:

(a) Smaller surface area

(b) Lower nucleo-cytoplasmic ratio and larger surface area

(c) Larger surface area

(d) Larger surface area and higher nucleo-cytoplasmic ratio

Which one of the following is mismatched?

(a) Hurler’s disease — Absence of lysosomes

(b) Periplasm — Space between the outer and inner nuclear membrane of nucleus
(c) Uncontrolled autophagy — Causes cancer

(d) Chromosomal puff — Transcriptional activity

Consider the following statements:

(A) Anoxygenic bacteria are photosynthetic

(B) They lack chlorophyll a

(C) They have PS 11

(D) The anoxygenic bacteria do not evolve O, during photosynthesis
The incorrect statements are

(a) All (b) Band C (¢) BandD (d C

Both transcriptional and translational processes in mitochondria and chloroplasts are inhibited by
(a) Chloramphenicol (b) Rifampicin

(c) Both chloramphenicol and rifampicin (d) o-Amanitin and cyclo-hexamide

Mitochondrial respiratory enzyme, cyfochrome ‘c’ oxidase, is made up of seven sub-units in which:
(a) Two are coded by nuclear genes and five by mitochondrial genes

(b) Four are coded by nuclear genes and three by mitochondrial genes

(c) Six are coded by nuclear genes and one by mitochondrial genes

(d) All sub-units are coded by mitochondrial genes

Mitochondrial and chloroplast DNA lack:

(a) Histones (b) Thymine (c) Adenine (d) Guanine

P-450 and P-448 present in smooth endoplasmic reticulum help in the detoxification of:

(a) Pollutants (b) Carcinogen (c) Drugs (d) All of the above
Chlorophylls trap light energy for the production of:

(a) ATP (b) NADPH

(c) CO, (d) Both ATP and NADPH

Freeze fracture technique is used to study:

(a) Membrane-bound organelles (b) Nuclear membrane

(c) Plasma membrane (d) Both plasma membrane and nuclear membrane

Which one of the following statements is correct?
(a) The positive charges on the histones enable them to bind to DNA.
(b) The five histones are present in the molar ratios of approximately 2 : H, : 2H A : H B : 2H, : 2H,.
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(c) The inner membrane of mitochondria is highly permeable to H* ions.
(d) Y- chromosome bears satellite.

Karyotype is used to determine the:

(a) Cause of multiple miscarriages (b) Cause of abnormal newborns
(c) Cause of individual malignancy (d) All of the above
The higher levels of chromatin are maintained by histone:
(@) H (b) HA and HB () H, (d H,
is the best material for the study of cell membrane.
(a) Liver (b) Kidney (c) Erythrocyte (d) All of these
Cells response to change in:
(a) Temperature (b) pH (¢) Nutrient levels (d) All of the above
Endosymbiotic theory was first postulated by:
(a) Lynn Margulis  (b) Y Daskal (c) L C Moore (d) Callan and Randall
Cytorrhysis is the complete collapse of a/an:
(a) Cell membrane (b) Animal cell
(c) Plant cell’s cell wall due to loss of water (d) Mitochondria due to loss of water
Cytorrhysis causes much greater loss of cells.
(a) Number (b) Shape and structure
(c) Structure (d) Size, structure and number
A, cells are:
(a) Highly dividing cells (b) Degenerated cells
(c) Human basal epithelial cells (d) Cells unable to divide

Which one of the following statments is incorrect?

(a) Cell contents are contained within a cell surface that contains proteins and a lipid bilayer.

(b) The functioning of a cell depends on its ability to extract and use chemical energy stored in organic
molecules.

(¢) The two membranes of mitochondria have same properties.

(d) Human mitochondrial DNA consists of 5-10 rings of DNA and appears to carry 16,568 base pairs.

Nuclear DNA changes by with each generation:

(a) 20 per cent (b) 45 per cent (c) 50 per cent (d) 75 per cent
Humans have an estimated cells.

(a) 10* (b) 108 (c) 10% (d) 10%

Humans body contains at least different types of cells:

(a) 100 (b) 150 (c) 200 (d) 400

The human mitochondrial genome encodes only:

(a) 13 proteins (b) 22 tRNAs (¢) 2rRNAs (d) All of the above
What is incorrect about mitochondrial DNA?

(a) The DNA is not packed with proteins. (b) All genes are carried in a single circular DNA.

(c) DNA is not bounded by a nuclear envelope. (d) There is 50 per cent change in mitochondrial DNA
from parent to offsprings in each generation.

Mitochondrial numbers are controlled by:

(a) Apoptosis (b) Apolysis (c) Autophagy (d) Cell function
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118. In mammals, mitochondrial DNA is inherited from the mother:

(a) 25 per cent (b) 50 per cent (c) 75 per cent (d) 99.99 per cent
119. Consider the following statements:

(A) Histones tend to suppress genetic activity

(B) Nonhistone proteins stimulate genetic activity

(C) Nonbhistone proteins are synthesised throughout the cell cycle

(D) Nonbhistone proteins show variation in structure in different species and even tissues

The correct statements are:

(a) A (b) A,BandC (¢c) A,CandD (d) All of these
120. In which one of the following is the diploid number of chromosomes 46?
(a) Humans (b) Evening bats (c) Red squirrels (d) All of the above
121 Which one of the following inhibits synthesis of DNA but does not interfere with other cell functions?
(a) Colchicine (b) Amethopterin
(c) Ammonical silver nitrate (d) Phytohaemagglutinin

122. Which one of the following enzymes is synthesised by the cooperation of both nuclear as well as chlo-
roplast genes?
(a) Ribose biphosphate carboxylase (b) ATPase
(c) Pyruvic kinase (d) Arginase
123. Match column I with column II and select the correct answer using answer codes:
Column I Column IT
(A) Nucleosome Photorespiration
(B) Lysosome Microtubules
(c) Tubulin Chromatin
(d) Peroxisome Autolysis

e

Answer codes:
A

(@ 3

(b) 2

(c) 3

d 3
124. The only region of the chromosome where DNA is single stranded is:

(a) Telomere (b) Centromere (c) Secondary constriction (d) Satellite
125 Telomere is rich in:

(a) Guanine (b) Guanine and cytosine

(c) Adenine and guanine (d) Cytosine and thymine

F O NN
NN W =N
HAH[\)U

126 Which one of the following statements is correct?
(a) Replication of DNA at the telomere is regulated by the enzyme telomerase.
(b) In cancer cells, shortening of chromosome is prevented by relomerase.
(c) Constitutive heterochromatin and satellite bodies have repetitive sequences of DNA.
(d) All of these
127. Which one of the following statements is not true?
(a) New organisms generally get DNA from their mother.
(b) Mitochondrial DNA is used in the forensic science for identifying corpses or body parts.
(c) Mitochondrial DNA changes at a faster rate.
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(d) Peroxisomes utilise oxygen for carrying out their activities.
128. Peptidoglycan is responsible for:

(a) Rigidity of the bacterial cell wall (b) Determination of shape of the cell
(c) Both (a) and (b) (d) Attachment of two cells

129. In Pomper’s disease:
(a) Number of peroxisomes decreases (b) Mitochondria become overactive

(c) Liver cells become engorged with glycogen (d) Glycogenolysis increases
130. Zellweger syndrome is related with:

(a) Lysosome (b) Ribosome (c) Spherosome (d) Peroxisome
131. Humans contain approximately picogram of DNA per haploid genome

(@ 1 (b) 2 (© 3 (d 5
132. Endoplasmic reticulum participates in the formation of:

(a) Vacuoles (b) Glyoxysomes (c) Protein bodies (d) All of the above

133. Consider the following statements:

(A) Intercellular coupling is universally shown by all cancer cells

(B) Junctional interconnections are less abundant during embryonic development

(C) The coupling between cells is electrical as well as metabolic

(D) Viroids contain single RNA covered by a protein capsid

The correct statement is:

(a A (b) B () C (d D
134. Consider the following statements:

(A) The cell coat is negatively charged

(B) The cell coat may bind with Na* and Ca**

(C) The strength of the cell coat varies from cell to cell

(D) Usually malignant cells have higher glycolytic activity

The incorrect statements are:

(a) Aand D (b) Cand D (¢c) Band C (d) None of these
135. Peptidoglycan is not present in:

(a) Prokaryotes (b) Eukaryotes

(c) Both prokaryotes and eukaryotes (d) None of these
136. Fanconi anaemia is due to:

(a) Longtelomere (b) Lack of centromere (c) Short telomere (d) Short satellite
137. Which cell organelle is present in all the five kingdoms?

(a) Nucleus (b) Mitochondria

(c) Endoplasmic reticulum (d) Ribosome
138. Cells that commit suicide:

(a) Shrink (b) Develop blebs on the surface

(c) Release cytochrome C due to mitochondrial (d) All of the above

break

139. Familial myalgia syndrome is a recessive mitochondrial syndrome associated with complex:

(a) I (b) 11 (c) 1 @ 1v

140. What is true about replication of mitochondrial DNA?
(a) Rapid rate (b) Lack of proof reading (c) Asynchronic (d) All of the above
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141. Match column I with column II and select the correct answer using answer codes.
Column I Column II

(A) Mitochondria 1. Monoamine oxidase
(B) Chloroplast 2. High concentration of cardiolipin
(C) Outer membrane of the mitochondrion 3. Tend to pump out H *and retain OH"
(D) Inner membrane of the mitochondrion 4. Tend to pump out OH™ and retain H *
Answer codes:
A B C D
(a 3 4 1 2
(b) 4 1 2 3
(c) 2 4 1 3
d 3 2 4 1
142. Multivesicular bodies are applicable to:
(a) Primary lysosomes (b) Secondary lysosomes
(c¢) Residual bodies (d) Autophagic vacuoles

143. The first disease caused by mutation in mitochondrial DNA was reported in:
(a) 1970 (b) 1978 (c) 1988 (d) 1992
144. Mitochondrial diseases can originate from:
(a) DNA damage (b) Oxidant damage to protein and lipid in the mitochondria itself
(c) Both(a) and (b) (d) None of these

145. Damage of mitochondria can be controlled by:

(a) Antioxidants (b) Superoxide dismutase enzyme
(c) Uncoupling proteins (d) All of the above
146. Cytology is related with:
(a) Cell structure (b) Cell composition
(c) Interaction of cell with other cells (d) All of the above

147. Which one of the following syndrome is due to deletion in the mitochondrial DNA and can be mater-
nally inherited?

(a) Zellweger syndrome (b) Aicardi—Sayre syndrome

(c) Oscar syndrome (d) All of these
148. Eukaryotic cells arose during:

(a) Coenozoic era (b) Mesozoic era (c) Palaeozoic era (d) Proterozoic era
149. The chromosome number is 48 in:

(a) Rhesus monkey (b) Chimpanzee

(¢) Gorilla and deer mouse (d) All of the above
150. Marker enzyme for mitochondria is:

(a) Pyruvate dehydrogenase (b) ATPase

(c) Succinate dehydrogenase (d) NADH dehydrogenase

151. Which one of the following statements is correct?
(a) Mitochondrial inheritance is non-Mendelian.
(b) Mitochondria are transmitted through nuclear DNA.
(c) All mitochondria are inherited from the mother’s ovum.
(d) All of the above

152. Absence of dyenin in cilia and flagella causes:
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(a) Immobile cilia and flagella (b) Infertility in males
(c) Chronic respiratory infection (d) All of the above

153. The largest human chromosome is approximately million base pairs in length.
(a) 150 (b) 175 (c) 247 (d) 380

154. Consider the following statements:
(A) FISH (Fluoresence in situ hybridisation) has become a commonly used staining technique
(B) Itis now used for microdetection of syndrome
(C) FISH uses specific DNA probes, repetitive DNA
(D) Through this staining technique, unknown sequences of DNA are fluorescently labelled and hybri-
dised to chromosomes

The incorrect statement is

(@ A (b) B () C (d D
155. 9+2 cilia/flagella arrangement is not found in:

(a) Monera (b) Monera and protista

(c) Protista (d) Monera, protista and fungi
156. Mitochondria tend to:

(a) Pump out H* and OH" (b) Retain H* and OH~

(c) Pump out H* and retain OH" (d) Pump out OH and retain H*

157. What is incorrect about cell ghosts?

(a) They are animal cells with their internal contents.

(b) They are animal cells without their internal contents.

(c) Itis difficult to observe them under a microscope.

(d) Cell ghosts of erythrocytes have been favourable material for the study of plasma membrane.
158. Which one of the following statements is incorrect about gas vacuoles?

(a) Gas vacuoles are found in prokaryotes.

(b) Gas vacuoles store metabolic gases.

(c) They regulate buoyancy and dilute the intensity of harmful radiations.

(d) They do not provide mechanical strength.

159. Which one of the following techniques is used to measure cell activity like a change in membrane po-

tential?

(a) Patch clamp (b) Phagocytosis (c) Apoptosis (d) Ion channel
160. Which one of the following is responsible for coiling of nucleosome strand?

(@ H, (b) H)A and H,B (c) Hyand H, (d) All of these
161. Cart wheel constitution is related with:

(a) Lysosome (b) Centrosome (¢) Ribosome (d) Nucleolus
162. The most abundant lipid in a cell membrane is:

(a) Glycolipid (b) Phospholipid (c) Sulpholipid (d) Steroid
163. Which one of the following cell organelles participates in cyclophasmic inheritance?

(a) Nucleus (b) Ribosome (¢) Mitochondrion (d) Centrosome

164. Intermediate fibres which form a part of cytoskelton are composed of:

(a) Keratin (b) Vimentin (¢) Dermin (d) All of these
165. The major mass of cytoskeleton is represented by:

(a) Spectrin (b) Ankryn (c) Synemin (d) Glycophorin
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Mitochondria are capable of
(a) Movement (b) Changing position

In prokaryotes, plasma membrane is the site of:
(a) Respiration (b) Photosynthesis
Satellite region of chromosome contains:

(a) DNA and RNA (b) Centromere

Pyronine stain is used for:
(a) Nucleus (b) Nucleolus

in the cell.

(c) Changing set (d) All of these

(c) Synthesis of lipid (d) All of the above
(c) No DNA (d) No RNA

(c) Chromosome (d) Mitochondria

Which one of the following statements is incorrect?

(a) In rapidly dividing cells, the endoplasmic reticulum is poorly developed.

(b) The size of endoplasmic reticulum is relatively constant in different types of cells.

(c) The reticulocytes, which produce haemoglobin, have poorly developed endoplasmic reticulum.

(d) A rapidly dividing cell may be basophilic.

Which one of the following is applicable to lysosome?

(a) Autolysis (b) Autophagy

(c) Apoptosis (d) All of the above

Which one of the following statements is correct about centromere?
(a) Centromere is a constricted region, containing no genes.

(b) Centromere appears only during cell division.

(c) Centromere joins two sister chromatids of the chromosome.

(d) All of the above

The shape of cell depends on its:

(a) Location (b) Cell type
Gap junctions play a key role in:

(a) Electrical coupling
(c) Both (a) and (b)

The first organelle to be discovered was:
(a) Nucleus (b) Mitochondria

(c) Structure (d) Function

(b) Metabolic cooperations between adjacent cells
(d) Electrical coupling, oxidative phosphorylation
and metabolic cooperation

(¢) Ribosome (d) Chloroplast

Which one of the following is not found in eukaryotes?

(a) Lysosome (b) Ribosome
Location of plasmodesmata is determined by the:
(a) Spindle

(c) Endoplasmic reticulum

Intermediate filaments are sensitive to:

(a) Proteolysis (b) Colchicine
Glycosyl transnsferases are concentrated in:
(a) Microbodies

(c) Mitochondria

The histones present in chromosomes help in:
(a) Condensation process

(c) Both (a) and (b)

Consider the following statements:

(A) Histones H3 and H4 are rich in arginine

(c) Mesosome (d) Peroxisome

(b) Cell plate
(d) Activity of the cell
(c) Both (a) and (b) (d) None of the above

(b) Golgi complex
(d) Endoplasmic reticulum

(b) Regulation process
(d) None of the above

(B) Histones are positively charged
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(C) Histones are negatively charged (D) Histones bind tightly to the negatively charged
phosphate in DNA
The correct statements are:
(a) A,BandD (b) Aand B (c) Band D (d CandD
182. Which one of the following is the most variable histone?
(a) H, (b) H, (c) HA @ H,

Answers to Multiple-Choice Questions
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105. (c) 106. (d) 107. (a) 108. (c) 109. () 110. (¢ 111. (¢ 112. ()
113. (a) 114. (c) 115. () 116. (d) 117. (@) 118, (@) 119. @) 120. (d)
121. (b)  122. (a) 123. (d) 124. (a) 125. () 126, @) 127. () 128. (c)
129. (c) 130. (d) 131. () 132. () 133. () 134. (@ 135 (b) 136. (c)
137. () 138. (d) 139. (b) 140. (d) 141. (b) 142. (b) 143. (¢) 144. (o)
145. ) 146. () 147. () 148. (d) 149. () 150. () 151. (@) 152. (d)
153. (c) 154. (d) 155. (a) 156. (c) 157. @ 158. (@) 159. (@  160. (a)
161. (b)  162. (b) 163. (c) 164. (d) 165. (@ 166. (d) 167. () 168. (c)
169. (b)  170. (b) 171. () 172. (@) 173. @) 174 () 175. @ 176. (c)
177. (c) 178. (a) 179. (b) 180. (c) 181. (@ 182. (d)

Fill in the Blanks

Action potential on the outer surface of plasma membrane is .
The association and dissociation of ribosomal sub-units depends on the concentration of

The Fo-Fi combination functions as

In adipose cells, endoplasmic reticulum is represented by a few

ok wN =

Phagosomes and pinosomes are collectively known as
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6.

10.
11.
12.
13.
14.

15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

30.

31.
32.
33.
34.

35.
36.
37.
38.
39.
40.

The organelle related with the production and decomposition of H,O, and beta-oxidation of fatty acids
is

Replicas of chromosomes are visible as

The animal cells are interconnected by

Centromeric index is the ratio of of the two arms of a chromosome.
Lomasomes are more common in

Each nucleosome is made up of and

From evolutionary point of view, prokaryotes are considered to be the ancestors of
Histone has tissue-specific forms.

The total amount of DNA per genome of an organism (expressed as pico gram or base pairs) is known
as

The smallest cell without cell wall is

Extrachromosomal DNA is found in and

One DNA molecule is equal to chromatid.

Cell polarity is determined by

In humans, centromere contains million base pairs.

Most human cells contain 23 pairs of chromosomes except,

is the largest cell.

The term ‘totipotency’ was given by

Mesosomes are the extensions of

Mesosomes contain enzymes.

The membrane separating vacuoles from cytoplasm is known as
Sandwich model of plasma membrane was given by

The larger sub-unit of 70S ribosome is and smaller sub-unit is

Chemically, ribosomes are made up of and .

The arrangement of fibril in centrioles is , whereas cilia and flagella have
arrangement.

In animal cells, the multinucleate condition without cell membrane between adjacent cells is known as

of prokaryotes are analogous to mitochondria of eukaryotes.
Folds of inner wall of mitochondria are called

Golgi complex is mainly related with cell

Cilia and flagella are similar in structure but differ in
and

Two nucleosomes are joined together by

Spherosomes are related with the synthesis and storage of

Glyoxysomes generally found in rich plant cells.

The formation of primary lysosomes can be blocked by

The glyoxylate cycle allows Protozoa, fungi, and plants to convert fats into
Glyoxysomes take part in cycle.
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41. Out of two centrioles present in a spermatozoon, the distal centriole gives rise to
42. The elastic nature of cell membrane in animal cells is due to the presence of

43. The pH of cytoplasm is

44. In humans, the nucleolar organisers are located in the secondary constrictions of ,

and chromosomes.
45. Telomere prevents attachment of two
46. Kinetochores can be separated by technique.
47. Nuclear DNA differs from mitochondrial DNA in having
48. There are nucleotide pairs in a diploid cell of humans.
49. is an undifferentiated cell which is capable of giving rise to specialised daughter cells.

50. The array of plaque-like connections between plasma membrane of adjacent cells is known as

51. Intracellular attachments include s and

52. Peroxisomes are rich in

53. Thereis a in the chromosome of yeast.

54. Prokaryotes may carry extrachromosomal called plasmid.
55. Mitochondria of humans contains distinct types of protein.
56. Mitochondrial DNA shows substantial similarity with genomes.

57. The simplest chromosomes are found in

58. Heterochromatin consists mainly of

59. The number of chromosomes is 46 in and .

60. Ca* ATPase of plasma membrane is a protein and was first discovered in the membranes
of .

61. Ineukaryotes, DNA is always present in combination with protein.

62. is a type of lipid that stiffens the membranes of animal cells.

63. acts as garbage disposal of the cell.

64. The acidity of the lysosome is maintained with the help of .

65. The origin of mitochondria is explained by the theory.

66. Cytoplasmic bridges present between adjacent cells are known as

67. Telomerase synthesises only the -rich strand of telomere.

68. Microbodies are of two types, viz., and

69. A centriole contains microtubules.

Answers to Fill in the Blanks

1. Negative 2. Mg* 3. ATP synthetase
4. Tubules 5. Endosomes 6.  Peroxisome
7. Chromatides 8. Desmosomes 9. Lengths

10. Fungi 11. DNA, histones—H A, H,B, H, 12.  Eukaryotes

13. H, and H, 14.  C-value

15. Mycoplasma or PPLO 16. Mitochondria, chloroplasts 17.  One
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61.
64.
67.
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Microtubules

Egg of ostriches
Respiratory

508, 30S
Syncitium
Secretion

Fat

Carbohydrate
Lipids
Chromosomes

2 x4 x10°

Tight juctions, belt
desmosomes, spot
desmosomes
Inactive DNA
Histone

Hydrogen ion pumps
G

Prokaryotic cells multiply more rapidly in comparison to eukaryotic cells.

19.
22.
25.
28.
31.
34.
37.
40.
43.
46.
49.
52.
54.
56.
59.
62.
65.
68.
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18.
21.
24.
217.
30.
33.
36.
39.
42.
45.
48.
51.

One

Morgan

Tonoplast

Protein, rRNA
Mesosomes

Number, length, motion
Fat

Glyoxalate

6.8

CREST

Stem cells

Peroxidase

DNA

Bacterial

Hare and humans
Cholesterol

Endo symbiotic
Peroxisomes, Glyoxysomes

True or False

A few prokaryotic cells are much larger than eukaryotic cells.

20.
23.
26.
29.
32.
35.
38.
41.
44.
47.
50.
53.
55.
57.
60.
63.
66.
69.

Red blood cells
Plasma membrane
Danielli and Davson
9+0, 9+2

Cristae

Linker DNA
Promycin

Axial filament

13, 14, 15,21 and 22
Intrones

Gap junction

Single microtubule
615

Viruses

Transport, red blood cells
Lysosome
Plasmodesmata

27

In the absence of a nucleus, Golgi complex decreases in size and disappears.

The mitochondrial DNA is not capable of mutation.

RNA is Feulgen positive.

Flagella fuse to form cirri.

No cell organelle can survive outside the cell.

Cilia and flagella arise from basal bodies.

Oxysomes are found in peroxisomes.
Water and dissolved materials are unable to pass through a lignified wall.

The G:C ratio of mitochondrial DNA is poor.
Mature sperms and RBCs lack ribosomes.

Cell wall prevents bursting of cells in a hypotonic solution.

Cancer cells get differentiated in culture.

Size of a nucleus depends on the number of chromosomes present in it.

The Fo-F, combination functions as ATP synthetase.

The buoyant density of mitochondrial DNA is low.

Multiplication of mitochondria occurs by binary fission.

Mitochondria lack an adequate DNA repair mechanism.
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22.
23.

24,
25.
26.
27.
28.
29.
30.
31.
32.
33.

34.
35.
36.
37.
38.
39.
40.

41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
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Mesosomes are quite prominent in Gram-negative bacteria.
Phagosomes and pinosomes are collectively known as endosomes.
When ATP concentration is high, the respiratory chain is inhibited.

Each chromatid consists of single chromatin fibre and each chromatin fibre contains a single DNA
double helix.

C and R bands have been used in plant karyotyping.

In an adult human, there may be 107 mitochondrial DNA molecules.

Protoplasm is the part of cell that contains different cell organelles excluding nucleus.
Nerve cell is the longest animal cell.

Dyenin protein is found in centrioles.

Microfilaments are hollow structures.

Both microfilaments and microtubules are contractile structures.

Distribution of microtubules determines cell polarity.

Crossing over is common in heterochromatin.

Histone proteins have not undergone any change during evolution and are identical in all plant and ani-
mal cells.

The mitochondrial wall is not permeable to CoA.

Oxysome is the centre of phosphorylation.

Cells contain 75-85 per cent water.

Water exists in cells in two forms, viz., free and bound.

Calmodulin is found in the cytoplasm of tissue cells.

Mitochondria are one of the most sensitive indicators of injury to a cell.

Presence of a specific carbohydrate at the cell membrane is essential for the cell recognition phenom-
enon.

The cell coat is positively charged.

The melting points of mitochondrial DNA and nuclear DNA are the same.
In the spermatozoa of some fish, the negative charge of DNA is neutralised by protamines.
Nonhistone chromosomal proteins (NHC) stimulate gene activity.
Supernumerary chromosomes are present in all the individuals of a species.
Deletions in mitochondrial DNA may occur all the time.

Microtubules function as an intracellular engine.

Cancer cells are mortal.

Eukaryotic cells are ten times the size of prokaryotic cells.

In prokaryotes, cell size is limited by efficient metabolism.

Mitochondria evolved more than 10° years ago.

Some mitochondrial genes lack codon.

Apoptosis causes swelling of mitochondria.

Mitochondrial DNA denaturates at a higher temperature than nuclear DNA.
The length of each nucleosome is constant in different tissues.
Mitochondrial DNA follows the Mendalian rules of genetic inheritance.
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60.
61.
62.
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64.
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Mitochondria mainly synthesise hydrophilic proteins.

In an adult human, 5070 billion cells die each day.

Gap junctions are called nexus.

Microtubules take part in endocytosis.

Lowering of temperature increases active transport.
Protein constitutes approximately 35 per cent of cytosol.
In humans, chromososome 2 is telocentric.

In 80S ribosome, RNA/protein ratio is 1:1.

Fluidity of membrane decreases at 0°C.

Answers to True or False

1.

9.
17.
25.
33.
41.
49.
57.
65.

True 2. True 3. True 4. False 5. False 6. False 7. True 8. True
False 10. False 11. False 12.  True 13.  True 14. False 15. True 16. True
False 18. True 19. True 20. False 21. True 22. False 23. True 24. False
True 26. False 27. True 28. False 29. False 30. False 31. True 32. False
True 34. True 35. True 36. True 37. True 38. True 39. True 40. True
False 42. False 43, True 44, True 45. False 46. True 47. True 48. False
True 50. True 51. True 52. True 53. False 54. True 55. False 56. False
False 58. True 59. True 60. False 61. False 62. False 63. False 64. True
True

Give Reasons

A typical cell is lacking in eukaryotes.

— Because in higher organisms, specialisation of labour exists and accordingly different groups of
cells are modified in different ways.

Mitochondria are semi-autonomous cell organelle.

— Because biogenesis of mitochondria is due to the involvement of two genetic systems, i.e., mito-
chondrial and nuclear genes.

Mitochondrial genome is genetically not self-sufficient.

— Because most proteins required for the structure and function of this organelle are controlled by the
nuclear DNA.

DNA molecules having high guanine and cytosine content are more resistant to temperature in compari-

son to adenine- and thymine-rich molecules.

— Because guanine and cytosine are held together by three hydrogen bonds, whereas adenine and
thymine are held together by two hydrogen bonds.

Mitochondrial DNA plays a role in the ageing process.

— Because a specific decrease in the amount of cytochrome c-oxidase (an enzyme involved in respi-
ration) occurs, which is encoded by mitochondrial DNA.
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Histones are basic proteins.

— Because they have high content of arginine and lysine which are basic amino acids.

The proof that nuclei contain constant amount of DNA was a landmark achievement in cell biology.

— Because it shows that DNA is the genetic material and genetic information is not destroyed during
the differentiation of the various somatic tissues.

In some regions, endoplasmic reticulum shows a three-layered unit membrane structure.
— Because such a structure allows drastic changes in the surface of the membrane.

Secondary constrictions can be used as a marker.
— Because the position of secondary constriction is always constant.

If a chromosome breaks, the broken ends may fuse.
— Because broken ends of a chromosome lack telomeres.

The outer surface of plasma membrane is negatively charged.
— Due to the presence of sialic acid residues, carboxyl and phosphate groups.

Svedberg units are not added.
— Because loss of area occurs when two sub-units are bound. Besides, the shape of a fully assembled
ribosome has different aerodynamic properties in comparison with two unbound sub-units.

Cancer cells are immortal.

— Because cancerous cells contain telomerase enzyme in large quantities which reconstruct the telo-
meres and permit cell division to continue.

Animal cells generally have irregular shape.

— Because they lack a cell wall.

A close relationship has been developed between mitochondria and nucleus.

— Because majority of enzymatic proteins of mitochondria are synthesised by the nucleus.

Mitochondrial DNA has a higher buoyant density and denaturates at higher temperature.

— Because mitochondrial DNA has higher content of guanine and cytosine.

Nucleolar chromatin segments are condensed and replicate late.

— Because of the presence of inactive rDNA cistron.

Animals ribosomes have lower sedimentation coefficient, still they are slightly larger than 70S ribo-

somes of bacteria.

— Because animal ribosomes contain more protein.

Plant cells have few mitochondria in comparison to animal cells.

— Because in plant cells, chloroplasts also synthesise ATP.

Lysosome provides defence against certain bacteria.

— Because it hydrolyses the peptidoglycan of the cell wall.

Cells are small in volume.

— Because they have to maintain a large surface area to volume ratio in a balanced state.

Mitochondrial ribosomes are rarely affected by antibiotics.

— Because mitochondria are covered by a double membrane due to which any antibiotic is not able to
enter easily into the organelle.

Mitochondrial diseases are transmitted only by females to their offspring.

— Because in sexually reproducing organisms, mitochondria are maternally inherited.

Cells stop dividing.
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— Because telomeres become shorter with each division, and are unable to protect the chromosome.

Study of chromosome behaviour is very important in biology.

— Because its study helps us to follow the behaviour of DNA molecules and genes in a visual function.

Mucolipidoses are classified as lysosomal storage disease.

— Because they involve increased storage of substances in the lysosome.

Peroxisomes protect the cell from the hydrogen peroxide produced by them.

— Because the oxidative enzymes in peroxisomes breakdown the hydrogen peroxide into water and
oxygen.

White blood cells have more lysosomes.

— Because they have to digest more materials than other type of cells in their quest with bacteria,
viruses and other foreign intruders.

The lysosomal hydrolases are active at acidic pH which is beneficial.

— Because if hydrolases leak lysosomes, they are not likely to do damage, unless the cell becomes
acidic.

Mitochondrion is well suited for cellular respiration.

— Because:

(a) Itis double-membraned and smooth but permeable to CO, and pyruvic acid

(b) Inner membrane bears cristae which provide a large surface area for reaction to take place and cris-
tae contain co-enzymes of respiration

(c) Stalked particles present on the inner surface of the membrane seem involved in the conversion of
ADP to ATP

(d) Matrix contains enzymes for Krebs cycle and oxidative phosphorylation

Mitochondria have their own DNA.

— Because they descended from a proto-bacterium that merged with eukaryotic cells over 2 billion
years ago.

Questions based on Diagrams

Select the answer which gives the correct combination of letters pointing to the organelles of the cell
shown in the diagram below with the numerical order of their functions.

1. Protein synthesis
2. Seed germination
3. Cell division
4. Packing
5. Synthesis of ATP

1 2 3 4 5
(a D E C A B
(b) D B C A E
() E A D C B
@ C E B A D
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2. In the diagram of specialised structure of plasma membrane below, which part is involved in cell adher-
ences?
(a) I
(b) I
(c) I
(@ 1Iv

3. In the diagram of mitochodrion below, identify the part in which respiratory chain complexes are lo-
cated.

(@) I (b) T () I @ 1Iv

4. In the diagram above, which part is involved in oxidative phosphorelation?

(a IV (b) I (o I @ I
5. Identify the labelled part which is formed by Golgi complex in the diagram below.
(a) 1 (b) I (c) I @ 1Iv

Head

Middle Piece (1ll)

Mitochondria

6. In the diagram above, which labelled part is known as ‘Engine room’ of the sperm?
(a) IV (b) 1II (c) I @ I

7. Identify the labelled part in the given diagram of chromosome that synthesises enzyme Telomerase.
(a) 1 (b)y I (c) I @ 1Iv
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8. In the diagram above, which region is characterised by large amounts of tendemly repeated satellite
DNA and specific proteins in mammals?
(a) IV (b) III (c) I @ I

9. In the diagram below, which one is a telocentric chromosome?
(@ A
() B
(¢ C
(d D

10. The diagram below is associated with:
(a) Ribosome
(b) Lysosome
(c) Chromosome

(d) Centrosome Mistone core

Core DNA
Nucleosome (1.75 km)
— Linker
DNA
- —
(a) Linker DNA

(b)

11. In the diagram of nucleosome above given, which one of the following is absent?
(a) H, (b) HA (c) H, (d) H,

Answers to Questions based on Diagrams

1. (b) 2. (c) 3. (b 4. (a 5. (a) 6. (b) 7. (@) 8. (b)
9. (d) 10. (¢ 11. ()
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GENETICS OF CELL DIVISION

Multiple-Choice Questions

Consider the following statements about a phase of the cell cycle:

(A) Takes approximately 30-50 per cent part of entire cell division

(B) Transcription of rRNA, tRNA, mRNA and protein synthesis occurs

(C) Chromatin is fully extended

(D) Sometimes, fast dividing cells lack this phase (striated muscle cells and neurons)

This is:

(a) G, phase (b) S phase (c) G, phase (d) M phase

The rates of RNA transcription and protein synthesis are very low during:

(a) G, phase (b) S phase (c) G, phase (d) G, phase

Which one of the following functions to block the cell cycle, if the DNA is damaged?

(a) CDK (b) p¥ (c) p® (d) Cyclin
Experimental evidence of cell cycle checkpoint was given first by:

(a) Rao and Johanson (1970) (b) Karlin and Nevo (1986)

(c) Weiner and Lee Hartwell (1988) (d) Von Holde (1988)

Most of the histone production occurs during:

(a) G, phase (b) S phase (c) G, phase (d) G, and G, phases
Which one of the following is a protein that binds to cyclin and CDK, blocking entry into the S phase?
(@ p” (b) p* (©) p¥ (@ p*

Which one of the following is regulated by checkpoints?

(a) Initiation of DNA synthesis (b) Assembly and integrity of the mitotic spindle

(c) Attachment of chromosome to mitotic spindle (d) All of these
Most cells in the human body are in:

(a) G,phase (b) G, phase (c) S phase (d) G, phase
Cyclins accumulate during phase of the cell cycle.
(a) G, (b) S (©) G, (d) All of these

Tissues that require fast cellular renovation (mucosa and endomaterial epithelia) have:
(a) No G, phase (b) Shorter G, phase (c) Longer G, phase (d) All of the above

Pascal triangle is a model of:

(a) Prokaryotic cell (b) Eukaryotic cell (c) Cell division (d) DNA distribution
The correct sequence of phases of cell cycle is:
@ G~G,~S~M (b) G~->S~>G~M ©) G,»S$S-G~G,~»M (d) G~-S~G,~G,~M

Consider the following statements:
(A) Cdc 25 is a protein phosphatase responsible for dephosphorylatoin and activation of Cdc2
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(B) Cdc 25 is phosphorylated throughout interphase but not in mitosis
(C) p* is a transcription factor whose activity is regulated by phosphorylation
(D) The ataxia telangiectasia mutated gene (ATM) encodes a protein kinase which acts as a tumour sup-

pressor
The correct statements are:
(a) All of these (b) A,BandC (c) Aand D (d BandC
14. Cyclin was first discovered in:
(a) Escherichia coli (b) Drosophila melanogaster
(c¢) Sea urchin (d) Neurospora
15. The cells with high levels of Maturation Promoting Factor (MPF) are present in:
(a) G, phase (b) M phase (¢) G, phase (d) S phase
16. Which one of the following is applicable to Epidermal Growth Factor (EGF)?
(a) Stimulate cell proliferation (b) Small protein
(c) Single peptide chain (d) All of these
17. Replication of centriole takes place during:
(a) G, phase (b) G, phase (c) S phase (d) G, phase
18. Which one of the following statements is incorrect about Cdc2 (cell division control) protein?
(a) First identified in yeast (S. pombe) (b) Equivalent to Cdc28 in budding yeast
(c) Equivalent to Cdkl in mammals (d) None of these

19. Consider the following statements:
(A) In a normal cell, the p* protein level is low
(B) p* is a tumour-suppressor protein and is also known as the ‘Guardian of the Genome’
(C) The major regulator of p** is Mdm2
(D) p¥ is an anti-transcriptional activator

The correct statement is:

(a) All of these (b) A,BandC (¢) Band C (d) Cand D
20. Of the 22,000 genes in each human cell, nearly play a part in mitosis.
(a) All (b) 1,000 (c) 600 d 4

21. Which one of the following statements is incorrect?
(a) Synthesis of DNA occurs during S phase. (b) M phase is the shortest stage of cell cycle.
(c) Synthesis of histone occurs during S phase. (d) G, stage is characterised by significant
metabolic activities.

22. In yeast, mitotic entry of G2 cells is delayed by the:

(a) BUB gene (b) rad9 gene (¢c) p* gene (d) p?' gene
23. Cyclin degradation and MPF inactivation result in:

(a) Nuclear reformation and cytokinesis (b) Chromosome decondensation

(c) Chromosome segregation (d) All of these
24. Decision for cell division is made during:

(a) G, phase (b) G, phase (c) S phase (d) M phase
25. Match column I with column II and select the correct answer using answer codes

Column I (Gene) Column IT (Function)
(A) wee 1 1. Dephosphorylation of Cdk1

B) suc 1 2. Phosphorylation of Cdk
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(C) nim 1 3. Negative control on wee 1
D) cdc 25 4. Converts M form of Cdkl to S form
Answer codes:
A B C D
(a 3 4 2 1
(b) 4 1 2 3
() 2 4 3 1
d 2 1 4 3
Active MPF induces:
(a) Breakdown of nuclear membrane (b) Condensation of chromosome
(c) Assembly of spindle (d) All of these
In mammals, which one of the following genes causes delay in entry of cells with damaged DNA into the
S phase:
(@) p* (b) p* (c) Het' () nim!
Inactive M-CDK is present in large amount:
(a) In the beginning of G, phase (b) At the end of G, phase
(c) Inthe S phase (d) In the beginning of M phase
The cell size becomes double during:
(a) G, phase (b) S phase (¢) G, phase (d) M phase
The condition during cell cycle when cell has undergone differentiation is known as:
(a) S phase (b) M phase (¢) G, phase (d) G, phase
In a diploid cell, the amount of DNA content in S phase is:
(a) 4n (b) 6n (c) 8n (d) 2n
In cell cycle, DNA polymerase is active in:
(a) G, phase (b) S phase (c) G, phase (d) G, phase
G, state of cell refers to:
(a) Pre-mitotic gap phase (b) Abnormal synthesis of DNA
(c) Entry of cell in cell cycle (d) Exit of cell from cell cycle
Which one of the following is known as invisible stage of M phase?
(a) G, phase (b) G, phase (c) S phase (d) G, phase
The period between the completion of DNA synthesis and the start of mitosis is known as:
(a) G, phase (b) S phase (c) G, phase (d) G, phase
The two main phases of cell cycle are:
(a) Interphase and mitosis (b) Prophase and anaphase
(c) Metaphase and anaphase (d) Prophase and telophase
Tumour growth factor beta inhibits:
(a) Abnormal cell proliferation (b) Proteins p'¢ and p*
(c) p® (d) All of these
The period after DNA synthesis has occurred but before the start of prophase is called:
(a) G, phase (b) S phase (c) G, phase (d) G, phase

Which one of the following statements is incorrect about metaphase?
(a) Itis the most dynamic stage.
(b) Chromosomes have maximum contraction.
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(c¢) Each chromosome consists of two sister chromatids.
(d) Itis suitable for counting of chromosome number and banding.

40. Division of centromere occurs during.

(a) Prophase (b) Metaphase (c) Anaphase (d) Telophase
41. Biosynthesis of nucleolus occurs during:

(a) Telophase (b) Anaphase (c) Metaphase (d) Prophase
42. Which one of the following does not occur during interphase?

(a) Duplication of centriole (b) Division of centromere

(c) DNA duplication (d) Synthesis of RNA and proteins
43. The anaphasic chromosomes appear:

(a) J shaped (b) V shaped (c) L shaped (d) All of the above
44. Centromeres of all the chromosomes lie over the equator during:

(a) Prophase (b) Metaphase (c) Anaphase (d) Telophase
45. Which one of the following is of the shortest duration?

(a) Anaphase (b) Metaphase (c) Prophase (d) Telophase
46. Which one of the following promotes and stabilises the formation of microtubules?

(a) Taxol (b) Podophyllotoxin (c) Vinblastine (d) All of these

47. Consider the following statements:
(A) Kinesin and dynein proteins are associated with centrosome
(B) The forces generated by kinesin and dynein proteins are opposite in direction
(C) All microtubules located between the poles and kinetochores have the same polarity
(D) Condensin in is a multi-sub-unit protein

The correct statements are:

(a) Al (b) A,BandC (¢c) B,Cand D (d) BandD
48. In meiosis, division of centromere occurs in:

(a) Metaphase I (b) Anaphase I (c) Metaphase II (d) Anaphase II
49. Crossing over occurs in:

(a) Zygotene (b) Pachytene (c) Diplotene (d) Diakinesis

50. Which one of the following is an incorrect match?
(a) Bivalent — Zygotene
(b) Chiasmata formation — Pachytene
(c) Chiasmata are almost fully terminalised — Metaphase I
(d) Kinetochores — Form the mitotic spindle

51. Free nuclear divisions occur in:

(a) Opalina (b) Dinoflagellates (c) Diptera (d) All of these
52. Separation of chromosomes into chromatids occurs in:

(a) Metaphase I (b) Anaphase I (c) Anaphase II (d) Telophase II
53. Chromosome condensation and microtubules formation begin in the:

(a) G, phase (b) S phase (¢) G, phase (d) Prophase
54. Which one of the following occurs in zygotene?

(a) Terminalisation (b) Synapsis (c) Crossing over (d) Chiasmata

55. Consider the following statements about syneptonemal complex:
(A) Bipartite structure (B) First discovered by Moses (1956)
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(C) Its lateral elements lack DNA and RNA

(D) King (1970) proposed hypothesis for the formation of syneptonemal complex
The correct statements are:

(a) All of the above (b) A,BandC (c) Band D (d CandD

When cell size increases, surface area of cell in the same proportion as the cell volume.
(a) Decreases (b) Increases

(c) Does not increase (d) Depends on physiological condition of the cell
Bivalents appear as darkly stained round bodies during:

(a) Diakinesis (b) Diplotene (c) Pachytene (d) Zygotene

Which one of the following is related with alternation of generation?

(a) Amitosis (b) Mitosis (c) Meiosis (d) None of these
During meiosis, separation of homologous chromosomes begins in:

(a) Pachytene (b) Diplotene (c) Diakinesis (d) Anaphase I

The fact that each association of chromosomes in pair at zygotene involves one paternal and one mater-
nal chromosome was first pointed out by:

(a) Von Winiwarter (1900) (b) Montgomery (1901)

(c) Sutton (1902) (d) Elinors E. Carothers (1913)
Disjunction takes place during:

(a) Pachytene (b) Metaphase I (c) Anaphase I (d) Telophase I

If in a cell, the number of bivalents is 20, what would the number of chromosomes observed during
anaphase 11?7

(@ 5 (b) 10 () 20 (d) 40
Match column I with column IT and select the correct answer using answer codes:
Column I Column IT
(A) Bouquet stage 1. Prophase
(B) Pairing of homologous chromosome 2. Leptotene
(C) High refractivity and viscosity cytoplasm 3. Zygotene
(D) Lampbrush chromosome 4. Diplotene
Answer codes:
A B C D
(@ 2 3 1 4
(b) 4 3 1 2
03 4 2 1
@ 2 4 3 3
Which one of the following is applicable to mitosis?
(a) Syneptonemal complex (b) Crossing over
(c) Tetravalent (d) None of these
Division of mitochondria and plastid occurs during:
(a) G, phase (b) S phase (c) G, phase (d) M phase
Telophase and interphase are omitted in the meiosis of:
(a) Diptera (b) Odonata (c) Hemiptera (d) C.elegans

Syneptonemal complexes are lacking in the meiosis of:
(a) Male diptera (b) Female diptera (c) Male C.elegans (d) Male odonata
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68. Mitotic poison interferes with:

(a) Centrioles (b) Centromeres (c) Spindle (d) All of these
69. Valium:
(a) Prevents the separation of centrioles (b) Prevents formation of spindle microtubules
(c) Induces formation of multipolar spindle (d) Increases formation of spindle microtubules
70. How many meiotic divisions are required to produce 100 seeds?
(a) 25 (b) 50 (c) 125 (d) 150
71. In which one of the following has cell cycle regulation been studied in detail?
(a) Yeast (b) E. coli (¢c) Drosophila (d) Neurospora
72. According to dynamic equilibrium hypothesis, of microtubules is directly responsible for the
movements of chromosomes.
(a) Polymerisation (b) Phosphorylation
(c) Polymerisation and depolymerisation (d) Phosphorylation and dephosphorylation
73. In eukaryotes, mitosis is mainly concerned with:
(a) Growth (b) Repair of the tissue  (c) Asexual reproduction (d) All of these
74. In primary spermatocyte, there is a amount of DNA.
(a) Tetraploid (4n) (b) Diploid (2n) (c) Haploid (n) (d) Octaploid (8n)
75. Chromomeres become larger and fewer in numbers in:
(a) Zygotene and pachytene (b) Pachytene
(c) Diplotene (d) Diplotene and diakinesis

76. The two lateral arms of syneptonemal complex are separated by an axial space of lower density in most
plants and animals, except:

(a) Nematodes (b) Insects

(c) C. elegans (d) Ascaris megalocephala
77. DNA content is highest in:

(a) Primary spermatocyte (b) Secondary spermatocyte

(c) Spermatid (d) Spermatozoon
78. Which one of the following stages may last for days, week or even years?

(a) Leptotene (b) Zygotene (c) Pachytene (d) None of these
79. Segregation of homlogous chromosome takes place during:

(a) Diakinesis (b) Metaphase I (c) Anaphase I (d) Anaphase II
80. In which one of the following does syneptonemal complex start at the telomeres?

(a) Ascaris megalocephala (b) Bombyx mori

(c) Drosophila melanogaster (d) Chironomous
81. Which one of the following is the main component of syneptonemal complex?

(a) Protein (b) Lipid (c) DNA (d) Lipid and RNA
82. Centriolar cycle does not involve:

(a) Disorientation (b) Depolymerisation (c¢) Nucleation (d) Elongation

83. Chromosomes are shortest and thickest in:

(a) Prophase (b) Metaphase (c) Anaphase (d) Telophase
84. Which one of the following statements is incorrect about zygonemal DNA?

(a) Has a lesser buoyant density than other DNA (b) Rich in guanine—cytosine

(c) Has highly repeated sequences of nucleotides (d) None of these



The McGraw-Hill Companies
Genetics of Cell Division @@

85. Which one of the following is difficult to identify during mitosis?

(a) Mitochondria (b) Golgi complex (c) Chloroplast (d) Centrioles
86. The best stage for cytogenetic study is the:

(a) Prophase (b) Metaphase (c) Anaphase (d) Telophase
87. There is no crossing over in males of:

(a) Phryne fenestralis (b) Tipula caesia

(c) Drosophila melanogaster (d) All of these

88. The number of meiotic divisions required to produce 40 speramatids is:
(a) 8 (b) 10 (c) 20 (d) 40

89. A cell having 40 chromosomes is undergoing mitotic division. What will be the number of chromo-
somes during anaphase?

(a) 10 (b) 20 (c) 40 (d) 80
90. Chiasmata formation is the result of:

(a) Terminalisation (b) Synapsis (c) Crossing over (d) Nondisjunction
91. Which one of the following inhibits microtubule assembly?

(a) Colchicine (b) Vinblastine (c) Podophyllotoxin (d) All of these
92. Match column I with column II and select the correct answer using answer codes:

Column I Column IT

(A) Schneider (1887) 1. Lajtha (1963)

(B) Whiteman (1887) 2. Mitosis

(C) Flemming (1872) 3. Karyokinesis

(D) G, phase 4. Cytokinesis

Answer codes:

A B C D
(a) 4 3 2 1
) 2 4 1 2
©) 2 1 2 4
d 3 4 2 1

93. Which one of the following statements is incorrect about telophase?
(a) There is increase in the viscosity and refractivity of cytoplasm.
(b) Itis almost reverse of prophase.
(c) The two centrioles organise themselves into centrosome.
(d) Chromosomes undergo decondensation.

94. Mid body occurs in of animal cell.
(a) Cytokinesis (b) Telophase (c) Anaphase (d) Metaphase
95. Amitosis was first described by Robert Remark (1855) in:
(a) Liver cells of chick embryo (b) Red blood corpuscles of chick embryo
(c) Red blood corpuscles of frog (d) Kidney cells of chick embryo
96. Cell lineage theory was proposed by:
(a) Remark (1841) (b) Rudolf Virchow (1855)
(c) Van Benden (1887) (d) Winiwater (1900)
97. In mitosis, there is no pairing of homologous chromosomes except in:
(a) Amphibian oocytes (b) Somatic cells of salivary glands of Drosophila

(c) Kidney cells of chick embryo (d) Somatic cells of salivary glands of Ascaris



The McGraw-Hill companies

@@ Cytology, Genetics and Molecular Genetics

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

Which one of the following is applicable to mitosis?
(a) Reduction in the number of chromosomes  (b) Synapsis

(c¢) Terminalisation (d) None of these

Reduction in the number of chromosomes takes place during:

(a) Diakinesis (b) Metaphase I (c) Anaphase I (d) Anaphase II
Tetrad formation occurs during:

(a) Zygotene (b) Pachytene (c) Diplotene (d) Metaphase I
The progress of cell cycle is regulated by:

(a) Actins (b) Myosins (c) Cyclins (d) All of these
At the end of cytokinesis, the daughter cells enter phase.

(a) G, (b) G, () S (d) None of these
Cells divide for:

(a) Growth (b) Repair (c) Reproduction (d) All of these
Chromosomes become visible during:

(a) Prophase (b) Metaphase (c) Anaphase (d) Telophase
A small amount of crossing over has been reported in the males of:

(a) Drosophila melanogaster (b) D. ananassae

(¢) D. malerkotliana (d) D. bipectinata

Which one of the following is a checkpoint in the cell cycle?

(a) DNA damage (b) DNA replication (c) Spindle (d) All of these
Consider the following statements:

(A) Mutants of MAD and BUB genes in mammals and yeast activate the spindle checkpoint
(B) G, checkpoint monitors unreplicated and damaged DNA

(C) G, checkpoint stimulates progression into S phase by activating S-CDK complex

(D) In yeast, gene Cdc13 activates Cdkl for S phase

The incorrect statements are:

(a) A,BandC (b) Aand C (c) BandD (d) None of these
Synzetic knot is applicable to:
(a) Drosophila (b) Chironomous (c) Lilium (d) All of these
Spindle is without:
(a) Asters (b) Centrioles (c) Blepharoplast (d) All of these
Which one of the following appears to have a role in the assembly and disassembly of spindle microtu-
bules?
(a) Calcium ion (b) Calcium-binding protein
(c) Calmodulin (d) All of these
Which one of the following statements is incorrect about spindle?
(a) Itis essential for mitosis. (b) It is mainly protein gel.
(c) It undergoes cycle of dissolution and (d) None of these

reformation.
Syneptonemal complex first appear during:

(a) Leptotene (b) Zygotene (c) Pachytene (d) Diplotene
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Answers to Multiple-Choice Questions

1. (o) 2. (b) 3. (@ 4. (o) 5. (b) 6. (a) 7. (d) 8. (a
9. (d 10. (b) 1. (c) 12. (b 13. (a) 14. (o) 15. (b) 16. (d)
17. () 18. (d) 19. (b) 20. () 21, (d) 22, (b) 23, (d) 24. (b)
25. () 26. (d) 27. (b) 28. (b) 29. (a) 30, (d) 3. (a) 32, (b)
33. (d) 34. (c) 35. (c) 36. (a) 37. () 38. (c) 39. (a) 40. (c)
41. (a) 42. (b) 43, (d) 44. (b 45. (a) 46. (a) 47. (b) 48. (d)
49. (b) 50. (d) 51. (a) 52. (o) 53. (0 54. (b) 55. () 56. (c)
57. (a) 58. () 59. (b) 60. (b) 6l. (c) 62. () 63. (a) 64. (d)
65. () 66. (b) 67. (a) 68. (d) 69. (a) 70.  (c) 71. (a) 72, (o)
73. (d) 74, (a) 75. () 76.  (b) 77. (a) 78. () 79. () 80. (b)
81. (a) 82. (b) 83. (b) 84. (a) 85. (d) 86. (b) 87. (d) 88. (b)
89. (d) 90. (c) 91. (d) 92. (d) 93. (a) 94. (a) 95. (b) 9. (b)
97. (b) 98. (d) 99.  (c) 100. (b) 101. () 102. (b) 103. (@) 104. (a)

105. (b) 106. (d) 107.  (c) 108.  (c) 109.  (d) 110.  (d) 111, (d) 112.  (b)

Fill in the Blanks

1. phase, phase, and phase are collectively called interphase.

2. The period between M phase and S phase is called phase.

3. Each Cyclin-Dependent Kinase (CDK) consists of two parts, viz., an enzyme called and a
modifying protein called

Mitotic cyclins accumulate gradually during phase.
G, cyclins binds to CDK proteins during phase.

4
5
6. The force acting on anaphase chromosome is about dynes.
7. In , there is duplication of chromosomes but the nucleus does not divide.
8. Terminal meiosis is also known as meiosis.

9.  The process of bringing of chromosome on equator is known as

10. Chiasmata were first observed by

11. Cell division was first studied by

12. Pairing of homologus chromosomes is known as

13. Chiasmata first appeared in the region of

14. The position of chiasmata may be , or

15. A diploid cell undergoing meiosis is called

16. A cell undergoing mitosis is called

17. The synapsis of homologous chromosomes results in the formation of

18. The interzonal fibres are observed during and between the daughter chromo-
somes.
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19. The site of implantation of microtubules in the chromosome is the
20. Kinetochores can be isolated by the technique.

21. Separation of homologous chromosomes is called

22. Congression occurs during

23. The shape of a chromosome can be best studied in the stage.

24. Oocytes contain chromosome.

25. Syneptonemal complex is formed during of prophase I.

26. Four chromatids are found during of meiosis.

27. The cell cycle phase between two mitosis is called

28. Homologous pairs of chromosomes are identical in shape and appearance, except chromosomes.
29. A tetrad is composed of two chromosomes, viz., one and one

30. A tetrad is composed of two .
31. The spindle is formed around a cytosolic structure called

32. A is the attachment point for the spindle fibres.

33. phase is the time when a cell leaves the cell cycle and quits dividing.

34. Cohesion between sister chromatids is established during the phase.

35. is a type of cell division that forms egg and sperm cells.

36. is the longest stage of cell division.

37. Successive S phases without entering into divisional phase result in endoploidy through

38. In budding yeast, the cell cycle consists of three cycles, viz., cycle, cycle and

cycle.

39. Duplication of chromosomes without cell divisioniscalled .

40. During S phase, cyclins and on making complex with Cdc28 lead to DNA rep-
lication.

41. In humans, on average after 52 divisions, the cells stop dividing. This is known as
42. Mitosis and cytokinesis together constitute the phase of the cell cycle.
43. The cell cycle starts in , with active synthesis of proteins and RNA.

44. Before entering into the M phase, cells are in .

45. 1In meiosis, the first division is , whereas the second division is

46. Meiosis was first discovered in the eggs of

47. are eukaryote organisms, which do not have meiosis.

48. meiosis occurs in lower plants.

49. The two copies of each chromosome formed during the S phase are called

50. A protein complex present inside each centromere is called

51. The pedigree of cells related through divisions which enable one to trace a cell’s predecessors and prog-
eny is called

Answers to Fill in the Blanks
1. G,S,G, 2. G, 3. Kinase, cyclin
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G, 5. G 6. 7x10°1
Endomitosis 8. Gametic 9. Congression
Johanssen (1909) 11. Prevost and Dumas (1824) 12. Synapsis
Crossing over 14. Terminal, subterminal, interstitial 15. Meiocyte
Mitocyte 17. Syneptonemal complex 18. Anaphase, telophase
Kinetochore 20. CREST 21. Disjunction
Metaphase 23. Metaphase 24. Lampbrush
Zygotene 26. Pachytene 27. Interphase
Sex 29. Maternal, paternal 30. Dyads
Centrosome 32. Kinetochore 33. G,

S 35. Meiosis 36. Interphase
Endomitosis 38. Chromosome, centrosome, 39. Endomitosis
clbs, c1b6 cytoplasmic 41. Hayflick limit
Mitotic (M) 43. G, 44. Interphase
Reductional, equational 46. Sea urchin 47. Excavata
Zygotic 49. Sister chromatids 50. Kinetochore
Cell lineage

True or False

During interphase, the cell is metabolically inactive.

The steps of mitosis are controlled by a number of genes.

In meiosis, DNA is replicated only once but the nucleus divides twice.

Meiosis ensures that the haploids are a complete set of chromosomes.

Any circulating RBC that has a chromosome is very likely a sign of an RBC cancer.
A cell spends 90 per cent of its time in interphase.

Duration of G, is constant for all species.

Epithelial cells frequently enter the G, phase.

The cells that enter the G, phase are destined to die.

The length of S phase and G, phase, respectively, are almost equal in all cell types.
Cancer cells cannot enter the G, phase.

Errors in mitosis can kill a cell through apoptosis.

The G, cyclins are found in all eukaryotes.

The proteins encoded by the retinoblastoma susceptibility gene (pRB) and p*® proteins are tumour sup-
pressors.

Cells in the G, phase may re-enter the G, phase.

Asymmetric cell division is also known as determinative cell division.

Muscles and connective tissues have shorter G, phase in comparison to mucosa and endometrial epithelia.
Activation of maturation-promoting factor causes stable interphase state.
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19. Cyclin is a regulator of maturation-promoting factor.

20. Cells in culture cannot be in the G state.

21. Cells in the G, state have duplicated DNA content.

22. Cyclin is destroyed during each mitosis.

23. Fall in activity of maturation-promoting factor initiates anaphase.
24. (Cdc25 is inactivated by polykinase.

25. Generally, the number of chiasmata per bivalent depends on the length of chromosomes.

26. Amitosis was discovered by Carpenter.

27. Karyokinesis is a discontinuous process.

28. Mitosis is useful in regeneration.

29. In plant cells, cytokinesis is centrifugal.

30. In the meiotic division of Trillium, telophase I is absent.

31. Nerve cells of mammals have the longest interphase.

32. In mitosis, every chromosome behaves independently.

33. In meiosis, two replication cycles of DNA are followed by two divisions.
34. Two homologous chromosomes fuse during pairing.

35. During diakinesis, the number of chiasmata diminishes.

36. Diplotene may last for months or years.

37. The number of DNA strands during the G, phase is four.

38. Kinetochores lack tubulin.

39. Cobhesin is a dimeric protein.

40. Prophase involves condensation of chromosomes and their splitting into chromatids.
41. Generally, chiasmata disappear during diplotene.

42. Syneptonemal complex plays a role in chromosome pairing.

43. The spindle structures of mitosis and meiosis differ in their structure.
44. Birefringence increases when the chromosomes are separating.

45. Root tip is the best material to study mitosis.

46. In anaphase I, chromosomes are double stranded.

47. Meiosis I separates sister chromatids.

48. Amitosis causes structural and functional abnormalities in cells.

49. In animal cells, microfilaments are involved in cytokinesis.

50. Menstruated oocytes are arrested in meiosis II.

51. Before a cell divides, it must make a copy of its DNA.

Answers to True or False

1. False 2. True 3. True 4. True 5. True 6. True 7.
9. False 10. True 11. True 12. True 13. False 14. True 15.
17. False 18. False 19. True 20. False 21. False 22. True 23.

False
True
True

8. False
16. True
24. False
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True 26. False 27. False 28. True 29. True 30. True 31. True 32. True
False 34. False 35. True 36. True 37. False 38. False 39. False 40. True
True 42. True 43. False 44. False 45. True 46. True 47. False 48. True
True 50. False 51. True

Give Reasons

Eukaryotic cell division is more complicated than prokaryotic cell division.

— Because eukaryotes possess:

(a) A nucleus

(b) More than one chromosome

(c) Two types of nuclear division, viz., mitosis and meiosis

The two nuclei created by mitosis are genetically identical.

— Because the sister chromatids at metaphase are identical.

Mitosis is often called copy division.

— Because during this division, genetic material is copied.

Meiosis is different from mitosis.

— Because meiosis involves two divisions as well as chromosomes line up differently at the two dif-
ferent metaphase plates (as tetrads in the first division and as dyads in the second division).

In second meiotic division, there is no duplication of genetic material.

— Because second division follows without interphase or S phase.

Chromosomes are the most important part of mitosis.

— Because during mitosis, the chromosomes are duplicated and then separated into two daughter
cells.

Mutation in checkpoint genes may lead to cancer.

— Because it causes deregulation of cell division.

Cyclins are so named.

— Because of their constant cycle of synthesis and degradation during cell division.

Prokaryotic and eukaryotic cells do not divide in the same way.

— Because of their structural differences.

Epidermal Growth Factor (EGF) and Insulin-like Growth Factor (IGF) are also known as progression

factors.

— Because they maintain the process of cellular progression to ongoing mitosis.

G, cells decrease in size.

— Because of the rapid degradation of their protein and RNA content as well the slow rate of their
synthesis.

The 2:0 errors are also known as nondisjunction errors.

— Because of the failure of separation of sister chromatids during mitosis.

In microorganisms, the mitotic poisons have negative effect.

— Because they lack spindle apparatus.
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14. The distribution of genetic material among daughter cells is important.
— Because their future development and generation of cells from that will be solely dependent on the
genetic material received from the parent cell.
15. Chromomeres may be used to identify a specific chromosome of an organism.
— Because they are characteristic in size, number and position for a particular chromosome.
16. In humans and animals, the type of meiosis that occurs is called gametic meiosis.
— Because it occurs just before the formation of gametes.
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History of Genetics

1866
1869

1900

1903
1905

1906
1908

1908
1910

1913
1927
1928

1931

1933

1937

1948-
1950

1941
1944
1949
1950

1952

Gregor Johann Mendel formulated the Laws of Heredity.

Friedrich Miescher discovered a weak acid in the nuclei of white blood cells
that is today called DNA.

Carl Correns, Hugo de Vries and Erich Von Tschermak rediscovered Mendel’s
principles, independently marking the beginning of Modern Genetics.

Chromosomes were rediscovered to be hereditary units.

N Stevens and E Wilson independently described the behaviour of sex chromo-
somes as XX determines female and XY determines male.

William Bateson coined the term genetics.

A Garrod proposed that some human diseases are due to inborn errors in
metabolism.

Hardy—Weinberg law was derived.

T H Morgan pointed out that genes are located on the chromosomes and
proposed the theory of sex-linked inheritance.

First genetic map of a chromosome was prepared by A Sturtvant.
H J Muller used X-rays to produce artificial gene mutation in Drosophila.

Frederick Griffith discovered a hereditary molecule that is transmissible
between bacteria.

Harriet Creighton and Barbara McClintock demonstrated cytological proof of
crossing over in maize.

Jean Brachet demonstrated that DNA is found in the nucleus and RNA in the
cytoplasm.

A E Blakeslee induced polyploidy with colchicine.

Barabara McClintock developed the hypothesis of transposable elements to
explain colour variation in maize.

E L Tatum and G W Beadle propounded ‘one-gene—one-enzyme’ theory.
O T Avery, C McLeod and M McCarty isolated DNA as genetic material.
L Pauling demonstrated that protein structure is under genetic control.

E Chargaff demonstrated that adenine—thymine groups are always equal to cy-
tosine—guanine groups.
A D Hershey and M Chase proved that DNA is genetic material.

______
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1953
1955
1956

1956
1957
1958

1958
1961
1961
1961
1965
1970
1970
1972

1972

1972
1972
1973

1973

1977
1979
1980
1980
1981
1981
1983
1985
1987

1989

1990
1990
1991

J D Watson and F H C Crick demonstrated the double helical model for DNA.

A Kornberg and S Ochoa synthesised nucleic acid in vitro.

A Gierer and G Schramm demonstrated that RNA is the genetic material of TMV (Tobacco Mosaic
Virus).

J H Tijo and A Levan established that the correct number of chromosomes in humans is 46.

S Benzer proposed the concept of cistron, recon, and muton.

M Meseleson and F W Stahl experimentally proved that the mode of replication in DNA is
semiconservative.

F H C Crick proposed the central dogma.

F H C Crick proved the triplet nature of genetic code.

M W Nirenberg and J] H Mathaei deciphered the genetic code.

F Jacob and J Monod proposed operon concept.

F H C Crick proposed the Wobble hypothesis.

H Khorana synthesised an artificial gene from DNA nucleotides.
H Temin and D Baltimore discovered reverse transcription.

H Smith and K Wilcox isolated the first restriction enzyme, Hind II, which cut DNA molecules
within specific recognition sites.

W Fiers and his team were able to determine the sequence of a gene (gene for bacteriophage MS2
coat protein) for the first time.

Paul Berg and Herb Boyer produced the first recombinant DNA molecules.
S H Kim suggested three-dimensional structure (L-shaped model) of tRNA.

E M Southern developed Southern blotting technique for analysing the related genes in DNA
restriction fragment.

Annie Chang and Stanley Cohen showed that a recombinant DNA molecule can be maintained and
replicated in E. coli.

P A Sharp and R J Roberts discovered split genes of adenovirus.

Alwine and his team discovered the Northern blotting technique.

Zambryski, Van Montagu and Schell developed transgenic plant (Agrobacterium mediated).

F Sanger and his team sequenced the entire genome of bacteriophage ¢X174.

Harbes, Jahner and Jaenisch developed transgenic mice.

Three independent research teams announced the discovery of human oncogenes (cancer genes).
K B Mullis discovered the polymerase chain reaction.

A Jeffreys discovered DNA fingerprinting.

S Tonegawa was awarded the Nobel Prize for discovering the rearrangements of DNA sequences of
mammalian immunoglobulin genes to produce a large variety of antibodies.

F Collins and L C Tusi identified the gene coding for the cystic fibrosis trans-membrane conduc-
tance regulator protein (CFTR) on chromosome 7, which when mutates causes cystic fibrosis.

First gene therapy was performed.
Genome project began.
Lalji Singh developed a new technique of DNA fingerprinting using BKM-DNA probe.
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1994 Genetically modified tomatoes were marketed.

1995  The genome of Haemophilus influenza (the first genome of free-living organism) was sequenced.

1997  The first cloning of a mammal (Dolly, a sheep) was performed by Ian Wilmut and his colleagues.

1998  The first genome sequence of a multicellular eukaryote (Caenorhabditis elegans) was released.

2001  First draft sequences of human genome were simultaneously released by the Human Genome

Project and Celera Genomics.

2003  Successful completion of the Human Genome Project with 99 per cent genome sequenced to a 99.99

per cent accuracy.

2006 M Pembrey and O Bygren reported sex-specific male-line transgenerational response in humans.

2007  Controversies continue over human and animal cloning, research on stem cells and genetic

modification of crops.

MENDELISM

Gregor Johann Mendel was an Austrian priest in a monastery at Brunn.
He conducted experiments on garden pea (Pisum sativum) for inheritance of characters.
The conclusions were published in the annual proceedings of the Natural History Society of Brunn in
1865.
The results remained obscure till a rediscovery by three scientists, namely, Hugo de Vries (Holland), Karl
Correns (Germany) and Kris Von Tschermark (Austria) in 1900.
On the basis of the results of the monohybrid cross and the dihybrid cross, Correns formulated four laws
of inheritance, namely,

1. Law of Unit Character

2. Law of Dominance

3. Law of Segregation

4. Law of Independent Assortment
Due to many exceptions in Law of Unit Character, this law was immediately dropped.
Exceptions have also been reported in Law of Dominance and Law of Independent Assortment. Therefore,
these laws are not perfect or universal laws.
Law of Segregation (also called ‘Law of Purity of Gametes’) has no exception till date. Therefore, this law
is called perfect law or universal law.

Mendel's History

NNk W=

Birth — 22 July 1822

Became Priest — October 1843

Became Gregor —1849
Experimentation period — 1856 to 1864
Publication of result —1865

Death — 1884

Father of Genetics — 1909
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Selection of Material and Traits

Mendel selected Garden Pea (Pisum sativum) for his experiments because of the following reasons:
(a) Itis an annual plant

(b) The flowers are bisexual

(c) Self-pollination

(d) Easy emasculation

(e) Large number of seed formation

(f) Large number of contrasting characters

He selected seven pairs of contrasting characters of the plants as given below.

Table 1

(" S.No. Characters Dominant Recessive h

1 Plant length Tall (T) Dwarf (t)

2. Flower position Axial (A) Terminal (a)

3 Pod shape Inflated (I) Constricted (i)

4 Pod colour Green (G) Yellow (g)

5 Seed shape Round (R) Wrinkle (r)

6 Seed colour Yellow (Y) Green (y)
L 7 Flower colour Red (R) White (1)
Cross

Mendel studied the inheritance of unit character at a time. Crosses were done between parents of pure breeding
line having contrasting characters. This experiment was carried out on F, and F, generations. The crosses
were of the following two types:

1.  Monohybrid cross
2. Dihybrid cross

1. Monohybrid Cross

L]

The cross between pure breeding line parents for a single pair of contrasting characters is called
monohybrid cross.

When a pure tall (TT) pea plant was crossed with a pure dwarf (tt) pea plant, in F, generation, all
pea plants were tall (Tt).

The F, plants are called hybrid and they were self-pollinated.

In the F, generation, both tall and dwarf plants were found.

The cross is presented below.

Results of the F2 Generation

1. Phenotypic ratio = 3 tall : 1 dwarf (Phenotype ratio = 3:1)
2. Genotypic ratio = 1 Homozygous tall : 2 Heterozygous tall : 1 Homozygous dwarf (Genotype
ratio = 1:2:1)
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PBL Tox ot Male Gametes

e
| ! T t
Gametes T\/t
b Tt Tt
J ‘aE‘J T Pure Tall Impure Tall
®©
F1 Generation  (Tt) e
©
_pollinati g Tt tt
Self-pollination ‘l’t x 'II K ¢ Impure Tall Dwarf
Gametes Tt Tt

F, Generation

d
Fig. 1¢

Explanation of Monohybrid Cross

Tallness and dwarfness are determined by a pair of contrasting factors or determiners. They are now called
genes.

These factors occur in pairs and are received from either parent.

The factors are brought together by fertilisation and separate during gamete formation.

These factors never contaminate each other.

2. Dihybrid Cross

* The cross between pure breeding line parents involving two pairs of contrasting characters is called
dihybrid cross.

*  When pure axial and purple-flowered pea plant was crossed with pure terminal and white-flowered
pea plant in the F, generation, all pea plants were axial and purple flowered.

* Inthe F, generation, the self-cross of F, plants gave the following four types of combinations:
(a) Axial and purple flowered
(b) Axial and white flowered
(¢) Terminal and purple flowered
(d) Terminal and white flowered

¢ The cross is represented below.

Results of the F2 Generation

Phenotypic ratio = 9 Axial and Purple : 3 Axial and White : 3 Terminal and Purple : 1 Terminal and White
Genotypic ratio = 1:2:2:4:1:2:1:2:1

Explanation of Dihybrid Cross

Axial, purple, terminal and white flower characters are determined by four different sets of factors.
These factors occur in pairs and are received from either parent.

These factors are brought together by fertilisation and separate during gametogenesis.

These factors never contaminate.

In the F, generation, cross-fertilisation leads to formation of hybrids, all having heterozygous axial and
purple flowers.

In the F, generation, the process of independent assortment takes place among factors, so new combinations
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PBL, Axial and Purple AAPP x aapp Terminal and White Self-pollination ~ AaPp x AaPp

Flower Flower
Gametes Gametes — 4 Types: AP AP
AP a Ap Ap
\ / aP aP
Fertilisation ¢ ap ap
AaPp

All Axial and Purple Flower Plants

Q Ap Ap aP ap

AAPP AAPpP AaPP AaPp
AP | Axial & Axial & Axial & Axial &
Purple Purple Purple Purple

AAPp AApp AaPp Aapp
Axial & Axial & Axial & Axial &
Ap | Purple White Purple White

AaPP AaPp aaPP aaPp
Axial & Axial & Ter. & Ter. &
aP | Purple Purple Purple Purple

AaPp Aapp aaPp aapp
Axial & Axial & Ter. & Ter. &
ap | Purple White Purple White

Fig. 2j

like axial white-flowered and terminal purple-flowered pea plants arise.

This cross suggests that factors express independently and they have the liberty to form new gene
combinations in equal percentage.

Mendel's Law of Inheritance

On the basis of monohybrid and dihybrid cross, the following four laws were formulated:

1.

2.

3.

4.

Law of Unit Character — An individual’s body contains many characters. Each of these characters
behaves as a unit and its expression is controlled by a particular gene.

Law of Dominance — For one or more sets of contrasting characters, when two individual are crossed,
the characters which appear in F heterozygous are called dominant characters while those that do not
appear are called recessive characters.

Law of Segregation — It is also called law of purity of gametes. ‘Factors (genes) segregate at the time
of gamete formation’.

Law of Independent Assortment — For more than one set of contrasting characters, the alleles segregate
and assort independently.

Significance of Mendel's Laws

The significance of Mendel’s laws is stated below.

1.

The outcome of Mendel’s laws is useful in Eugenics, which deals with the betterment of the human race.
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2. The laws are useful in improvement of crops, cattle, fowl, etc.

3. Mendel’s laws help in pedigree analysis for many diseases.

Backcross

The cross between the F, hybrid and any of the parent (back generation) is called backcross.

Test Cross

The cross between the F| hybrid and the recessive individual (parent) is called test cross. It is utilised to find

out the heterozygosity in F, individuals.

Monohybrid test cross
Heteroxygous x PBL Dwarf

Tt x

| |

Gametes T, t t
T t
t| Tt tt

Tall | Dwarf

Result: Phenotypic and Genotypic Ratio = 1:1

\
Fig. 3:

Incomplete Dominance

It is a post-Mendelian cross. It is also known as

blending inheritance. It is an exception to Men-

del’s findings.

Reference: When two contrasting alleles come

together in the F, hybrid, the character expressed

is neither of the parents’ type, but a mixture of

both.

Example

(i) Incomplete dominance is seen in the four
o’clock plant (Mirabilis jalapa).

(i1)) When a red-flowered (RR) plant is crossed
with a white-flowered (1r) plant.

(iii) In the F, generation, all plants bear pink
(Rr) flowers.

(iv) The self-cross in F, hybrids yields red-,
pink- and white-flowered plants.

Dihybrid test cross

Heteroxygous Axial and Purple Flower
x Double Recessive Parent

AaPp x aapp
AP, Ap, aP, ap ap
AP Ap aP ap
ap
AaPp | Aapp | aaPp | aapp
Axial Axial | Term | Term
& & & &
Purple | White | Purple | White
|
Fig.4l
Red x White
RR x m
Gametes £ rl
Fertilisation
F1 Generation
. . Rr
Self-cross in F Hybrid All Pink-flower Plants
Rr x Rr
Gametes l l
R,r R,r
Checker Board R r
R| RR Rr
Red Pink
r Rr m
Pink White
N
Fig. 5¢
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Cross

Result
Phenotypic ratio = Genotypic ratio (1:2:1)
=1Red: 2 Pink : 1 White

Explanation — The allele R is incompletely dominant over allele ‘r’, so that all heterozygous (Rr) individuals
produce pink flowers.

Co-dominance

It is a post-Mendelian cross and an exception to Mendel’s findings. It is also known as Bateson factor
hypothesis.

Definition — When two contrasting alleles come oo Red Hair x White Hair
RR x rr

together in a heterozygous individual, both alleles -
. . Allele Combination
express themselves side by side.
Example Gametes R r
Fertilisation

(i) Co-dominance is seen in the inheritance of
coat colour in cattle and blood group inheri-
tance in humans. Rr

(i) When red-hair cattle is crossed with white-  Cross between F0 & FiQ Al RO?;”';;IO'OUFGd
hair cattle Self-cross in F4 hybrid Rr % Rr attle

F1 Generation

(iii) In F, hybrids, the roan colour is expressed. Gametes l

(iv) The cross (inbreeding) between such male R/r Rir
and female hybrids give red-, roan- and R r
white-hair-coloured cattle in the F, genera-  checker Board R| RR Rr
tion. Al Roan

r Rr rr

Result Roan White

Phenotypic ratio = Genotypic ratio ‘

=1Red: 2 Roan : 1 White Fig. 6o

Explanation — The allele for red hair colour (R)
is equally expressed as the allele for white hair colour (r), so all heterozygous individuals have roan (Rr)
colours.

Epistasis
Epistasis is the interaction of two non-allelic genes, in which, one gene masks the expression of another gene.

The gene, which masks the activity of another gene, is called an epistatic gene. The gene, whose activity is
suppressed, is called a hypostatic gene. The genes are located on different loci.

Epistasis is of the following two types:
1. Dominant epistasis
2. Recessive epistasis

1. Dominant Epistasis
In this case, a dominant gene suppresses the expression of another allele either dominant or recessive.
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(1) In poultry, there are two kinds of white breed, viz., the white leghorn and the white Plymouth rock.

(i) When such homozygous poultry are left to interbreed, in the F, generation, all poultry become hetero-
zygous white leghorn.

(iii) Interbreeding between the F, hybrid male and female produces 13 white and 3 coloured individuals.

(iv) The cross is given below.
(w = white; ¢ = colour)_

PBL PG, White Leghorn x White Plymouth

Allele Comb" licC % iicc
Gametes IC ic
Fertilisation

[liCc — All White Fowls|

F4 Generation

White Fowl White Fowl
liCc liCc
Heterozygous
Allele Combination
IC, Ic, iC, ic IC, Ic, iC, ic
Gametes . )
F» Generation IC lc iC ic
Checker Borad ic| nee lICc | liCC| liCc
W W Wi W
lc liCc licc liCc | licc
W W W w
ic| licC liCc | iiCC | iiCc
W W c c
ic liCc licc iiCc | iicc
W W c w
\
Result N
Fig. 7¢

Phenotype ratio: 13:3

MULTIPLE ALLELES

* When a set of more than two alleles, occupying the same locus in the homologous chromosomes, affects
the expression of phenotypic character, they are called multiple alleles and the phenomenon is called
multiple allelism.

* The varied alleles in a set have arisen as a result of mutation in genes.

Characteristics of Multiple Alleles

(i) They are found on the same locus in the homologous chromosomes.
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(i) Only two genes of multiple alleles are found in an individual in diploid condition.
(iii) The gamete contains any one of the genes.

(iv) Crossing over is absent in multiple alleles.

(v) Multiple alleles influence only one character.

(vi) Their interaction shows dominant, recessive and co-dominance phenomena.

Example

The inheritance of ABO blood groups in humans is a very good example of multiple alleles. The four blood
groups, viz., A, B, AB and O are due to the presence of three alleles occupying the same locus on the ho-
mologues chromosome. These alleles I*, I® and I°, I° is recessive to both I* and I? alleles. I* and I® show co-
dominance. Individual heterozygous for these two alleles have AB blood group. The genotypes of four blood
groups are as follows:

Table 2
S. No. Blood groups  Genotype
1. A IATA/ TATC
2. B BB/ IBI°
3. AB AR
4. (0] I°1°

When an individual with blood group A in heterozygous condition is married to a woman with heterozygous
B blood group:

* The offspring may have any of the four types of possible blood groups in ABO system.

* Blood group A and B in the offspring is due to expression of allele I* over I° and allele I® over I°.

* Blood group AB in the offspring is due to co-dominance of allele I* and I®.

¢ Blood group O in the offspring is due to the combination of two recessive alleles I° I°.

Cross

Result

The possibility of the blood group AB:A:B:O in the offsprings is 25 per cent each.

Heterozygous A x Heterozygous B

Genetic Combination  |A|0 IEIO
Gametes  IA19 B,10
IA 10
Checker Board
Offsprings 18 A8 1910
AB B
1° IA10 1910
A (0]

\
Fig. 8¢
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POLYGENIC TRAITS AND QUANTITATIVE
INHERITANCE

¢ There are certain characters in human population, which show phenotypic variations (e.g., height, weight,
skin colour, etc.).
* These characters are expected due to cumulative effect of genes.

* These genes are called polygenes and their inheritance is called polygenic inheritance, while the characters
are called polygenic traits.

Characters

(1) The effect of polygenes is cumulative.

(i) All the alleles of polygenes have equal effect.

(iii) The inheritance is free from dominance, epistasis and linkage.
(iv) The environment has little role in the expression of characters.
(v) It was first found in humans by F C Galton in 1883.

(vi) It was first found in wheat by H Nilsson Enile in 1909.

Example
(i) When homozygous red wheat of pure breeding line (AABB) is crossed with homozygous white of pure
breeding line (aabb).

(ii) Inthe F generation, all plants produce wheat grains of intermediate red colour.
(iii) The self-cross among the F, hybrids produces five types of wheat grains.

Result

Dark red =/,
Medium red =/
Intermediate red = %/,
Light red =%/

White =/,

LINKAGE

¢ The tendency of two or more genes located on the same chromosome to remain together, inherited from
generation to generation, is known as linkage.

¢ Linkage is an exception to the principle of independent assortment.

* The concept of linkage was first introduced by T H Morgan (1910).

* The event was first observed by Bateson and Punnet in 1906 in the sweet pea plant (Lathyrus odoratus).

Characters

* Arrangement of all genes including linked genes is linear in chromosomes.
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Linked genes are found in the same chromosomes.

Linked genes have the least chance of separation by crossing over called strong linkage.
The inheritance of linked genes is of pure and combined form.

Example

In the sweet pea plant (Lathyrus odoratus), the two flower characters are expressed by linked genes.

The purple-coloured flower (PP) is dominant over the red-coloured flower and the long pollen (LL) is
dominant over the round pollen grains.

When pure purple-flowered pea plants having long pollen grains are crossed with red-flowered short
pollen grains pea plant:

In the F, generation, all sweet pea plants have purple flowers and long pollen grains.

The test cross of such an F, hybrid with double recessive parent fails to produce the expected 1:1:1:1 ratio.
The new ratio found due to linkage of two genes is 7:1:1:7.

If the two alleles (PPLL) come from the same parents (PPLL X ppll), they tend to enter the same gamete.
This is known as coupling.

When the same allele (P and L) come from different parents (PPIl X ppll), they tend to enter different
gametes. This is known as repulsion.

T H Morgan (1910) pointed out that coupling and repulsion are two aspects of the same phenomenon
called linkage.

Types of Linkage

Linkage is of the following two types:

1.

Complete Linkage — When genes are closely associated, they are always transmitted together. They do
not undergo crossing over showing complete linkage. No new forms are formed.

e Itis rare and is found in male Drosophila, female silkworms, and a few others.

Incomplete Linkage — Incomplete linkage is the tendency of linked genes to separate and form recom-
binant types due to crossing over.

* Incomplete linkage has been studied in Drosophila, other animals and maize.

Significance — Linkage maintains a specific trait from generation to generation.

Linkage Groups

All the genes present on a chromosome constitute a linkage group.
The number of linkage groups is equal to the haploid number of chromosomes.
In Drosophila, the number of linkage groups is four; in maize, it is 10; and in humans, it is 23.

CROSSING OVER

L

It is the process of exchange of segment between homologous pairs of chromosomes.
It leads to the production of a new combination of genes. It is also called genetic recombination.
It was first described by T H Morgan in 1911.
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Time and Stage of Crossing Over

* Crossing over takes place during gametogenesis.

* Gametogenesis involves meiosis cell division.

* The actual time of crossing over is pachytene stage of meiosis I.
¢ Crossing over results in the formation of chiasma or chiasmata.

Significance of Crossing Over

¢ It confirms the linear arrangement of genes in chromosomes.

¢ It produces a new combination of genes.

e It causes appearance of new characters.

* It causes variation among offsprings of the same parents and among the same species.

* The process is applied for improvement of economically important varieties of plants and animals.

SEX DETERMINATION

* Sex is a unique feature of sexually reproducing organisms.

* Majority of the organisms show sexual dimorphism in which egg-producing organisms are known as
female, while sperm-producing organisms are called males.

* Sex is inherited according to Mendelian laws.

Time of Sex Determination

Sex is determined at the following three times:
1. Progamic — Sex is determined before fertilisation.
2. Syngamic — Sex is determined at the time of fertilisation.
3. Epigamic — Sex is determined after fertilisation.

Types of Sex Determination

Sex is determined by genetically controlled mechanisms of the following types:

. Sex Chromosome Mechanism

Dioecious organisms have two sets of chromosomes, viz., autosomes and allosomes or sex chromosomes.
* Allosomes are of two types, viz., X and Y.
¢ In dioecious and diploid organisms, the sex is determined by the following two members:
1. Heterogametic male
2. Heterogametic female
1. Heterogametic Male
* Females are homogametic (XX), while males have only one X chromosome and are heterogametic.
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* Heterogametic males are of the following two types:
(i) XX-XO type 20 + XX 20 + X0
(i) XX-XY type

(i) XX-XO Type

* In some insects (e.g., Grasshopper, Squash bug) 20 + XX (Female) 20 + XO (Male)
males possess only one X chromosome.

* Presence of unpaired X chromosomes determines
the male sex. For example, Squash bug

Female Male

10 + X 10+ X 10+0

|
Fig. 9Qj

(i) XX-XY Type

e It was first studied by Wilson and Stevens (1902-1905) in milk weed bug (Lygaeus turcicus).
Therefore, it is also known as Lygaeus type.

¢ It is found in many flies, beetles, plants and mammals including humans.

* Females are homozygous, i.e., XX, while males are heterozygous, i.e., XY.

* During fertilisation, females are produced when X chromosome containing sperm unites with the

ovum. Fomal Ml
¢ In this condition, the presence of Y chro- emale ale
. . 44 + XX 44 + XY
mosome determines the male sex offspring. Meiosis i
¢ In the plant Cocclea indica (family Cucur-
. . . 22+ X 22 + X 2+Y
bitaceae) XX—XY mechanism was studied ... "° l4><> /
by Prof. R P Roy et al. of Patna University Fertilisation
in 1974. 44 + XX 44 + XY
F le. H bei (Female) N (Male)
or example, Human beings Fig. 10e

2. Heterogametic Female
¢ It is found in birds and some butterflies.
* Females are heterogametic and produce two types of eggs, i.e., half containing X or Z chromosomes
and half containing Y or W chromosomes.
¢ Males are homogametic and all sperms contain X or Z chromosomes.
¢ After fertilisation, two types of zygotes are formed, viz., XX or ZZ male and XY or ZW female.

Example: Silkworm

Female Male
(54 + ZW) (54 +22)
Meioy\ l Meiosis
27 +2) (27 + W) 27 +2)
Fertilisation l Fertilisation
(54 + 22) (54 + ZW)

Male Female

e/

Fig. 11
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Il Genic Balance Mechanism

1. This mechanism was put forward by C B Bridges in 1922.

2. According to Bridges, in Drosophila, sex is determined by the ratio of X chromosome and autosome,
while Y chromosome remains insignificant.

3. Following table shows */, ratio responsible for determination of sex in Drosophila.

Table 3
KS. No. X/A ratio Sex E
1. More than 1 Superfemale
2. 1 Female
3. 1t0 0.5 Intersex
4. 0.5 Male
KS' Less than 0.5 Supermale

lll. Genotype Mechanism

* Sometimes a single gene present on autosome allosome affects the phenotypic expression of sex (e g.,
Chalamydonomonas, maize, Drosophila and several fishes).

¢ Sturtevant recognised a transformer gene (tra) in the autosome of Drosophila.

* Transfomer is a recessive gene which does not influence sex in heterozygous condition.

* In homozygous condition (tra/tra), it converts a female into a sterile male but has no influence on a normal
male 2n Drosophila.

IV. Haploid-Diploid Mechanism of Sex Determination

This type of sex determining mechanism is found in bees, ants, wasps and some other hymenopterans.
In honeybees, the following three types of individuals are found:

1. Queens — Queens are diploid and fertile females and develop from fertilised eggs.

2. Workers — Workers are diploid, but sterile females and develop from fertilised eggs.

3. Drones — Drones are haploid fertile males. They develop from unfertilised eggs (parthenogenetically).
* In honeybees, the queen lays two types of eggs, viz., ferlilised and unfertilised.

Egg » Parthenogenesis
(n=x) Sperm
\ / (n = X)
Zygote
(2n = 2x)
Meiosis Larva
T l Meiosis is replaced by mitosis
v

Queen ‘/DK Worker Drone
(2n = 2x) ‘ 2n = 2x) (n=x)
AN|

Fig. 12 o Haploid-Diploid mechanism of sex determination in honeybees
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The larvae that hatch from unfertilised eggs develop parthenogenetically into drones.
The development of diploid larvae into queen or worker depends on the quality of food.

The larva that get royal jelly as food throughout the larval period develop into queen, whereas the larva that
does not get royal jelly as food throughout the larval period develop into a worker.

V. Sex Mosaic Mechanism

In Drosophila, occasionally, some flies found are gynandromorphs, in which part of their body exhibits
female characteristics and the other part exhibits male characteristics.

Gynandromorphs develop due to the lack of X chromosomes in a particular cell.

During the first zygotic division, two blastomeres with unequal number of X chromosomes are formed.
The blastomeres with 2A+XX develop into the female half, while with 2A+X into the male half.

VI. Environmental Mechanism

Environment plays an important role in the determination of sex in many plants and animals.

When Cannabis sativa is grown in the summer season, the ratio of male and female flowers becomes 1:1,
while in general, it gives male flowers only.

When Equisetum plant is grown in the soil, it gives female flowers, while in bad soil, it gives only male flowers.
In the animal kingdom, Bonellia viridis provides the best examples of environment-dependent sex
determination.

In this worm, all larvae are cytologically and genetically similar and hermaphrodite.

If a single worm is reared from the eggs in isolation, it develops into an adult female.

If newly hatched worms are reared on the proboscis of a female, they develop into adult males and migrate
down to the nephridium of the female and stay as parasites.

Young ones of a marine mollusk, Crepidula, if reared alone, always become females, but if reared in
association with adults, they develop into males.

In Ophryotrocha, it is the number of segments in the body which determines the sex. If the number of
segments is up to 20, the individual is male and if the number of segments become more than 20, the
individual is female. Quite interestingly, if due to some reason, the number of segments become less than
20, it again becomes transformed into a male.

In American alligators, snapping turtles and some other reptiles, sex is determined by environmental
temperature. In turtles, a temperature below 28°C leads to the production of more males and a temperature
above 33°C produces more females. A temperature between 28°C and 33°C produces males and females
in an equal ratio.

VII. Sex Determination by Barr Body

In female human beings, there are two X chromosomes, in which only one is active and the other is inactive.
The inactive X chromosome in females is found as a body called Barr body.

Barr body is absent in normal males.

Barr body was first reported by Murry Barr (1949).

The number of Barr body is n—1, where # is the number of X chromosomes.

VIIl. Freemartin

In cattle, whenever twins of the opposite sex are born, the male is perfectly normal but the female is
sterile. Such a sterile female is called a freemartin and the phenomenon is known as freemartinism.
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* Freemartin is only produced when there is a vascular connection between two embryos.
¢ It is presumed that probably male hormones suppress the development of the ovary in the female.

¢ Sex determination is a complex phenomenon in which many mechanisms play an important role. The
XX-XY mechanism is widely accepted.

SEX-LINKED INHERITANCE

In human beings, sex is determined by the XX-XY mechanism. These are called allosomes or sex
chromosomes. Some of the characters inherited through the allosomes are called sex-linked characters.

The diseases whose genes are present on the sex chromosomes and inherited with sex chromosomes are
called sex-linked diseases. The genes located on the X chromosomes are called sex X-linked genes and the
genes present on the Y chromosomes are called holandric genes, because they are present in males only.
Sex-linked inheritance was introduced by T H Morgan in 1910 in Drosophila melanogaster.

Sex-Linked Diseases in Humans

Genes for about 20 characters are found on X chromosomes and exhibit sex-linked inheritance.

Sex-Linked Diseases

In human beings, X and Y chromosomes are responsible for sex determination and are called sex chromosomes
or allosomes. The characters whose genes are located on sex chromosomes are called sex-linked characters
and their inheritance from one generation to another is called sex-linked inheritance. The concept of sex-linked
inheritance was introduced by T H Morgan in 1910.

Inheritance through X Chromosomes

About 20 characters of human beings exhibit sex-linked inheritance and their genes are found located on X
chromosomes. The most common examples of sex-linked diseases, inherited in the same pattern are given below.
(a) Colour-blindness
(b) Haemophilia
(c) White fore lock of hair
(d) Childhood muscular dystrophy
(e) Lesch—-Nyhan Syndrome

(a) Colour-blindness

(i) Itis a sex-linked recessive disease.

(i1) Colour-blind people are unable to distinguish between red and green colours.

(iii) It was first described by Horner in 1876.

(iv) Red colour blindness is called protanopia and green colour blindness is called deuteranopia.
* The inheritance and establishment of diseases in the progeny can be studies in the following three cases:
Case I - When a woman with normal vision is married to a colour-blind man, all her sons and daughters have
normal vision.
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Normal Female X Colour-blind Male
X X XY > 3 Xc Y
/\4 X XX XY
X X Xc Y Carrier Daughter | Normal Son
w X XX XY
XY Carrier D ht
XX Normal Son arrier Daughter | Normal Son

Carrier Daughter

\
Fig. 13)
Case II - When a woman, whose father was colour-blind, is married to a male with normal vision, half of
her sons will have colour-blind vision.

Carrier female x Normal Male ?d X v
XY XY
X XX XY
Carrier Daughter | Normal Son
X X X Y Xc XX XoY
Carrier Daughter | Colour-blind
Son
|
Fig. 14)

Case III - When a colour-blind woman is married to a man with normal vision, all her sons will have colour-blind
vision, but all her daughters will have normal vision.

Colour-blind Female x Normal Male 96
XXe XY X Y

XY
Xe XX Colour-blind

Carrier Female| Male

Xe Xe X Y X XX XY )

°| Carrier Female | Colour-blind

Male

Conclusion

The following conclusion may be drawn from the above three cases:

* Colour-blindness is more common in males because only X chromosomes carry the gene.

¢ In females, it is less frequent because two recessive genes are needed for expression.

* A female with only single colour-blind gene is called carrier, in which the disease does not appear.

* Females may be carriers but males are never so.

* A colour-blind father and a mother with normal vision have carrier daughters and sons with normal vision.

* A woman with normal colour vision, whose father was colour-blind, will give birth to normal and colour-blind
sons in equal proportion.

¢ Colour-blind women always have colour-blind fathers and always give birth to colour-blind sons and carrier
daughters.
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* Colour-blind women give birth to colour-blind daughters only when their husband is also colour-blind.
* Women who have normal vision but can transmit colour-blindness are called carriers.

CHROMOSOMAL ABERRATIONS

* Chromosomal aberrations are abnormalities in the structure or number of chromosomes.

* They are often responsible for genetic disorders.

¢ They may occur spontaneously or can be induced by environmental agents such as chemicals, radiations
and ultraviolet light.

* Generally, chromosomal abnormalities occur when there is error in cell division (mitosis or meiosis).

* Chromosomal aberration involves breaking of chromosome segments, their loss or union with the same
(intrachromosomal aberration) or different chromosomes (interchromosomal aberration).

* Chromosomal aberrations can be recognised with the use of karyotype.

* Structural changes in chromosomes are of the following four types:

1. Deficiency or deletion
2. Duplication

3. Inversion

4. Translocation

1. Deficiency

¢ Deficiency or deletion is the loss of chromosomal segments.
¢ The lost segment may be terminal (terminal deletion) or intercalary (intercalary deletion).

(a) Origin of terminal deletion
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(b) Origin of intercalary deletion c
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Fig. 16 } Deletion: (a) Terminal deletion (b) Intercalary deletion (c) Formation of deletion loop
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¢ Terminal deletion involves single break near the terminal end, while intercalary deletion involves two
breaks; the separated segment is lost and there is reunion of the broken ends.

* In heterozygous deletion, the synapsed chromosome would show difference in length at one end (terminal
deletion) or loop (intercalary deletion).

* Homozygous deletion may be lethal if some vital gene is involved.

¢ In the presence of deletion, a recessive allele behaves like a dominant allele. This phenomenon is known
as pseudodominance.

¢ Heterozygous deficiencies lead to many genetical disorders such as retinoblastoma, myeloid leukaemia,
cri-du-chat syndrome, etc.

¢ Deletion involves change in the amount of DNA.

* Genetically, deletion can be recognised by recessive lethality, pseudodominance and lack of revertability
and cytologically by deletion loops.

2. Duplication

* When a set of genes are present twice in a chromosome, it is known as duplication.

¢ From evolutionary point of view, duplications are very important as they supply additional genetic material
capable of evolving new functions.

* Duplication arises due to unequal crossing over.

* Adjacent duplicated segments may occur in tandem sequence with respect to each other (abcbed) or in a
reverse order (abcedb).

¢ Duplications are more frequent in nature and are less deleterious in comparison with deletions.

¢ Duplication involves change in the amount of genetic material.

¢ Repeated duplication of the same gene results in gene amplification as well as the formation of gene
families.

¢ A small duplication is rarely lethal even when homozygous. However, sometimes it may be pathological.

3. Inversion

¢ Inversion involves two breaks in the chromosome followed by the reunion of the ends in a reverse manner,
i.e., the broken segments rotate through 180°.
¢ Thus in inversion, only the arrangement of genes is changed and not the number.

A BCD EFGHIJ

’—‘( (O] D

ABH'\J AB HIJ
Break — <« Break Rejoining
G C———o¢ (o}
F D F D
E E
AB GFE DCHIJ
C (@) )

N
Fig. 17 J Diagram showing the mechanism by which some of the inversion might occur

* Generally this change in the gene order does not produce clinical abnormality but it results in increased
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risk of generating abnormal gametes.

¢ Organisms may be either homozygous or heterozygous for an inversion.

¢ Inversions are of the following two types:
¢ Paracentric inversion — The inverted segment does not include centromeres.
* Pericentric inversion — The inverted segment includes centromeres.

e If crossing over takes place within the inverted segment of a paracentric inversion, then it results in the
formation of acentic and dicentric chromosomes.

¢ If crossing over occurs within the loop of a pericentric inversion, then the resulting chromatids have a
duplication and a deficiency.

4. Translocation

¢ Translocation is the exchange of chromosomal segments between the nonhomologous chromosomes.
¢ Translocation is of the following three types:
* Simple Translocation — The broken segment gets attached to one end of the nonhomologous
chromosome.
* Reciprocal Translocation — It involves the exchange of chromosomal segments between members of
two different pairs.
* Shift Translocation — The broken segment gets inserted interstitially in a nonhomologous chromosome.
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Fig. 18 ¢ Different types of translocation: (a) Simple translocation (b) Reciprocal translocation
(c) Shift translocation

¢ Translocation occurs due to irregularities during crossing over.

* In translocation, there is no loss or addition of genetic material, only rearrangement of genes occurs. Thus,
two new chromosomes are produced with an altered gene sequence.

* A balanced translocation carrier is at risk of producing chromosomally unbalanced offspring.

* Generally, translocation heterozygotes are less fertile in comparison with translocation homozygous. It is
some of the gametes produced by them that give rise to unviable progeny due to deficiency or duplication
of the chromosome segment.

¢ Translocation may alter the size of a chromosome as well as the position of the centromeres.
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Changes in Chromosome Number

Variation in chromosome number is of the following two types:

1.
2.

1.

Euploidy
Aneuploidy

Euploidy

¢ Euploidy involves variation of entire sets of chromosomes.

¢ It involves complete genomes.

*  When one complete set of chromosome is present, it is called monoploidy (7). If two sets of chromosomes

are present, it is called diploidy (2n) and if more than two sets of chromosomes are present, it is
termed as polyploidy.

(a) Monoploidy

L]

Monoploidy is also termed as haploidy.

Each chromosome is represented only once.

Haploidy may arise as an abnormality in species which are diploid.

It is common in plants but rare in animals.

Among animals, haploidy occurs in male honeybees, ants and other insects which develop from unfer-
tilised eggs (parthenogenesis).

The chromosome behaviour differs in haploids from diploids.

Monoploids are usually smaller in size and have less vigor in comparison with diploids.

(b) Polyploidy
Organisms having more than two sets of chromosomes are termed as polyploids and the phenomenon is
known as polyploidy.

Polyploid organisms may be classified as triploids (3n), tetraploids (4n), pentaploids (5n) and so on.

A proportion of polyploidy cells occur normally in human bone marrow, because megakaryotes generally
have 816 times the haploid number.

Tetraploid cells are a normal feature of regenerating liver and many other tissues.

Polyploidy is of two types, viz., autoploidy and alloploidy

In autoploidy, there is multiplication of the same genome while in allopolyploidy, there is multiplication
of chromosomes from two different ancestral stocks.

Polyploidy arises due to error during meiosis or fertilisation. Sometimes abnormal mitosis also leads to
polyploidy.

Polyploidy is common in plants but rare in animals.

Polyploidy is artificially induced with colchicine. Colchicine is an alkaloid derived from the autumn
crocus (Colchicum autumnale) which disturbs spindle formation.

2. Aneuploidy

L]

Aneuploidy refers to variations in chromosome numbers involving individual chromosomes.

Aneuploids have unbalanced chromosome sets, i.e., with extra or missing chromosomes.

Aneuploids are generally produced by nondisjunction or some type of chromosome misdivision at either
meiosis or mitosis.

Aneuploids may be of the following types:
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(a) Monosomics — Monosomics are individuals having one chromosome less than the diploid number
(2n-1).

(b) Double Monosomics — There are two chromosomes less, that are different members of the chromo-
somal complement (2n—1-1).

(¢) Nullisomics — They have two chromosomes less than the diploid complement (2n-2).

(d) Trisomics — Homolog of normal diploid complement is present three times (2n+1).

(e) Double Trisomics — There are two extra chromosomes, which are different members of the genome
2n+1+1).

(f) Tetrasomics — In a tetrasomy individual, one chromosome of the genome is present four times

(2n+2).

GENE MUTATION

* Mutation is the sudden, discontinuous and inheritable change in genetic material.
* Mutation is the failure of the DNA repair mechanism.
* A mutation occurs when the DNA is damaged or changed in such a way as to alter the genetic message
carried by that gene.
¢ Once the gene has been damaged or changed, the mRNA transcribed from that gene will carry an altered
message.
* These changes could give rise to the following types of mutations:
1. Silent Mutation — There is change in the nitrogenous base but there is no change in the amino acid.
2. Missense Mutation — It involves changes in the nitrogenous base as well as in the amino acid
sequence. Sickle cell anaemia is a good example of missense mutation, which is caused by the substitution
of valine in place of glutamic acid in the haemoglobin chain.
3. Nonsense Mutation — It changes the codon into terminating codon, resulting in the termination of the
polypeptide chain. It results in the formation of short polypeptide chain which has little or no biological
effect. Such mutations are also called terminator mutations.

* The term ‘mutation’ was coined by Hugo de Vries.

* Mutations may occur in somatic cells as well as germ cells.

¢ Mutations arising in somatic cells are not passed to the next generation, while those occurring in reproduc-
tive cells are passed onto the next generation.

* Mutations occurring in nature are called spontaneous mutations. They arise due to inherent errors in the
DNA replication and transmission processes.

* Spontaneous mutation can occur at any point in the cell cycle.

* Mutation rate varies from 10™*to 10° mutations per gene per generation. In humans, the mutation rate is
105to 10 per gamete per generation.

e Mutations that occur due to or in response to some externally applied agents are called induced mutations.

* Depending upon the effect, mutation may be dominant or recessive.

¢ T H Morgan (1910) reported white eye mutation in Drosophila melanogaster.

* Mutations play a key role in speciation.

* A variety of agents cause mutations and they are called mutagens.

* Mutagens may be physical or chemical.
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Physical mutagens are X-rays, gamma rays, beta rays, ultraviolet rays, etc.
There are varieties of chemical mutagens such as nitrogen mustard, sulfur mustard, dimethyl nitrosamine,
ethylene oxide, di-ethyl sufonate, nitrous acid, hydroxyl amine, hydrazine, etc.

Molecular Basis of Mutations

There are two basic types of mutations.

1. Substitution Mutations — It involves replacement of one nitrogenous base of a triplet codon by another
nitrogenous base. It may be of the following two types:
e Transition — Transition is the replacement of a purine by another purine and replacement of one
pyrimidine by another pyrimidine.
e Tranversion — Transversion is the replacement of purine by pyrimidine and pyrimidine by purine.
2. Frameshift Mutation — Frameshift mutation is caused by the addition or deletion of a base pair in the
gene, resulting in change in the reading frame of the DNA.
e Addition or deletion of one or more nitrogenous bases results in a new codon sequence that code for
quite different amino acids.
* The change in amino acid sequence results in a change in the synthesised protein, which is generally
nonfunctional.
Deletion
¢ Deletion is the removal of one or more nitrogenous bases from the DNA polynucleotide chain.
¢ Deletion results in the establishment of a new sequence which occurs by deletion of any number of bases,
not divisible by three.
* Suppose the original reading frame is CAT GAT CAT GAT CAT GAT CAT, then deletion of C of the last
codon will read as CAT GAT CAT GAT CAT GAT TA.
Insertion

If one or more bases are added (provided it is not divisible by three), it will disturb the genetic message.
+G CAT GAT GCA TGATCATGATCAT

If deletion and insertion take place simultaneously, then the message will be out of frame only in the triplet
between the deletion and insertion.

Deletion and insertion

—C+C CAT GAT ATG ATC ATC GAT

Mechanism of Spontaneous Mutations

Spontaneous mutations arise by mutagens present in the environment, such as radiation, radioactive
compounds, heat and naturally occurring base analogues like caffeine. Spontaneous mutations that arise by
tautomerisation are described here.

Tautomerisation

Isomerisation between tautomers is called tautomerisation.
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¢ Normally, in a DNA molecule, adenine (purine) pairs with thymine (pyrimidine) while guanine (purine)

pairs with cytosine (pyrimidine).

¢ All these four nitrogenous bases (adenine, thymine, cytosine and guanine) of DNA have rare tautomeric forms.
¢ These rare forms are called tautomers and are formed by the rearrangements of hydrogen atoms.

¢ The normal bases of DNA are generally present in the keto form and amino form.

* As a result of tautomeric arrangement, they can be transformed into rare enol form and imino form, in

which distribution of electron is slightly different.

* In a tautomeric state, adenine pairs with cytosine and thymine pairs with guanine.
¢ The unusual pairing of adenine with cytosine results in G—C pairing in the next generation causing formation

of mutant forms in some progeny.

* The rare base pairing result in misreplication of DNA leading to mutation.
* Ambiguity of base pairs during replication may also result in spontaneous mutations.
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Fig. 20j Normal (I) and Tautomeric (II) pairing of four nitrogenous bases

Mechanism of Induced Mutations

* There are three general approaches to induce mutation, viz., radiations, chemicals and transposons.
* H J Muller pioneered in inducing mutation using X-ray radiation in Drosophila and developed a method
of detecting mutations that are lethal.
* Besides X-ray, other types of radiation that have been used for inducing mutations are gamma rays and
fast neutron bombardment.
* Chemical mutagens work mostly by inducing point mutations.
¢ Chemical mutagen can be classified into three groups on the basis of the way through which they bring
about mutations. These are as follows:
1. Base analogues, which become incorporated into the DNA instead of normal bases.
2. Agents that cause modification in purine and pyrimidine bases.
3. Agents that produce distortion in the DNA.
* Base analogues and agents producing distortion in the DNA need replication of the DNA for their
incorporation, while agents modifying bases can bring about modification even in nonreplicating DNA.
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1. Base Analogues

* Base analogues are chemicals having structures similar to nitrogenous bases.
* Base analogues sometimes become incorporated into the DNA in place of normal nitrogenous bases.

* 5-bromouracil (5-BU) is a pyrimidine analogue and is structurally very similar to thymine. It can pair with
adenine or guanine.

¢ 2-aminopurine (2-AP) is a purine analogue that can pair with cytosine and thymine.
* Both 5-bromouracil and 2-aminopurine only mutate when they are incorporated in the replicating DNA.
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Fig. 214/ Changes in base pairing due to the incorporation of base analogues

2. Base Modification

There are some mutagens which cause change in base pairing, resulting in incorrect pairing.
* Such modifications involve alkylation, hydroxylation, deamination, depurination, etc.
(a) Deamination
* Some of the chemicals (like nitrous acid and hydroxyl amine) cause deamination of nitrogenous
bases. They replace amino group (-NH,) group by hydroxyl group (-OH).
* Deamination of cytosine results in the formation of uracil; deamination of adenine leads to the
formation of hypoxanthine (H); and that of guanine forms xanthine.
* Hypoxanthine shows similarity with guanine.
¢ During the course of DNA replication, uracil pairs with adenine while xanthine pairs with cytosine.
e Thus, it results in the substitution of A=T forG = Cand G = CforA=T.
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(b) Hydroxylation
* Hydroxyl amine complexes with cytosine and causes its hydroxylation, resulting in the formation
of hydroxyl cytosine (HC).
* This hydroxyl cytosine pairs with adenine instead of guanine.
¢ At the time of DNA replication, this introduces thymine at this level.
* Thus, G—C pairing changes to A-T pairing.
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(¢) Alkylation
¢ Alkylation is caused by alkylating agents.
¢ Alkylating agents cause mutations by transitions, transversions, deletions and frameshifts.
¢ Alkylating agents (such as ethyl-methane sulfonate, ethyl-ethane sulfonate and mustard gas) can
mutate both replicating and nonreplicating DNA.
* Alkylating agents bring about methylation and ethylation of nitrogenous bases.
¢ Alkylation of guanine results in mispairing with thymine and during the course of replication, it
may resultin G = C —A =T pairing.
* FEthyl methane sulfonate (EMS) removes guanine from the strand of the DNA and leaves a gap point.
¢ At the time of replication, any of the four nitrogenous bases become inserted in the gap.
* In the next replication, the gap is filled by a base, which is complementary to the inserted base.
¢ This may lead to transition or transversion.

3. Agents causing Distortion of DNA

There are certain acridine dyes (proflavin, acridine orange) that can be intercalated between bases of the
DNA strand causing distortion in the DNA.

This results in insertion or deletion of bases during replication, resulting in mutations.

Transposable Elements as Mutagens

L]

Scientists are now using transposable elements to create new mutations.

Transposable elements are mobile pieces of DNA that can move from one location to another in a genome.
Often when they move to a new location, the result is a new mutant.

The mutant arises due to the presence of a new piece of DNA in a wild-type gene that disrupts the normal
functioning of the gene.

Thus, transposable elements are a powerful source of creating insertional mutations. This is known as
insertional mutagenesis.

Besides, prion replication has been shown to be subjected to mutation.

MODERN CONCEPT OF GENE

The presence of genes was first proposed by Mendel in 1865. He called it factor. The term ‘gene’ was
coined by Johannson in 1909.

Gene is the basic fundamental unit of heredity and life.

Genes control both structure and specific function of the cells and thus the entire organism.

Genes are present in each and every cell of all organisms.

Chemically, each gene consists of a specific sequence of DNA building blocks, called nucleotides. Each
nucleotide is made up of pentose sugar, nitrogenous base and phosphoric acid.

On an average, a gene consists of 1,500 nucleotide base pairs.

The strands of DNA into which genes occur are organised into chromosomes.

Each gene provides a blueprint for the synthesis of enzymes and other proteins.
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A gene expresses itself producing a specific protein through the process of transcription and translation.
Transcription Translation
Gene ——————— mRNA ———————Protein
A single gene may occur in several forms called alleles. Generally a gene has two forms, viz., dominant
and recessive. When a gene exits in more than two forms, it is known as multiple alleles.
Sometimes two alleles of a character express equally. This is known as co-dominance.
Genes can replicate and can produce its own copies.
The expression of genes is influenced by environmental factors.
The total set of genes of an organism is called a genome.
Genes may vary in their make up from person to person.
Each gene occupies a fixed position on the chromosome called locus.
Genes are arranged in a single linear order on a chromosome.
Alteration in the number and arrangement of genes may result in mutation.
Changes that occur due to mutations in germ cells can be transmitted to the next generation.
Mutations that affect somatic cells may result in various types of cancers.
Many genes are present on each chromosome and they are inherited together. Such genes are called linked
genes.
Sometimes two or more genes interact to produce a particular trait. This is termed as ‘interaction of genes’.
Sometimes a single pair of genes produces two or more characters. This is known as pleiotropism.
Transfer of alleles of genes occurs from one population to another, called gene flow, which leads to change
in gene frequencies.
The number of genes in a particular cell may be increased (by polyploidy or hyperploidy) or decreased
(hypoploidy).
Inbreeding leads to homozygosity while outbreeding results in heterozygosity within the gene pool.
Fine structure of gene has revealed that a gene consists of cistron, recon and muton.
Cistron is a portion of the DNA specifying a polypeptide chain.
Recon is the smallest unit of DNA capable of recombination.
Muton is the smallest unit of DNA capable of undergoing mutation.
Some genes are naturally split. Such genes contain some sequences which do not code for amino acids
(called introns) and some sequences that code for amino acid (called exons).
Genes having only one intron are called monointron gene (RNA tyr gene) while genes having more than
one introns are called multi-introns genes (rat muscle X-acting gene has six introns).
There are certain genes, which code for more than one polypeptide. Such genes are called overlapping genes.
Overlapping genes share some of the same sequences (In bacteriophage ¢X174, gene E lies entirely
within gene D1, but they are translated in different reading frameworks).
There are genes which move from one location to another on a chromosome.

Such genes are called jumping genes or transposons.

A gene that produces two proteins simultaneously from a long transcript by changing the end point of
protein synthesis is known as nested gene. The entire coding sequence of such a gene lies between the
start codon and terminating codon of a larger external gene. Thus, the entire coding sequences are present
in other genes.

The genes that have lost their ability to perform a function due to mutations are called pseudogenes. They
look like normal genes but do not express any RNA or protein. They are often termed as nonfunctional
DNA and regarded as junk.
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Genes that lack well-defined exon or introns sequences, i.e., the exon in one instance might be introns in
another case, are termed as complex genes. These genes manifest excessive rearrangement in sequence
(mRNA), i.e., before post-transcriptional modifications.
Genes that cause cancer are called oncogenes. Oncogenes are activated form of proto-oncogenes.
The genes that code for proteins, which act as transcription factor, enhancing the rate at which certain
DNA sequences are transcribed are termed as homeotic genes. Homeotic genes play a key role in the
early development and differentiation of embryonic tissue in eukaryotic organisms. These genes were first
identified in Drosophila.
The group of genes showing similarity with each other is termed as gene family, arising by duplication.
All genes in the family may occur on the same locus. For example, five members of growth hormone gene
family are clustered on chromosome 17 in humans. Gene families provide information how new genes
arise and diversify.

HUMAN GENETICS

Human genetics is the branch of genetics that deals with the study of inheritance of human traits.

Sir Archibald Garrod is generally described as the Father of Human Genetics.

About 200 traits are known to be genetically transmitted in human beings. Some of these traits are
transmitted through typical Mendelian pattern and some through non-Mendelian pattern.

Human Karyotype

Karyotype refers to the complement of chromosomes, either at species level or at individual level.

The correct number of human chromosomes (46) was given by Tijio and Levan (1956). Previously, the
chromosome number of humans was considered to be 46.

Normal human karyotype contains 22 pairs of autosomes and one pair of sex chromosomes.

Karyotype of normal karyotype of men is 44+XY and that of women is 44+XX.

The table given below shows the nomenclature of chromosome groups proposed by the Denver Report and
the London Report (1963).

Table 4
(S. No. Denver report London report Description )
1. Group 1-3 Group 1-3 (A) Large and metacentric chromosomes
2. Group 4-5 Group 4-5 (B) Large submetacentric chromosomes
3. Group 6-12 Group X, 6-12 (C) Medium-sized submetacentric chromosomes
4. Group 13-15 Group 13-15 (D) Large acrocentric chromosomes; all may have satellites
5. Group 16-18 Group 16-18 (E) Chromosome 16 is metacentric while 17 and 18 are
submetacentric
Group 19-20 Group 19-20 (F) Small metacentric chromosomes
Group 21-22 Group 21-22 +Y (G) Short acrocentric chromosomes having satellites but Y
chromosome lacks satellite
N 2
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* Karyotypes are arranged with short arm of the chromosome on the top and long arm at the bottom.

Chromosome Banding

* A band is the part of a chromosome which is differentiated from its adjacent region by appearing darker
or lighter due to staining property.

¢ The banded chromosomes appear as a continuous series of light and dark bands.

¢ There are no interbands.

G Banding

* G banding is one of the most popular banding methods used for karyotype analysis.

* G banding is obtained with Giesma stain following digestion of chromosome with trypsin (a proteolytic
enzyme used for cell dispersal).

* G banding yields a series of darkly and lightly stained bands.

* The dark bands represent heterochromatic (rich in A-T base pairs), while the light bands represent euchromatic
region (rich in C—G base pairs).

¢ Generally this method produces 300—400 bands in a normal human genome.

R Banding

¢ R banding pattern is the reverse of the G-banding pattern.
e It results in the staining of areas rich in G—C base pairs, which are typical for euchromatin, and light
regions are heterochromatin (rich in T-A base pairs).

C Banding

¢ C banding is useful in staining the centromeres regions and the constitutive heterochromatic regions.
¢ This banding technique is very useful for the characterisation of plant chromosomes.

0 Banding
* Q bands are obtained by quinacrine staining and fluorescence.
* The distribution, number, size and intensity of each band is fixed for each chromosome pair.

T Banding

* T banding visualises telomere.

NOR Banding

* NOR banding is obtained by using ammonical silver reagent.
¢ The NOR bands differ from person to person and are helpful in studying chromosome polymorphism.

Human Chromosomal Abnormalities

1. Wolf-Hirschhorn Syndrome
* This syndrome was independently reported by Wolf et al. (1965) and Hirschhorn et al. (1965).
¢ This syndrome is due to partial deletion of the short arm of chromosome number 4.
* Itis characterised by severe psychomotor and retardation of growth.
* The skull is microcephalic with cranial asymmetry.
* Congenital heart malformation is common.
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Cri-du-chat Syndrome

It was first described by Lejeune et al. (1963).

It is due to slight deletion of short arm of chromosome number 5.

The newborn cries like mewing of a cat, so it is also known as the cat-cry syndrome.

Such a syndrome is characterised by a small head, widely spaced eyes, moon-like face and receding
chin. Dental malocclusion is common and congenital heart defects are common
Such syndromes are rare.

Patau’s Syndrome

It was reported by Patau et al. (1960).

Patau’s syndrome is due to trisomy of chromosome 13.
Such victims are characterised by a small head (microcephaly), widely spaced eyes, low set ears,
clefts of the lips, palate and polydactyly.
Congenital heart disease, kidney disorders and malformed genitilia are common in such a syndrome.
One of the characteristics of such syndrome is the trigger thumb, i.e., the thumb and index finger
overlap the third finger).

Life-threatening complications may develop during infancy or early childhood.
Meiotic nondisjunction is thought to be the cause of this chromosomal aberration.
The frequency of this syndrome is 1 in 10,000 live births.

L]

Edward Syndrome

Edward syndrome is due to trisomy of chromosome 18.
Trisomy of chromosome 18 was independently described by Edwards et al. and Smith et al. (1960).
Among live-born children, trisomy of chromosome 18 is the most common autosomal trisomy after
trisomy of chromosome 21.
Such a syndrome is characterised by severe psychomotor and growth retardation, microcephaly,
microphthalmia, micrognathia, microstomia and heart defects.

Survival time is less than four months.

Edward syndrome is more frequent in females than in males.

Its incidence is 1 in 3,000 live births.

Down Syndrome

This is one of the most common and best-studied chromosomal anomalies in humans.
It was first described by Langdon Down (1866).

It is also known as mongolism due to facial appearance like mongoloids.

It is characterised by trisomy of 21 chromosome. There is a presence of an extra copy of genetic

material on the 21 chromosome, either in whole (trisomy 21) or part (due to translocation).

Individuals with such syndrome are characterised by

(a)
(b)
(©
(d)
(e)
)
(@
(h)

Rounded face and broad forehead

Microgenia (abnormally small chin)

Hypotonia (poor muscle tone)

Protruding tongue

Height, weight and head circumference are smaller in children with such syndrome.
There is increased risk of developing epilepsy.

Mental retardation is common.

Usually both males and females are infertile.

o,

/
/
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(i) Prominent epicanthus fold in the eyelids is a common feature.

Frequency of this syndrome is 1 in every 600-700 live births.

More than 95 per cent cases of Down syndrome are caused by nondisjunction and remaining due to
translocation.

With an increase in the age of parents (35+ years mother and 42+ years father), there is increase in
the frequency of Down syndrome.

Sex Chromosomal Abnormalities
1. Klinefelter Syndrome

It was described by Klinefelter et al. (1942).

Klinefelter syndrome is also known as XXY condition.

Chromosomal complement of such an individual is 44+XXY.

Such individuals are phenotypically male by virtue of having Y chromosome.

They have underdeveloped testes (hypogonadism) leading to sterility and ill-developed male
secondary sexual characters.

They are taller individuals having less body muscles, less facial and body hair and hips wider than
other boys, and have enlarged breasts (gynecomastia).

XXY constitution arises either by fertilisation of an XX egg by a Y sperm or an X egg by an
exceptional XY sperm.

Frequency of such syndrome is 1 per 500 male live births.

The risk of Klinefelter syndrome increases with increasing maternal age.

2. Turner Syndrome

Turner syndrome is a condition associated with monosomy of an X chromosome.

It was first described by Turner (1938).

Their genomic complement is 44+XO0, indicating that they have 45 chromosomes.

Such individuals are phenotypically female but are sterile due to the absence of ovarian function.
They are of a short stature having webbed neck, puffiness or swelling of both hands and feet, along
with heart defects and kidney problems.

In Turner syndrome, there is deficient secretion of FSH and estrogen.

Epithelial cells lack Barr body.

Frequency of Turner syndrome is 1 in 2,500 live female births.

3. XYY Syndrome

It is a genetic condition in which males have an extra’ Y chromosome in each cell.
Affected males have 47 chromosomes (44+XYY).

This is not usually an inherited condition but a defect that occurs during cell division.
Such males tend to be tall having normal levels of testosterone.

Most of these individuals have normal sexual development and normal fertility.

The incidence of XYY syndrome is not affected by maternal or paternal age.

The frequency of XYY syndrome is 1 in 1,000 live births.

4. Fragile X Syndrome

Fragile X syndrome is the most common form of mental retardation.
Fragile X syndrome is due to a change in the gene that is inherited at the time of conception.
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¢ This gene is termed as FMR1 gene, located on the X chromosome.

* FMRI gene is responsible for making a protein responsible for proper development of the brain. So,
when this gene is not functioning properly, functioning of the brain is affected.

¢ X chromosome is unusually fragile at one tip in the victim of such a syndrome.

¢ Generally most people have 29 repeats at the end of their X chromosome but those with fragile X
have more than 700 repeats due to duplication.

¢ Its frequency is 1 in 1,500 births in males and 1 in 2,500 births in females.

Human Genetic Diseases

* Genetic or hereditary diseases are conditions caused by subtle damage to the DNA, which is passed from
one generation to the next.
¢ The damaged gene is inherited according to rules of genetics.
* These diseases may be:
1. Autosomal recessive
2. Autosomal dominant
3. Sex-linked recessive
4. Sex-linked dominant

1. Autosomal Recessive Diseases

In autosomal recessive inheritance, the gene is located on one of the autosomes and both the sexes are
equally affected. Recessive would mean that two copies of the gene are necessary to have the trait; one
inherited from the mother and one from the father. A person with only one recessive gene is said to be
a ‘carrier’ for the trait or disease, but they do not have any health problems from ‘carrying’ one copy of
the gene. Most people do not know they carry this defective gene since it is recessive in nature until they
have a child with the disease.
Some important autosomal recessive diseases are given below.
(a) Albinism
¢ Albinism is an autosomal recessive trait.
¢ An albino person lacks the dark pigment called melanin, which provides dark colour to skin, hair
and iris.
¢ Albinism is due to the deficiency of the enzyme tyrosinase.
¢ The enzyme tyrosinase converts amino acid tyrosine to melanin through an intermediate product
dihydro phenyl alanine (DOPA).
* The gene for albinism (a) does not produce tyrosinase. Its normal allele (A) produces tyrosinase.
Thus, only a homozygous (aa) individual is affected.
¢ For heterozygous parents with normal pigmentation (Aa), two different types of gamets may be
produced, viz., A or a. From such a cross, one-fourth of the children could be albino.
(b) Phenylketonuria (PKU)
¢ PKU is an inborn metabolic disease in which a homozygous recessive individual lacks the
enzyme phenyl alanine hydroxylase.
* Enzyme phenyl alanine hydroxylase is required for the conversion of amino acid phenyl lalanine
to tyrosine.
* Lack of this enzyme is due to an abnormal recessive gene with locus on chromosome number 12.
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The defective gene is due to substitution.

There is a high level of phenyl alanine in the blood and tissue fluids.

The high level of phenyl alanine in the blood damages the development of the brain. Muscles
and cartilages of legs may be defective as a result of which the victim is unable to walk properly.
The heterozygous individuals are normal but are carriers.

Its frequency is 1 in 15,000 infants.

(¢) Alkaptonuria (Onchronosis)

Alkaptonuria was the first disease to be interpreted as a single gene trait.

It was discovered by Archibald Garrod (1902).

It is a rare condition in which patients have arthritis and excrete large amounts of homogentisic
acid in their urine.

The urine of such a person turns black on exposure to light.

Alkaptonuria is due to the deficiency of an enzyme, oxidase, which is required for the breakdown
of homogentisic acid.

Lack of this enzyme is due to the absence of the normal form of a gene that controls synthesis
of the enzyme.

(d) Tay-Sachs Disease

It is an autosomal recessive disease resulting in degeneration of the nervous system.

Children homozygous for this trait rarely survive past five years of age.

Sufferers lack the ability to make enzyme N-acetyl-hexosaminidase, which breaks down the
GM2 ganglioside lipid.

The lipid accumulates in lysosomes in the brain cells, eventually killing the brain cells.
Symptoms of the disease manifest after birth.

It is rare in general population (i.e., 1 in 30,00,000).

(e) Galactosemia

Galactosemia is an autosomal recessive disease in which the sufferer lacks the ability to convert
galactose into glucose.

It is due to the deficiency of the enzyme galactose phosphate uridyl transferase (GALT).

GALT locus is on 9p and carrier detection is possible.

Milk is toxic to galactosemic children and such children die around three years of age.

Its incidence is 1 in 40,000.

(f) Cystic Fibrosis

Cystic fibrosis is an autosomal recessive trait with locus at 7q21-31.

Cystic fibrosis is caused by a mutation in the gene for the protein cystic fibrosis transmembrane
conductance regulator (CFTR).

There is excess production of glycoprotein which interferes with salt metabolism.

Elevated levels of sodium and chloride ions in sweat.

There is pancreatic insuffiency and chronic lung disease secondary to recurrent infection.

The disease is common in Caucasian population.

(g) Wilson Disease

It is an autosomal recessive trait with locus on 13q14.
It is characterised by defective copper metabolism with reduced ceruloplasmin and increased
hepatic copper.
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¢ Itsincidence is 1 in 2,00,000 in United Kingdom and 1 in 25,000 in Japan.
(h) Sickle Cell Anaemia
¢ Sickle cell anaemia is a recessive autosomal trait.

* Sickle cell anaemia is a molecular disease and is produced by the presence of an abnormal gene
called haemoglobin S.

* Haemoglobin S is the result of an anomaly of the beta chain, wherein the sixth position glutamic
acid is substituted by valine.

¢ The sickle cell trait was first discovered in an American of African ancestry by Herrick (1910).

* In sickle cell anaemia, the shape of RBCs becomes sickle-like, because of which the oxygen-
carrying capacity is reduced.

* During reduced oxygen tension, red-cells sickle cell anaemia carriers may be sickle. Thus,
this recessive trait may be co-dominant at the level of the gene product or dominant in altered
environment.

2. Autosomal Dominant Trait

* Gene for such trait is located on one of the autosomes and both sexes are equally affected.
* If one parent has a dominant trait, there is a 50 per cent chance that any child will have this trait.
* Some important autosomal dominant diseases are as follows:
(a) Huntington’s Disease
¢ It is an autosomal dominant disease resulting in progressive destruction of brain cells.
e Its gene is located on chromosome 4.
* If a parent has the disease, 50 per cent children will be victims of this disease.
* The disease does not manifest until after age of 30.
(b) Achondroplasia
* Achondroplasia is an autosomal dominant trait in which only a single copy of the abnormal gene
is required to cause achondroplasia.
* The gene of achondroplasia fully penetrates, i.e., everyone who possesses it has achondroplasia.
* It results in an abnormally short stature and is the most common cause of short stature with
disproportionately short limbs.
e Itis one of the oldest known birth defects.
* An average worldwide occurrence is 1 in 25,000 births.
(¢) Marfan Syndrome
* Marfan syndrome is an autosomal dominant trait and is a disorder of the connective tissue.
¢ The gene for Marfan syndrome, called fibrilin-1, is located on chromosome 15.
¢ Itis characterised by arachnodactyly, i.e., long limbs with reduced upper or lower segment ratio.
There is extreme looseness of joints.
* Lifespan of such an individual is 40-50 years.
(d) Congenital Spherocytosis
* Congenital spherocytosis is an autosomal dominant trait with locus in 8p.
e It is characterised by chronic hemolytic anaemia. There is reduced red blood survival and
increased osmotic fragility.
e [tsincidence is 1 in 4,500 births.
* Some other common examples are polydactyly, brachydactly, etc.
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3. Sex-Linked Recessive Diseases

* The genes for sex-linked diseases are located on either X chromosome or Y chromosome.
¢ In X-linked inheritance, genes are located on the X chromosome.
* In females, X-linked recessive genes are expressed only during homozygous condition, so females
suffer less in comparison with males.
¢ Important X-linked recessive diseases are colour-blindness, haemophilia, G-6PD deficiency, Lesch—
Nyhan dystrophy, childhood muscular dystrophy, white forelock of hair, etc.
(a) Lesch-Nyhan Syndrome
¢ Itis arare inherited trait.
* Lesch—Nyhan syndrome is an inherited X-linked recessive trait.
* Mutations in HPRT1gene cause this syndrome, due to which there is severe deficiency of the
enzyme hypoxanthine phosphoribosyltransferasel.
* Lesch—Nyhan syndrome is characterised by the overproduction and accumulation of uric acid.
* The overproduction of uric acid may cause gouty arthritis, kidney stones and bladder stones.
e Its frequency is 1 in 3,80,000 individuals.
(b) Glucose-6-Phosphate Dehydrogenase (G-6PD) Deficiency
* G-6-PD deficiency is the most common metabolic disorder.
¢ It is characterised by the deficiencies of the enzyme glucose-6-phosphate dehydrogenase, which
catalyses oxidation of glucose-6-phosphate to 6-phosphogluconate with simultaneous reduction
of NADP to NADPH.
* G-6-PD deficiency is an X-linked trait (chromosome location Xq28).
* G-6-PD deficiency was first identified in people of African origin in America by Beutler (1959).
* Beans and certain drugs induce hemolysis in G-6-PD deficient persons.
* G-6-PD deficiency is widespread in India.
* G-6-PD deficiency confers relative advantage against the human parasite Plasmodium falciparum.

X-Linked Dominant Inheritance

¢ In X-linked dominant inheritance, the gene is located on the X chromosome but acts in a dominant manner.
* Both males and females may display the trait by having only one copy of the gene.
¢ Examples of X-linked dominant disease are Rett syndrome and incontinentia pigment (IP).

Y-Linked Traits

* Y chromosome is small and carries few genes, so there are few Y-linked disorders.
¢ Hypertrichosis (tuft of hair on pinna) is a Y-linked trait.

Blood Groups

Blood groups are complex chemical systems found on the surface of red blood cells.

* International Society of Blood Transfusion (ISBT) has recognised 29 blood groups.

* Across 29 blood groups, over 600 different blood groups’ antigens have been found.

* Many of these blood groups are rare or found only in certain ethnic groups (e.g., Diego positive blood
group is found only among East Asians and Native Americans).

¢ Of these blood groups, ABO and Rh blood groups are the most important for blood transfusion.
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ABO Blood Groups

Blood groups are useful genetic markers and excellent traits of population genetic studies.

Blood grouping is a valuable trait in blood transfusion, forensic, medicine and paternity disputes.

The ABO system is a polymorphic system of antigens carried on red cells and other tissues.

Landsteiner (1900) recognised existence of the ABO blood system in humans comprising A, B and
O groups.

De Castello and Sturli (1902) discovered the fourth group AB of the system.

The later studies subdivided the group into A, A, (Dungern and Hirszfeld, 1911) and A3 (Friedenreich,
1936).

The mode of inheritance of A, B and O was studied by Bernstein in 1924.

Almost every individual has the same blood group for life, but very rarely, an individual’s blood type
changes through addition or suppression of an antigen, infection, malignancy or autoimmune disease.
ABO system is the only blood group system in which antibodies are consistently, predictably and
naturally present in the serum of the people who lack antigen.

The ABO blood group expression is controlled by genes at the ABO locus located on chromosome 9.
ABO blood types are also present in some animals like cows, sheep, apes, chimpanzees, banobos,
gorillas, etc.

The A and B allele differ from each other by seven nucleotide substitutions; four of which are translated
into different amino acids in the gene product.

On the basis of presence of antigens and antibodies, human blood

groups have been grouped into four types: d

* Blood group A having antigen A and antibody /8 0 1A 1 1°

* Blood group B having antigen B and antibody «

* Blood group AB having antigen AB and without antibody N JAJA [AB [A]O
* Blood group O having no antigen but antibody @ and /8 ! (A) (AB) (A)

Blood group is inherited from both parents.

The four blood groups—A, B, AB and O are controlled by three B A8 818 181°
alleles—I* IA, I* P and [T (AB) | (B) | (B)

I* and IB are co-dominant while I° is recessive to both. People

homozygous for the recessive I° allele have blood group O. 10 1A19 819 1910
People having blood group A have genotype I*I*/I*I° and like- (A) B) ©)

wise people having blood group B have genotype IPIB/ IPI°. 1

Heterozygous I*I® individuals have blood group AB. Fig. 246

The parents of a person of blood group O must be I°I° or I*I° to

produce one-fourth I°I° progeny or IBI° or one may be I*I° and other IBI°.

It is not possible in blood grouping to distinguish I*I* from IAI° or IEI® from IBI°, but this may be possible
through pedigree analysis.

Thus for blood group O, the parents must be homozygous (I°I°) or heterozygous (I*I°/IBI°).

Blood Transfusion

The first successful experiment in blood transfusion was conducted on dogs by an English anatomist,
Richard Lowenin, in 1666. In 1667, French scientist, Jean Baptiste Denis performed the first transfusion
of animal blood to a human (lamb blood).
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There should be correct knowledge of blood groups of donor and recipient at the
time of blood transfusion because if the blood of a wrong group is transfused, it will
lead to death of the recipient.

I* allele synthesise antigen A and in the blood group of person A, the serum con-
tains naturally occurring antibodies against the antigen B.

Antibodies against antigen B will agglutinate any RBCs which have the antigen B
in them, which may lead to death.

Persons having blood group AB have both antigens A and B on the RBCs. So nei-
ther anti @ nor anti S occur in the serum of such persons. They can receive blood
from any other group. Therefore, AB blood group is known as a universal recipient. ) N
In blood group O persons, antigens A and B both are absent and the serum contains Fig. 25¢

both anti & and anti 3. Such a person can donate blood to any other group. Therefore, any person with
blood group O is known as a universal donor.

The diagram shown below describes the phenomenon of donors and recipients. The direction of arrow
shows the recipients.

Differences among ABO blood types occur because of the presence of different antigen and antibodies.
Antigens of ABO blood systems are molecules composed of a protein—sugar combination that occur on
the surface of red blood cells, while antibodies are substances that are produced by the immune system in
response to external substances.

ABO alleles determine the activity of specific sugar transfers.

The A allele adds N-acetylgalactosamine to the precursor glycoprotein (H substance).

The B allele adds D-galactose to the precursor glycoprotein (H substance).

In the presence of O allele, the H substance is unchanged.

Unchanged
Glycoprotein (H) A Antigen (+N-acetylgalactosamine)

B Antigen (+D-galactose)
\
Fig. 26 é Biosynthesis of ABO blood group substances
The H substance is produced by the action of dominant allele at the locus, which is distinct from ABO
locus.
Individuals homozygous for recessive mutant allele H do not produce H antigen.
Individuals with the rare ‘Bombay phenotype’ do not express substance H on the red blood cells and therefore,
do not bind A or B antigens.
A new technique has been developed by scientists for converting one blood group into another.
The technique enables blood group A, B and AB to be converted into group O negative, which can be
safely transfused to any person.
Two bacteria, viz., Elizabethkingia meningosepectium and Bacteroides fragilis contain potentially useful
enzymes that cut sugar molecules from the surface of red blood cells.
The enzyme of Bacteroides fragilis can remove the antigen B and the enzyme of Elizabethkingia
meningosepectium can destroy antigen A.
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Rh Blood Group

Rh blood factor was reported by Landsteiner and Weiner (1940) in the red blood corpuscles of rhesus
monkey (Rhesus macaca).

Rh antigen is a protein on the surface of red blood corpuscles in many persons.

Those having this antigen are Rh* and those who lack this antigen are Rh".

About 85 per cent of the population is Rh*and the remaining 15 per cent isRh".

Inheritance of Rh blood group is controlled by two alleles, viz., D and d.

Individuals which are homozygous dominant (DD) or heterozygous (Dd) are Rh* and those who are
homozygous recessive (dd) are Rh™.

Clinically, the Rh factor can lead to serious medical complications.

Rh-type mother—foetus incompatibility takes place when an Rh* man fathers a Rh™child with a Rh~ mother.
Rh* father has genotype DD or Dd. There are two mating combinations possible:

Only Rh* children are likely to have complications. When both the mother and foetus are Rh, the birth
will be normal.

In the first delivery usually there is no incompatibility. However, in the second, third and subsequent
births, both are likely to have life-threatening problems.

Normally, antiRh* bodies do not develop in the first pregnancy, unless the mother comes in contact with
Rh* blood. So, her antibodies are not likely to agglutinate red blood cells of her Rh* foetus.

d o]

Q D D Q D d
d Dd Dd d Dd dd
d Dd Dd d Dd dd

\
Fig. 27

Placental rupture generally occurs at birth. Here some foetal blood gets mixed with the mother’s blood,
which stimulates the development of antibodies to Rh* blood antigens.

Rh antibodies can cross the placenta.

If a second pregnancy occurs, the antibodies present in the mother’s blood start destroying the red blood
cells of the foetus due to agglutination. Therefore, the baby is anaemic. The baby also suffers from jaundice.
This is known as hemolytic disease of newborn (erythroblastosis fetalis).

CYTOPLASMIC INHERITANCE

In cytoplasm, some self-reproducing particles are found having the ability of stability, mutability as well
as influencing the transmission of characters. These particles are called plasmagenes. The mode of inheritance
under the control of plasmagenes is termed as cytoplasmic inheritance.

Cytoplasmic inheritance is also known as extranuclear, extrachromosomal, non-Mendelelian or uniparental
inheritance.
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¢ Cytoplasmic inheritance was first of all described by Correns (1908).

Characteristics of Cytoplasmic Inheritance

* Characters are controlled by plasmagenes and the sum total of plasmegnes is called plasmon.

* Plasmagenes are located in the cytoplasm, cytoplasmic organelles and on the cellular surfaces.

¢ Plasmagenes have the ability of self-duplication, stability as well as undergoing mutation.

* Plamagenes are inherited through cytoplasm.

* In cytoplasmic inheritance, the results of the reciprocal cross differ.

* The offsprings receive cytoplasm only from female gametes. As a result, in offsprings, plasmagenes of
only the mother are manifested. Therefore, cytoplasmic inheritance is also known as maternal inheritance.

Examples of Cytoplasmic Inheritance

1.  Shell Coiling in Snails
* A good example of cytoplasmic inheritance was described by Boycott et al. (1930) in shell coiling
of snails.
e In snails, (Limnaea peregra) two types of shell coiling are found, viz., dextral and sinistral.

DD(®) dd(a)

S dd(9) DD(9)
00 -8

x F
Dextral Sinistral
Sinistral Dextral
Dd

Dd
Fi
Dextral
DD(?) dd(9) Sinistral
. dd(9) DD(?)
Inter ! N =
cross Inter ’ ’
Dextral Dextral cross
DD Dd Dd dd Sinistral Sinistral
DD Dd Dd gy
Fa

Fa
Dextral Dextral Dextral Dextral

Dextral Dextral Dextral Dextral

Vol ok 4 o
FS@I@I @Ial FS@ @ @

Fig. 28 j Cytoplasmic inheritance in Limnaea peregra
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In dextral type, shell coiling is right handed (clockwise) and in sinistral type, it is left handed
(anticlockwise).

Inheritance of dextral coiling is controlled by dominant gene D and that of sinistral type by
recessive gene d.

Boycott et al. found that shell coiling is determined by the gene of the mother.

When a dextral female is crossed with a sinistral male, all F, offsprings develop dextral coiling. Like-
wise, when a sinistral female is crossed with a dextral male, all F, offsprings develop sinistral coiling.
Thus, it is clear that the genotype Dd may be dextral or sinistral depending on the genotype of the mother.
Likewise, the genotype dd may be sinistral or dextral according to the genotype of the mother.
Thus, it is clear that it is the genotype of mother, which determines the pattern of coiling in off-
springs, irrespective of their own genotype.

This is due to the presence of cytoplasmic particles (plasmagenes) in the cytoplasm.

2. Inheritance of Kappa Particles in Paramecium

|
N
Fig, 200

Inheritance of kappa particles in Paramecium aurelia is controlled by cytoplasmic inheritance
(Sonneborn, 1938).

Particles Killer

Conjugation Conjugation
Short duration) (Long duration)

q :Exconjugants :
. (Cytoplasmic
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Cross between killer and nonkiller strain of Paramecium: (a) Conjugation without cytoplasmic exchange
(b) Conjugation with cytoplasmic exchange
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Kappa particles are found in a certain strain of Paramecium and are capable of producing a toxic
substance called paramecin.

Paramecin is lethal to strains that lack kappa particles.

The production of kappa particles is dependent on a dominant allele K, so the killer strains are KK
or Kk, while the nonkiller strains (that lack kappa particles) are kk.

If the killer (KK) and nonkiller strains are allowed to conjugate and if the duration of conjugation
is short, the ex-conjugate killer produces a killer strain and the ex-conjugate nonkiller produces a
nonkiller strain.

But if conjugation persists for a long duration, the ex-conjugate killer produces killer strains and
quite surprisingly, the nonkiller also produces killer strains.

It is so because if conjugation persists for a short duration, then only exchange of the nucleus occurs.
But when conjugation persists for a long duration, it involves exchange of cytoplasm and the nonkiller
strain receives plasma genes of kappa particles. Thus, the nonkiller strain, in spite of its genotype Kk,
starts producing kappa particles as it receives kappa particle K from the killer strain, due to the ex-
change of cytoplasm.

3. Plastid Inheritance in Mirabilis jalapa

Correns reported inheritance of plastids in Mirabilis jalapa controlled by cytoplasmic genes.

In Mirabilis jalapa, three types of branches are found, viz., colourless, green and variegated leaves.
Seeds of colourless branches produce only colourless (white) branches which do not survive due to
lack of chlorophyll. Seeds collected from green branches produce only green branches, while seeds
collected from variegated branches produce colourless, green and variegated plants.

If a female flower of a white branch is crossed with a male flower of a white branch, the offsprings
are white like the mother.

If a female flower of a green branch is crossed with a male flower of a white branch, the offsprings
are green like the mother.

But if a female flower of a variegated branch is crossed with a male flower of any branch, the off-
springs are of all the three types, i.e., white, green and variegated.

(a) White female x Green Male  (b) Green Female x White Male ~ (¢) Variegated Female x Male of Any Branch

|

All White All Green l i l
Variegated = Green White

Fig. 30 gf Cytoplasmic inheritance of plastids in the four o’clock plant

4. Pigmentation in Flour Moth

In flour moth, pigmentation of the body is controlled by the dominant gene A, which is responsible
for the production of kynurenine (a pigment precursor).

A cross between a nonpigmented homozygote (aa) female and a pigmented heterozygote (Aa) male
results in both nonpigmented and pigmented larvae (1:1).

But a cross between heterozygote pigmented (Aa) female and homozygous (aa) nonpigmented male
results in all pigmented larvae. However, when larvae mature, only half of them become pigmented
(Aa) and the rest become nonpigmented (aa).
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It is so because nonpigmented (aa) larvae receive
kynurenine pigment from the mother through the egg
cytoplasm, during the early stages of development.
However, they are unable to synthesise kynurenine
pigment due to the absence of dominant allele A and
this results in the subsequent loss of pigmentation,
which occurs in half of the adult moths.

5. Sigma Particles in Drosophila

Heritier and Teisier reported a race of Drosophila,
which was more sensitive to CO, than the others.
This race is known as sensitive strain and it pos-
sesses a heat-liable substance called sigma factor.
Sigma factor is present in the cytoplasm.

Genetics and Molecular Genetics @@

Nonpigmented (aa) Female x Pigmented (Aa) Male

Nonpigmented (aa): Pigmented (Aa)

Pigmented (Aa) Female x Nonpigmented (aa) Male

Pigmented (Aa): Pigmented (aa) (Larval Stage)

Fig. 31¢

Individuals of the sensitive race become anesthetised even at low concentrations of CO, and may be

killed at higher concentrations of CO,.

If a CO, sensitive female is crossed with an insensitive male, all offsprings are CO, sensitive.
However, if an insensitive female is mated with a sensitive male, either a few offsprings are sensitive

or none of them is sensitive.

It is due to the inheritance of sigma particles from the mother through the egg cytoplasm because
of which insensitive individuals become sensitive. Thus, it indicates that the inheritance of sigma

particles is under the control of cytoplasmic genes.

NUCLEIC ACID

Nucleic acids are of the following two types:
1. Deoxyribose Nucleic Acid (DNA)
2. Ribose Nucleic Acid (RNA)

Genetic Materials of Some Organisms
1.  Double-stranded DNA - Protista, fungi, algae, plants, (dsDNA) higher animals, bacteria, small pox

virus, animal virus, some bacteriophages T2, T4, T7, etc.
2. Single-stranded DNA — Bacteriophage ¢x174 (ssDNA)
Double-stranded RNA — HIV, reo viruses, (dsSRNA)
4. Single-stranded RNA — TMV, influenza virus, (ssRNA), polio virus, bacterio-

et

phage F2, R17, etc.

Chargaff’'s Law

A

Base composition varies from species to species.
Different cells of the same species have the same base composition.
Base composition does not change with age, nutrition or change in environment. Deoxyribose
For each species the number of A =T and the number of G = C.

A+T ratio is different in different species but similar in same species.

\
\

Fig. 326
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Chemical Composition

DNA contains the following three types of chemical compounds:
1. Sugar
* Sugar found in DNA is of monosaccharide and of pentose type.
* The pentose sugar has five-membered ring in which the second carbon is deoxidised.

2. Phosphate (l?
* In DNA, phosphate is found as phosphoric acid (H,PO,). OH—-P—OH
Phosphoric acid contains three reactive hydroxyl (OH) groups. Out of the ‘ OH

N
three hydroxyl groups, two are involved in forming sugar phosphate back- Fig. 33 J Phosphoric acid
bone of the DNA. The phosphate makes a nucleotide negatively charged.

3. Nitrogenous Bases
* Two types of nitrogenous bases are found in DNA, viz., purine and pyrimidine
* Purine is a nine-membered, double-ring structure.

N|H2 ﬂ
C C
C N N// \C—N H N/ \C N
NT6 o 7\ | Se—n | Ne—H
1°5 c J/
c[:2 4/(1;\ 9 } H—C\\ ). _T H,N—C —|\|1
3
o Ny H
Purine Ring Adenine Gunnine
Fig. 34j ﬁ
\ NH2
H—N C—CHs &
VAR
N C—H
o \ ot por
C254¢C | N
R~ |
H H
Pyrimidine Ring Thymine i Cytosine
Fig. 35)
0 CH
XN
/P Phosphate Group
HO
H,C5 o OH] o
1]
S5
CHL =
HC 3 >
ow
a
CH CH,
OH

Fig. 36 A deoxyribose sugar molecule linked with phosphate group at 5’ position
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* In DNA, two types of purine are found, viz., adenine and guanine.
* Pyrimidine is a single-ring compound and in DNA.
* Two types of pyrimidine are found, viz., cytosine and thymine.

Nucleoside

* A combination of sugar and nitrogenous base is known as nucleoside.

* The nitrogenous bases unite with sugar through glycosidic bonds.

* In purine, the glycosidic bond forms between nitrogen no. 9 and carbon no. 1 of deoxyribose.

* In pyrimidine, the glycosidic bond is formed between nitrogen no. 3 and carbon no. 1 of deoxyribose.
¢ In DNA, the following four types of nucleosides are found:

O\>j/OH
N

HO O
H,C®
Deoxyadenylic 4 1
Acid
3 2
H OH
O
5
N
HO O
H,C5 N 1NH
2
Deoxythymidylic X4 1
Acid o)
3 2
OH

Acid

O\P/OH
PN

H205 O
Deoxycytidylic
Acid
OH

\
Fig. 37 ) Structure of four different 5’p 3’ OH nuclectides found in DNA
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Adenine + Deoxyribose = Deoxyadenosine
Thymine + Deoxyribose = Deoxythymidine
Cytrosine + Deoxyribose = Deoxycytidine

Guanine + Deoxyribose = Deoxyguanosine

Nucleotide

* A combination of sugar, nitrogenous base and phosphoric acid is known as nucleotide.
* In DNA, the following four types of nucleotides are found:

Deoxyribose + Adenine + Phosphoric acid = Deoxyadenylic acid

Deoxyribose + Guanine + Phosphoric acid = Deoxyguanylic acid

Deoxyribose + Thymine + Phosphoric acid = Deoxythymidylic acid

Deoxyribose + Cytosine + Phosphoric acid = Deoxycytidylic acid

Polynucleotide

* A combination of many nucleotides is known as polynucleotide
* In a polynucleotide chain, nucleotides are joined together by phosphodiester bonds (a diester bond
involves two ester bonds).

O\ /HO
N
HO O\

Ha

Base

>

Two Ester Bonds
(Phosphodiester)

Base

e/

Fig. 38

Watson and Crick Model of DNA

¢ J D Watson and F S H Crick proposed the most stable model of DNA in 1953. According to the model, the
structure of the DNA is as discussed ahead.

* DNA is a double helical structure.

¢ The helix contains two antiparallel and spirally coiled strands.

¢ The backbone of each strand is made up of deoxyribose sugar and phosphate joined by ester bonds.

¢ All the sugars in one strand are directed to one end, which is opposite to that of the sister strand.

A polynucleotide chain showing phosphodiester bond
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Deoxyribose
Phosphate

<— Sugar 1

(a) (b)

Fig. 39 ﬂ (a) Watson and Crick model of DNA (b) Parts of two complementary chains of
nucleotides of the DNA model

* One oxygen of phosphate group joins with carbon no. 3 of the deoxyribose.

* Another oxygen of the same phosphate joins with carbon no. 5 of the next sugar.

e Each strand completes a turn at 34 A intervals called pitch.

e Each turn contains ten nucleotides; hence the distance between the two nucleotides is 3.4 A.

* The width of the double helix is 20 A.

¢ It contains two types of nitrogenous bases, viz., pyrimidine and purine.

¢ Purine (Adenine and Guanine) is a double-ring compound, while pyrimidine (Thymine and Cytosine) is
a single-ring compound.

¢ Purine joins with deoxyribose sugar by glycoside bond that forms between C1 of deoxyribose and N9 of purine.

* Similarly, glycoside bond is formed between C, of deoxyribose and N, of pyrimidine.

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

TR
/C\C5 C s N1/g >
Low \9)\; 3 T xp s/

@;ﬁ_%/ Guanine Cytosme \Eg>c/\c|

Fig. 40 i DNA segment showing hydrogen bonds between two types of
bases: Bonding between deoxyribose sugar and phosphate
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¢ Adenine pairs join with thymine by two hydrogen bonds.

e (Cytosine pairs join with guanine by three hydrogen bonds.

* The pairing between pyrimidine and purine makes the strand complementary to each pther
* Both the strands are intertwined, which results in the formation of major and minor gg wves.

Structural Features of Three Major Forms of DNA

Table 5
(" S.No. Characters A-DNA B-DNA Z-DNA )
1. Coiling Right handed Right handed Left handed
2. Diameter 23°A 20°A 18°A
3. bp per turn 11 10.5 12
4. Rotation per bp 32.7° 35.9° 60°/2
5. Pitch 28 A° 34 A° 69°A
6. Mean twist +18°A +16°A 0°t
7. Form of sugar
L 8. Phosphate bone Regular Regular Zigzag

Functions of DNA

* DNA carries genetic characters from parents to offsprings.

* DNA controls all cellular activities.

* DNA brings about differentiation of cells during development.
¢ DNA contributes to evolution by undergoing gene mutations.
* It synthesises RNA.

* DNA controls post-natal development by its internal clock.

RNA

¢ RNA is a type of nucleic acid, chiefly fond in the cytoplasm. But it is also found in the nucleolus. Besides,
it also occurs in mitochondria and chloroplast.

Structure of RNA

* RNA is a single-strand structure formed of many nucleotides, arranged in a linear fashion.

HOCH, OH
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* It contains ribose sugar, joined to phosphate with phosphodiester bond at carbon positions no. 3 and 5.
¢ The nitrogenous bases found in RNA are as follows:

(a) Purine — Adenine and Guanine

C N
SEN S
N165C 7\
2] ﬁc
02340\?\1
NH, SN o)
(|: Purine Ring ||
N// \C—N H— { \C—N
N\ N N
H—C C—N H,N—C  C—N
N N/ |
N N H
Aderine Guanine
<
N
Fig. 42¢
(b) Pyrimidine — Cytosine and Uracil
Nyte q
C C
VA /7 N\
I
C
{16 O0=C_ C—H O=C_ C—H
"|‘1 65? N N\ A
C234C '|\l
N H H
Pyrimidine Ring Cytosine Uracil
N
Fig. 43¢

¢ Nitrogenous bases unite with ribose by glycosidic bond.

* The glycosidic bond forms between C, of ribose and N of purine.

* The glycosidic bond forms between C, of ribose and N, of pyrimidine.
* Purine and pyrimidine bases are not in equal number.

¢ RNA does not follow Chargaff’s law.

¢ The nucleotides of a single-stranded RNA show intramolecular pairing, which provides stability
to the RNA.

Types of RNA

In Eukaryotic cells, the RNA is not a genetic material and is synthesised from the DNA by a process called
transcription. The following three types of RNA are found in the cytoplasm:
1. mRNA (Messenger RNA)

2. tRNA (Transfer RNA)
3.  rRNA (Ribosomal RNA)
1. mRNA (Messenger RNA)

¢ Itis synthesised inside the nucleus from one of the two strands of DNA and after synthesis it diffuses
into the cytoplasm.
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A B C D E F G

N
Fig. 44 o mRNA: A = Cap, B = Noncoding region, C = Initiation codon,
D = Coding region, E = Termination codon, F = Noncoding region, G = Poly-A

* It carries genetic information from chromosomal DNA to the cytoplasm for the synthesis of protein.
* The synthesis is carried out from 5’ to 3’ end.
* mRNA constitutes about five per cent of the total RNA present in the cell.
¢ It has a short lifespan in prokaryotes (e.g., two minutes in bacteria) but in eukaryotes, it survives for days.
¢ Itis destroyed after few translations; therefore it has a high turnover.
* mRNA of all eukaryotes has a cap of 7-methyl Guanosine at 5’ end which protects them against the
action of nucleases.
* mRNA is synthesised in the form of hnRNA (heterogeneous nuclear RNA) which contains a
sequence of both translating and nontranslating nucleotides.
¢ During maturation, the nontranslating sequence (introns) are removed by the process of RNA splicing.
¢ The sequence of nucleotides which code a polypeptide chain is called exon.
¢ Most of the mRNA contains a sequence of poly-A (polyAdynalic acid) tail attached to 3’ end.
¢ The poly-A tail stabilises the mRNA and becomes shorter with the age of the mRNA.
* The coding region of mRNA starts with AUG and ends with UAA, UAG or UGA (termination codon).
2. tRNA (Transfer RNA)
¢ tRNA is a relatively smaller molecule containing 75 to 85 nucleotides.
¢ Itis also called soluble or adaptor RNA. _ _
* It constitutes 10 to 20 per cent of the total RNA of 3[A]Amino acid
the cell.
¢ It is synthesised in the nucleus on DNA template (a
part of DNA). 5
* It consists of a single-stranded polynucleotides A qino Acid Activating
chain, looped upon it to form a clover structure. Enzyme Recognition Site
¢ In 1965, Holley et al. worked out the nucleotide se- s ——
quence for yeast alanine tRNA and gave the clover E
leaf model.
* According to the clover leaf model, tRNA is folded
to form five arms.
* The 3 end always terminates with C~-C~A sequence, A”tgi?gon Variable Arm
which is added post-transcriptionally. _
* The activated amino acid joins at this C—C-A se- Anﬂgggon
quence. AU
¢ The 5’ end terminates with G or C nucleotide.
¢ Loop IV interacts with the complementary region of
the rRNA during protein synthesis.
e The variable loop differs greatly in length in differ-
ent tRNA.
¢ Loop III contains anticodon side while loop I participates in amino acid activation.
¢ All tRNA show this characteristic of folding except mitochondrial tRNA.

.(DbHU D-Stem
Loop

D-Arm

Fig.45¢  (RNA



The McGraw-Hill companies

3. rRNA (Ribosomal RNA)

Ribosomal RNA forms bulk (80 per cent)
of the total cellular RNA.

The RNA molecule is single polynucleo-
tide helix, which is branched and flexible.
In the helical region, base pairs are com-
plementary and are joined by hydrogen
bonds.

Unfolded regions lack base complements.
The rRNA helixes unfold on heating and
refold upon cooling.

The rRNA is stable for at least two genera-
tions.

The synthesis of rRNA begins at gastrula-
tion and increases with embryonic devel-
opment.

(b)

Fig. 46 o

rRNA is the one of the only genes present in all cells.

In prokaryotic cells, its number is about 15,000 per cell while in eukaryotic cells its number is numerous

per cell.

4»‘ -

Genetics and Molecular Genetics | 135
\xv

— Coiled \Uncoiled
Region Region

Ribosomal RNA (rRNA): (a) As an extended
strand (b) Without positive interaction
(c) With positive interaction

Ribosomes contain about 65 per cent rRNA and 35 per cent protein.

Prokaryotic cells, mitochondria and chloroplast contain 70S ribosome which is made up of two

sub-units; a larger sub-unit of 50S and a smaller sub-unit of 30S.

The larger sub-unit (50S) consists of 23S and 5S rRNA and 34 different types of proteins, while the

smaller sub-unit (30S) consists of 16S rRNA and about 21 different types of proteins.

Eukaryotic cells contain 80S ribosome which consists of a larger sub-unit of 60S and smaller sub-unit
of 40S. The larger sub-unit consists of 28S rRNA, 5S rRNA 5.8S rRNA and more than 45 types of
different proteins, while the smaller sub-unit consists of 18S rRNA and 33 different types of proteins.

The 3’ end of 18S rRNA (16S rRNA in prokaryotes) contains a binding site for mRNA cap.

The 5S rRNA contains binding site for tRNA.
rRNA provides structural integrity to ribosome and also serves as the site for the attachment of mRNA.

Uther Types of RNA

Complementary RNA (cRNA) — cRNA is a viral RNA which is transcribed from negative sense RNA

that serves as template for protein synthesis.

¢ Small nuclear RNA (snRNA) — snRNA is a class of eukaryotic small RNA molecules. It is usually found

in nucleus as ribonucleoprotein and is apparently involved in processing of heterogenous mRNA.

¢ Small nucleolar RNA (snoRNA) — Small nucleolar RNAs are found in archaea and eukaryotes and are

involved in nucleotide modifications of RNAs.

¢ Genetic RNA (gRNA) - In certain viruses, RNA acts as genetic material (e.g., TMV). Its molecule may

be single stranded, double stranded and linear or circular.

¢ Catalytic or enzymatic RNA - These are the classes of RNA having the ability to participate in
enzymatic reactions without the help of a protein. They are referred to as ribozymes and are found in many

species. The first ribozymes were discovered the 1980s by Thomas R Cech and Sidney Altman.

0
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¢ Telomerase RNA — Telomerase RNAs are found in majority of eukaryotes and are involved in the
synthesis of telomere.
* YRNA - YRNA are found in animals and are involved in RNA processing and DNA replication.

Differences between DNA and RNA

Table 6
(S. No. DNA RNA A
1.  DNA is mostly found in the nucleus. RNA is mostly found in the cytoplasm.
2. Generally DNA is a double helical structure Generally RNA is a single helical structure (in some
(in @X174 virus DNA is single stranded). viruses like Reo virus, RNA is double helical).

3.  In DNA, sugar is pentose and deoxyribose type. In RNA, sugar is pentose and ribose type.

In DNA, nitrogenous bases are adenine, guanine, In RNA also four types of nitrogenous bases are
cytosine and thymine. found, but uracil is present instead of thymine.

5 In DNA, base pairing is A=T/T=A: C=C/C=G. In RNA, base pairing is A= U/U= A:C=G/G=C
6 Base pairing occurs throughout the length. Base pairing occurs only in the helical region.

7.  Generally DNA is genetic material. RNA is nongenetic (except few viruses).

8 DNA is of only one type. RNA is of three types: mRNA, rRNA and tRNA.
9 DNA is made up of a large number of nucleotides. RINA is made up of a fewer nucleotides.

10. DNA can replicate to form its copy and forms ~ RNA lacks power of replication and transcription

11. RNA by transcription. (in certain viruses it can synthesise RNA chains).
12. DNA is feulgen positive. RNA is feulgen negative.
Ao -

REPLICATION OF DNA

*  One of the most important properties of DNA is that it can synthesise an exact copy of itself. This property
of DNA is known as replication.
* Replication of DNA takes place during interphase.
* Theoretcally, the following three types of replication are possible in DNA:
1. Conservative Replication — According to the conservative mode of replication, out of the two DNA
formed, one DNA has entirely new material and the other has entirely old material.
2. Semiconservative Replication — According to this mode of replication, out of the two DNA stands-
formed, in each DNA, there is one old and one new strand.
3. Dispersive Replication — The dispersive mode of replication suggests that out of the two DNA
formed, each strand of each DNA has patches of old and new strands.
¢ It was first proposed by Watson and Crick in 1953 that the replication is semiconservative, in which the
new strand is synthesised on the parental strand.
¢ The semiconservative mode of replication suggests that half of the DNA molecules are conserved. The
other half are synthesised as new strands.
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¢ Meselson and Stahl (1958) gave strong experi-
mental proof in favour of semiconservative mode
PN N

of DNA replication.

e Meselson and Stahl grew E. coli in a medium
containing heavy isotope >N for several genera-
tions, so that both strands of the DNA became
fully labelled with '*N.

* Thereafter, they transferred the bacteria in a me-
dium containing '“N.

* DNA was extracted from bacteria and tested for

5N DNA in every succession generation through @)

density gradient centrifugation (using cesium

chloride).

After the first generation, only hybrid molecules

(N + 5N) were present in the cells.

e After two generations, half (50 per cent) DNA
molecules were light (**N) and half (50 per cent) were hybrid ("*N + *N) and after the third generation, 75
per cent DNA molecules were light chain (*N) and 25 per cent were hybrid (**N + N).

e After the first generation in “N medium, the bacteria settled at a level intermediate between light and
heavy bands. This indicated that all DNA found after the first generation had intermediate density. This
was only possible, if the mode of replication in DNA was semiconservative.

P

(b) (c)
\
Fig. 47 ®  Three possible modes of DNA replication:
(a) Conservative (b) Semiconservative
(c) Dispersive

Replication Process

The whole process of replication is completed in the following steps:
¢ The replication begins at a particular point called initiation point or origin.
¢ Origin is a specific point of 100-200 bp recognised by initiation protein.
* In prokaryotes, there is single origin while in eukaryotes multiple origins are found.
¢ The initiation leads to cut in the DNA strand called nick.
¢ Nick leads to unwinding of the double helix helped by unwinding proteins and superhelix relaxin proteins.
¢ Unwinding leads to separation of both strands; as 534 \5’ 3 /53 \5 3/ /5
a result replication fork is formed. o \/
' 35
3 5 |3 5 I3
538 I3 35
strand in fragments called Okazaki fragments.
* Okazaki fragments are short polydeoxyribonucle- \

otides containing 200-2000 N-bases. Fig. 48 ¢  Replication of DNA

¢ The synthesis of new strand is called chain elonga-
tion which takes place in 5 —— 3’ direction.

* In one strand, it is continuous called leading
strand, while in the other strand it is discontinuous

3 53
5 38 &
called lagging strand. 3 15
¢ The lagging strand requires RNA primer for chain 3
elongation.
* RNA primer is a short polyribonucleotide contain-
ing 9-50 N-bases.
5 3 5

¢ Discontinuous replication leads to synthesis of
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¢ After the formation of Okazaki fragments, the RNA primer is excised by exonuclease.
¢ The Okazaki fragments join together by DNA ligase after the removal of RNA primer.

PROTEIN SYNTHESIS

* Proteins occupy central position in the architecture and functioning of living organisms.

* Proteins are made up of repeating monomeric units and each monomeric unit is known as amino acid.

* Amino acids are the building blocks of protein.

* There are 20 amino acids which are linked up by peptide bonds to form long chains called polypeptides.

Central Dogma

¢ Central dogma refers to the relationship between DNA, RNA and protein and it was originally proposed
by Crick.

* Crick (1958) proposed one way flow of information according to which DNA transfers its information to
RNA(transcription) and then RNA is translated to protein (translation).

Transcription ~ Translation
DNA RNA Protein

* Temin and Baltimore (1970) proposed reverse flow of information according to which DNA synthesises

RNA and RNA can synthesise DNA in tumour viruses. This is also known as Teminism.

Transcription  Translation
DNA RNA—Protein
Reverse Translation

* Protein synthesis involves the following steps:

Transcription

¢ The direction of transcriptions is 5 — 3’
¢ Transcription takes place on the DNA template helped by different factors and RNA polymerase.

* Transcription results into the formation of hnRNA
AA *
which splices to form mRNA. ATP
¢ The mRNA matures by the attachment of poly-A PP
tail at 3’ end of the mRNA.
. . AA |~ AMP + Activating Enzyme
* Similarly, 7-methyl guanosine is attached to 5’ end 9 =ney
of mRNA forming cap.
* Now the mRNA is transported to the cytoplasm. wAMP — Enzyme Complex
tRNA
Activation of Amino Acids l Q/
Inactive form of amino acid in cytoplasm is activated EI LTI LD

by ATP and specific enzyme; as a result, aminoacyl ad-  AMP ﬁ
enylate enzyme complex is formed. Enzyme

AA+ATP — AMP ~ AA + PP.

\\\

N
Fig. 49 ¢  Activation and attachment of amino acids
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Transfer of activated amino acid to (tRNA)

Aminoacyl adenylate enzyme complex transfers the amino acid to tRNA in the presence of enzyme amino-
acyl tRNA synthetase by which the amino acid gets attached to the tRNA.

AMP~AA Enzyme Complex + tRNA——AA-tRNA + Enzyme + AMP.

Initiation

In prokaryotes, the initiation of translation begins with tRNA f-met while in eukaryotes, it begins with tRNA met.

Attachment of tRNA with Ribosome

e The larger sub-unit of ribosome has two sites called A site and P site.

* Asite is also called acceptor site or aminoacyl site, which receives the activated aminoacyl complex.

e Psite is also called donor site or peptidyl site, which helps in the formation of peptide bond and polypep-
tide chain elongation.

Initiation
Codon IF-1
LUle mRNA
Initiation tRNA
aaitRNA [N-formylmethionine
mRNA
aaq tRNA Peptidyl > aay tRNA Peptide aas tRNA

Transferase ['Ejongation " Bond ° Translocation
@ Termination Formation
C ©

Polypeptide
Chain

Release Factor” ®release Facto(O

(RF-2) (RF-2)
RF FGTP GTP
Termination Hydrolysip

Fig. 50 j Different stages of translation
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Peptide Bond Formation

* The first peptide bond is formed between amino acid of the P site and amino acid of the A site.

* In this process, amino acid of the P site loses OH group and amino acid of the A site loses H group.

¢ After the formation of the peptide bond, tRNA of the P site is then released and the peptide bond moves
to the A site.

Chain Elongation

The movement of tRNA from P site to A site is repeated. As a result, a long polypeptide chain is formed.
During this process the ribosome shifts from 5° to 3’ direction on mRNA

Chain Termination

* The termination of polypeptide chain is brought about by stop codons (UAA, UAG or UGA) of mRNA
and releasing factors R1 and R2.

¢ The releasing factors and termination codon form a complex on which enzyme peptidyl transferase acts
to terminate as well as release the polypeptide chain from ribosomes.

Actlvatlon of Polypeptide Chain

The first amino acid Methionine or Formyl methionine is released from peptide chain by the action of
enzyme deformylase.

* Now released polypeptide chain folds upon it to attain tertiary or quaternary structure.

¢ The attainment of structure changes the inactive polypeptide chain into active protein.

GENETIC CODE

* Genetic code refers to the linear relationship between amino acids in the polypeptide chain and triplets in
DNA (or RNA).

* Gamow (1954) proposed that a sequence of three nitrogenous bases code for one amino acid.

* Crick (1961) pointed out that three consecutive nucleotides in mRNA strand determine the position of a
single amino acid in a polypeptide chain.

¢ Nirenberg and Mathaei provided experimental evidence in support of triplet nature of genetic code.

* Out of 64 codons, three are terminating codons (UAA, UAG and UGA).

¢ Besides, there are amino acids, which are coded by more than one codon.

* Only amino acid methionine and tryptophan are coded by one codon.

* Leucine, serine and arginine have six different codons.

* Codon AUG acts as start codon and it codes for amino acid methionine.

* Codons that specify the same amino acids are called synonyms.

*  Multiple codons for an amino acid generally show similarity in the first two nitrogenous bases and it is the
third base that varies. For example, GGU, GGC, GGA and GGG code for amino acid glycine.
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First Second Base Third
Base U C A G Base
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Fig. 51 J Dictionary of genetic code
* GUG codes for methionine, When used as initiating codon
* UAA, UAG and UGA are termination codons

¢ The variation in the third nitrogenous base (known as wobble base) can be explained by the ‘wobble

hypothesis’.

¢ The wobble hypothesis was proposed by Crick (1965), which states that the first two nitrogenous bases
of the triplet codon pair according to set rule, i.e., A with U, G with C but the third base has much more

freedom of pairing. The wobble base permits more than one type of pairing.

¢ Crick (1965) found that if U is present at the first position of anticodon, it can pair with A or G at the third

position of codon. Similarly, G present in anticodon can pair either with C or U.
* Thus, wobbling allows economy of tRNA molecules.

Table 7 Wobble pairing

Ve

o

SN LR LN,

. No.

Anticodon (First base)

= = Q> 0O Cc

Codon (Third base)
A, G

G

U

U, C

U,C, A

(Inosine resembles G)

Characteristics of Genetic Code

1. Triplet — Genetic code is triplet, i.e., a sequence of three nitrogenous bases in mRNA code for one

amino acid.

2. Non-overlapping — Genetic code is non-overlapping, i.e., one base never participates in the formation

of two adjacent codons.
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Commaless — There is no punctuation mark between two adjacent codons, i.e., genetic code is
commaless.

Universal — Genetic code is almost universal, i.e., one codon always codes for the same amino acid in
all organisms.

Degenerate — There are amino acids, which are coded by more than one codon. Thus, genetic code is
degenerate.

Co-linear — Sequence of nitrogenous bases in mRNA (DNA) corresponds to the sequence of amino
acids in a polypeptide chain.

Initiation or Start Codon — AUG is the initiation codon, which codes for amino acid methionine.
Rarely GUG acts as initiation codon.

Terminating or Stop Codons — Termination of polypeptide chain is brought about by specific codons
called terminating codons. There are three terminating codons, viz., UAA (ochre), UAG (amber) and
UGA (opal).

Polarity — Genetic code is always read in a fixed direction, i.e., in the 5"— 3~ direction.

Deciphering Genetic Code

Nirenberg and Mathaei (1961) synthesised RNA homopolymers comprising only one type, i.e., they produced
mRNA either UUUUUU (poly-U), AAAAAA (poly-A), CCCCCC (poly-C) or GGGGGG (poly-G).
Using in vitro protein synthesis, they found the following results:

1. UUU codes for amino acid phenylalanine (UUU is the first code to be deciphered).

2. AAA codes for amino acid lysine.

3. CCC codes for proline.

4. However, they could not find any result with poly-G as it did not serve as a template (it attains sec-
ondary structure and thus could not attach to ribosome). Thus, three of sixty four codons were easily
accounted for.

Further, work regarding deciphering genetic code took place by using synthetic mRNA containing two
types of nitrogenous bases (heteropolymer) in the laboratories of Ochoa and Nirenberg. The synthetic
mRNA contained two types of nitrogenous bases at random (random co-polymers). For example, in a
random co-polymer using U and A nucleotides, eight triplets are possible—UUU, UUA, UAA, UAU,
AAA, AAU, AUU and AUA. Theoretically, eight amino acids could be coded by these eight codons.
However, the actual experiment yielded only six amino acids—phenylalanine, lysine, tyrosine, leucine,
isoleucine and asparagine, by varying the relative composition, U and A, in the random co-polymer as
well as determining the percentage of different amino acids in the protein obtained.

Lederberg and Nirenberg (1964) used cellulose nitrate filter technique for determining codons of amino
acids known as the filter binding technique.

The ribosomes are left on the filter paper while tRNA washed through the filter in the absence of mRNA.
But in the presence mRNA and ribosomes, the tRNAs stick to the filter.

A mixture of synthetic poly-U mRNA and ribosome was placed on the filter and various tRNA carrying
specific amino acids labelled by “C were separately passed through the filter.

In this process, only amino acid phenylalanine was retained in the filter. Thus, it became clear that UUU
is the code for phenylalanine.

Lederberg and Nirenberg were able to determine a sequence of 54 codons out of 64 codons.
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Exceptions to Genetic Code

Though genetic code is universal, there are a few exceptions:

1.

In a few viruses, such as X174 and SV-40, genes are known to overlap.

2. The codons AGG and AGA, code for arginine but in human mitochondria, both these act as terminating codons.
3.
4. In Euplotes octacarinatus (ciliate), terminating codon UGA codes for cysteine. Only UAA is used as

In Paramecium and some other ciliates, terminating codons UAA and UGA code for amino acid glutamine.

terminating codon while terminating UAG codon is absent.

GENE REGULATION

The process by which cells translate their genetic information contained in their DNA into proteins is
known as gene expression.

These proteins have a variety of functions.

But not all these proteins are needed at a time, i.e., different proteins are required at different times.
Thus, all the functional genes do not simultaneously make protein.

As the development proceeds, certain genes are activated while certain genes are suppressed.

The activation and suppression of genes at different times is called gene regulation.

Gene expressions are controlled at many levels to ensure the organism has appropriate response to its
environment or internal changes.

Gene Regulation in Prokaryotes

Gene regulation in prokaryotes is essential as they are single-cell organisms and they mainly depend on
their environment for their activities.

In bacterial cells, regulation of synthesis of enzymes occurs in a way that these enzymes are produced only
when substrates, which are utilised by these enzymes, are present in the cell.

Jacob and Monad (1961) proposed a model for gene regulation in prokaryotes, based on their study on the
inducible operon system, for the synthesis of beta-galactosidase enzyme in E. coli, in order to explain the
induction or repression of enzyme synthesis.

This model is popularly known as the operon model.

According to this model, control of gene expression in prokaryotes involves control of operon.

An operon is a coordinate unit of gene expression.

Operon consists of:

1. Promoter — Promoter is the sequence of DNA where RNA polymerase enzyme binds.

2. Operator — Operator is the sequence of DNA where active repressor binds. It controls the activity
of a number of structural genes and itself is under the control of a repressor molecule synthesised
by the regulator gene.

3. Structural Genes — Structural genes are the DNA regions that code for protein. They synthesise
mRNA under the control of an operator gene.

Regulatory Components

1.

Regulator Gene - It is the sequence of DNA that codes for the production of a repressor protein (often
located away from the operon it regulates).
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2. Repressor Protein — In active form, it binds to the operator to prevent transcription of structural genes.

Circular DNA

Lactose Operon
Molecule

Regulator | Promoter | Operator Structural Gene
Gene Gene Gene z [ Y | G
i c i
v @@ Burt Codon

E==== RNA

polymerase

l fec mRNA [ J
2R 0w

-galactosidase Permease Transacetylase

‘ Inducer

N|
Fig. 52 J The lac operon of the bacterium E. coli

Inducible Operon (Lac Operon)

* Inducible operons are generally in the off condition, i.e., their gene products are required occasionally or
not at all by the cell.

e Repressor proteins are made in active form, and are capable of binding to the operator.

* Repressor proteins can be inactivated by binding to the inducer (in lac operon it is lactose) which is then
activated.

Repressible Operon

* Repressible operons are generally in the on condition, i.e., the products of genes are generally required,
most of the time, by cells for maintenance.

* Repressor proteins are made in inactive form, which bind to the operator.

* A repressor needs to bind to a co-repressor to make it an active repressor.

* A co-repressor is generally an end product of the metabolic pathway coded by the operon. In tryptophan
operon, it is tryptophan.

¢ There must be high accumulation of co-repressor before it can bind to the repressor to make it active.

Negative versus Positive Controls

¢ Above examples simply show on and off at the operator representing a negative control.

¢ Some operons when turned on, do not transcribe at a sufficient rate, as RNA polymerase do not bind
effectively to the promoter.

¢ These operons can be transcribed effectively by binding efficient binding of RNA polymerase. An
activated helper is required for RNA polymerase binding.
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Gene Regulation in Eukaryotes DNA

* Gene regulation in eukaryotes is much more com-
plex due to their multicellularity.
* In eukaryotes, regulation of gene is needed due to l

i Transcription

their cell specialisation. RNA Processing

* FEach cell type differentiates by activating a different
subset of genes.

* Gene regulation in higher eukaryotes may be either
short term or long term.

* Gene regulation in eukaryotes occurs at the follow- o —_—/AAAAAA
ing levels: ) ‘/i m-RNA Longevity
1. Transcription Degradation
2. RNA processing of m-RNA oS—
3. mRNA lifetime (longevity) l Translation
4. Translation %\
* One of the most popular models of gene regula-

.. . . . Protein Product
tion in eukaryotes is the Davidson—Britten’s model d

known as ‘Gene Battery Model’. According to this Fig. 53 @  Various levels of regulation in production
model, gene regulation occurs at the level of RNA of protein in eukaryotic cell
processing.

HUMAN GENOME PROJECT

¢ The Human Genome Project is a mega project that was started in October 1990 and was completed in
April 2003. However, the announcement of sequencing of individual chromosomes was published in 2006
with the completion of assigning nucleotide sequences to chromosomes.

* The Human Genome Project made it possible, for the first time, to read nature’s complete genetic blue-
print for building a human being.

* The Human Genome Project was a 13-year-effort coordinated by the US Department of Energy and
the National Institute of Health. Besides the United States, geneticists from United Kingdom (Welcome
Group), Japan, Germany, France, China and India also joined the project.

¢ The total estimated cost of the Human Genome Project would be approximately nine billion US dollars.

¢ James Watson was the first director of the Human Genome Project. He was replaced by Francis Collins
in 1993.

¢ Francis Collins (Director, Human Genome Project) and J Craig Venter (Founding President, Celera
Genomics) are two important scientists associated with the Human Genome Project.

¢ The complete sequence of the first human chromosome (chromosome 22) was published in December 1999.

* The human genome reference sequences do not represent gene of a particular person’s genome.

¢ The knowledge obtained from the sequences is applicable to every person as all humans share a basic set
of genes and common genomic regions.

¢ Researchers collected blood (female) or sperm (male) samples from a large number of donors.
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It is easier to prepare DNA cleanly from sperms than other cell types as sperms have a higher ratio of DNA
to protein. Although sperms contained all chromosomes necessary for study, scientists involved in the
Human Genome Project also used white cells from the female donor’s blood.
Only a few samples were processed for DNA resources from a large number of donors. Thus, donor
identities were protected and even scientists could not know whose DNA was sequenced.
The Human Genome Project is an international scientific research project with a primary goal to

1. Identify all the approximately 20,000-25,000 genes in human DNA.
Determine sequences of the three billion base pairs that constitute human DNA.
Store this information in databases.
To improve tools for data analysis.
Transfer related technologies to the private sector.

6. Address the ethical, legal and social issues that may arise from the project.
During decoding of the human genome, scientists also identified genes for cystic fibrosis, neurofibromatosis,
Huntington’s disease and an inheritable form of breast cancer.
In addition, the project decoded genome of the bacterium E. coli, a fruit fly and a nematode worm, in order
to study the genetic similarities among species. A mouse genome was also decoded.

b

Methodology of the Human Genome Project

For sequencing, first complete DNA from a cell is isolated.

The DNA is then broken into relatively small sizes and cloned into a suitable host using a specialised vector.
The commonly used hosts were bacteria and yeast and the vectors were termed as BAC (Bacteria Artificial
Chromosome) and YAC (Yeast Artificial Chromosome).

The cloning resulted in amplification of each fragment of DNA.

The fragments were sequenced using automated DNA sequences that worked on the principle developed
by Frederick Sanger.

The sequences were then arranged on the basis of some overlapping regions.

It resulted in the generation of overlapping fragments for sequencing.

The bases in the overlapping segments were identified and assembled in a linear order, using computer
database.

Throughout this process, the DNA fragments of a chromosome were sequenced to recreate its original
nucleotide sequence.

Such a study was conducted on all 23 chromosomes of the human genome to understand the exact genome
structure of humans.

Salient Features of Human Genome

There are 3.1647 billion base pairs in the human genome.

The average gene size is 3,000 base pairs. Dystrophin is the largest human gene having 2.4 million base
pairs.

The human genome contains approximately 30,000 genes.

Approximately 99.9 per cent base pairs are similar in all human beings.

The function of over 50 per cent genes is unknown.

Less than two per cent genes code for proteins.

Chromosome 1 contains 2,968 genes (maximum) while Y chromosome contains 231 genes (minimum).
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Repeated sequences form the largest part of the human genome.
A-T rich regions have poor genes while G—C rich regions have dense genes.

Approximately 1.4 million locations have been identified by scientists in humans, where single base
difference occurs (SNPs). They will help in localising the disease-associated sequences in the chromosomes.

Applications of the Genome Project

The project provides database information of humans. Biotechnology based company may use data to
manufacture protein which are used in the treatment of genetic diseases in humans.

It helps in identifying genetic diseases.

The project will help in knowing the real bases of human life.

By matching genome of human and Drosophila, scientists have found that Drosophila contains remedial
genes for 177 genetic diseases in humans. Thus, remedy is always around us.

The action of harmful genes can be blocked by introducing antisense gene to stop genetic diseases.
Efforts are in progress to determine genes that will cause reversion of cancerous cells to normal.

DNA FINGERPRINTING

DNA fingerprinting is a technique to identify a person based on his/her DNA.

DNA fingerprinting is specific to a person and it cannot be changed by any treatment.

It is also known as genetic fingerprinting or DNA profiling.

DNA fingerprinting is a very quick way to compare the DNA sequences of two living organisms.

Sir Alec Jeffrey (1984) invented the technique of DNA fingerprinting.

99.9 per cent DNA is identical between individuals, but 0.1 per cent that differs can be used to distinguish
one individual from another.

DNA fingerprinting uses a specific type of DNA sequence, known as microsatellite.

Microsatellites are short pieces of DNA, which repeat many times in a given person’s DNA.

In a given area, microsatellites tend to be highly variable that make them ideal for DNA fingerprinting.
By comparing a number of microsatellites in a particular area, a person can be identified easily.

Techmque of DNA Fingerprinting

Isolation of DNA — DNA is obtained from tissues or cells of the body. Only a small amount of tissue like
blood, semen, hair, or skin is needed.

Cutting, Sizing or Storing — DNA is cut into small pieces at specific locations using restriction enzymes.
DNA pieces are sorted according to size by a process called electrophoresis.

In electrophoresis, particles are passed through seaweed agarose gel to determine particle sizes (DNA).
Transfer of DNA to Nylon Sheet — The DNA is transferred to nylon sheet by placing the sheet on the gel
and letting them soak.

Probing — Radioactive or coloured probes are added to the nylon sheet. By doing so, a pattern is produced.
DNA Fingerprinting — This pattern is called a DNA fingerprint.
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Appllcatlon of DNA Fingerprinting

Paternity — The DNA pattern is inherited from both parents and therefore, it can be used for paternity and
maternity. Thus, it determines the biological parenthood.

* Criminal Investigation — DNA fingerprinting can be used to determine whether a suspect was at the
crime scene.

¢ Diagnosis of Inherited Diseases — DNA fingerprinting is an important advancement in diagnosis of inherited
diseases, as early detection will allow the medical staff to provide medical treatment to the patient.

¢ Identification of a Body — This is useful if the body is badly decomposed or if only some body parts are
available, e.g., in the aftermath of a natural disaster or war.

¢ Breeding Programmes — DNA fingerprinting is helpful in guiding breeding programmes for endangered
animals.

¢ Evolution — DNA fingerprinting can solve problems of evolution.

MOLECULAR GENETICS OF CANCER

¢ Cancer may be defined as the uncontrolled growth of the cells (mitosis) that ultimately kills the organism.
¢ Cancer is a combination of many diseases with different types of causes, symptoms and treatments.

* Cancer cells are formed when the DNA is damaged and cannot be repaired.

¢ Cancer can be inherited through inheriting damaged DNA.

* Cancer cells are never in G, state.

* Hippocrates gave cancer its name.

* Hippocrates was the first to differentiate between benign and malignant tumours.

* Cancer is not a disease of the modern civilisation. The earliest recorded history describing cancer is
between 3000 BC and 1500 BC.

e If there is abnormal growth and division of cells, without any controlling limit, it results in the formation
of tumours in the body.

¢ Tumours are of the following two types:

1. Benign Tumour
* Benign tumours are not cancerous.
* They consist of well-differentiated cells.
* Benign tumours can be treated easily
* They do not spread to other parts of the body.

2. Malignant Tumour
* Malignant tumours are cancerous.
* They cause damage to adjacent organs by spreading cancer cells at a high rate.
* The cells of this tumour invade the distant organs and form a new tumour, which has the same
characteristics as the primary tumour.

* They have infinite growth and are characterised by decrease in the cytoplasmic-nuclear volume
ratio.
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Classification

Cancer is grouped, based on its origin and histology, primarily in three major types.
1. Carcinoma
* (Carcinoma is the most prominent type of cancer. It accounts for 85 per cent of all types of cancers.
» Different types of carcinoma develop from epithelial tissues and are ectodermal or endodermal in
origin.
2. Sarcoma
e Sarcoma is the rarest type of cancer. It is mesodermal in origin and mainly made up of connective
tissue.
* Different types of sarcomas are solid tumours growing from a muscle, bone or connective tissue.
* All types of sarcoma account for 1 per cent of all cancers.
3. Leukemia and Lymphoma
* Various types of these cancers comprise 7 per cent of all cancer cases.
* They are grouped together because they develop in the cells of the immune system.
* Types of leukemia develop in the cells of the myeloid system while types of lymphoma develop in
the lymphatic system.
* Hodgkin’s disease is an example of lymphomas.
* Besides the above mentioned, multiple myeloma (originates from plasma cells of the bone marrow)
and mixed types of cancers are also found.

Characteristics of Cancer Cells

Tumour cells display characteristic set of features that distinguish them from normal cells. These traits
allow the individual cell to form a tumour mass and eventually to metastasize to other parts of the body. Some
important characteristics of cancer cells are as follows:
1. Immortalisation — Transformed cells are immortal and can grow at an uncontrollable rate, if nutrition
is available.
2. Angiogenesis — Like any living cell, tumours need blood supply for food and oxygen. Cancer cells
secrete growth factors that cause nearby blood vessels to produce branches that grow into cancerous
tissues.
3. Loss of Contact Inhibition — Normal cells in culture stop growing when the plasma membranes come
in contact with each other. This inhibition of growth after contact is called contact inhibition. However,
transformed cells lack this property and they go on dividing continuously until they kill themselves.
4. Lack of Differentiation — Normally cells differentiate and become capable of specific functions (e.g.,
muscle cells are specialised for contraction but cancer cells are not specialised).
5. Cytoplasmic Inclusions
¢ In transformed cells, microtubules and microfilaments are fewer in number and much thinner in
comparison with normal cells.

* The plasma membrane of cancerous cells contains predominantly GM, types of gangliosides but the
plasma membrane of normal cells contains four types of gangliosides —GMIa, GM,, GM, and GM,.

* There is slow disappearance of a major protein called LETS (Large External Transforming Sensitive
Proteins).

* Mitochondria become swollen and the number of cristae is reduced.
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The mitochondrial matrix becomes nonhomogenous.
Ribosomes and endoplasmic reticulum are abundant.
Generally, transformed cells have reduced Golgi complex.

6. Genetic Changes

The shape and organisation of the nuclei of the cancer cell may be markedly different from the nuclei
of normal cells of the same origin. This change in appearance may be useful in the diagnosis and
staging of tumours.

Some cancer cells have chromosomal mutations, either extra or missing chromosomes or part of
chromosomes.

Cancer cells have extra copies of certain genes, a phenomenon known as gene amplification.
Cancer is also associated with gene mutation.

The DNA of cancer cells is different from normal cells, because they are damaged and cannot be
repaired.

The nuclear membrane exhibits deep invaginations.

The nucleolus becomes irregular and enlarged in size due to polyploidy.

7. Physiological Properties

Cancer cells lack anchorage property.

Transformed cells require less amount of serum for their growth in comparison with normal cells.
In transformed cells, there is increased rate of sugar transport. This increases sugar intake by
malignant cells.

In malignant cells, anodic movement is generally higher, indicating increase in negative surface
charge.

Cancer cells are unable to oxidise NADH in the mitochondria, as they are deficient in glycerol
phosphate dehydrogenase.

Cancer cells exhibit agglutination property with lectin.

Some cancer cells have defective electrical communication.

Tumour cells have high levels of protein survivin that inhibits apoptosis.

Cancer cells often produce enzymes that help them invade neighbouring tissues. These enzymes
digest the barriers to migrate and spread the tumour cells.

The mobility of surface proteins increases in the transformed cells, thus permitting easier agglutination
to tumour cells by lectins.

Plasma membranes of most transformed cells contain antigens which are absent in normal cells.

8. Metastasis

Metastasis is one of the important characteristics of cancer cells, i.e., they have the capacity to invade
other organs. A cancerous tumour may shed cells into blood and lymphatic vessels and are dispersed
to distant sites where they form secondary tumours. Due to this property, it is impossible to remove
them surgically.

Genes and Cancer

Cell division is a normal phenomenon of living organisms, which is dependent on the tightly
controlled sequence of events.

These events are based on the proper levels of transcription and translation of certain genes.

Any shortage of disturbance in these processes results in unregulated growth that may lead to cancer.
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* The genetic basis of cancer was first discovered through the work with retroviruses that were shown
to cause cancer in monkeys, chicken, mice, etc.
* The viral genes identified, could be directly linked to the cause of cancer in experimental animals.

* The identified genes related to these processes are grouped into two categories:

Genes whose Protein Products Stimulate or Enhance the Division and
Viability of Cells.

¢ It also includes genes that cause tumour growth by inhibiting cell death. The normal version of these
genes is called proto-oncogenes and their mutated or otherwise damaged genes are called oncogenes.
Oncogenes lead to cancer.

* Michaeal Bishop and Harold Varmus are pioneers of research on oncogenes and were awarded the Nobel
Prize in 1989.

*  More than 100 oncogenes have been identified and associated with some form of cancer. However, what
activates these genes is not known. External factors, radiation, certain chemicals, etc., may cause activation
of oncogenes and result in some types of cancer.

¢ These genes stimulate cell growth.

¢ Examples:

1.

MYC gene, which can result in lymphomas.

2. RAF genes, which can result in stomach cancer.
3. TRK genes, which can result in thyroid cancer.

Activation of Proto-Oncogenes

¢ The first oncogene was discovered in 1970 and was named Src. It was discovered in chicken retrovirus.
* Proto-oncogenes are activated in the following three ways:
(a) Gene Mutation

Gene mutation can change proto-oncogenes to oncogenes.

Such mutations can occur during normal cell division and can be caused by environmental factors
such as chemicals, ultraviolet rays from the sun, X-rays and sometimes by DNA repair mechanism.
For example, specific mutations in ras genes are frequently found in cells from varieties of
tumours like colon, lung, breast and bladder cancers.

Another example of proto-oncogenes by gene mutation is RET.

(b) Increase in Protein Concentration Leading to Activation of Proto-Oncogenes

An increase in protein concentration may be caused by:
1. Gene duplication

2. An increased protein stability

3. An increase in protein expression

(¢) Translocation or Amplification

Oncogenes can be activated by structural changes called translocation or amplification, which
occurs in chromosomes.

During chromosome translocation, a proto-oncogene on one chromosome may move to another
chromosome, leading to structural alteration of genes.

For example, translocation between chromosome 9 and 22, which is found in Chronic myeloid
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lekumemia (CML), a proto-oncogene on chromosome 9 called c-Abl, is moved to chromosome
22, where it fuses with another gene called Bcr.

* Oncogenes can be activated by transposition to an active chromatin domain. In Burkitt’s lymphoma
(a childhood tumour, common in malarial regions of Central Africa and Pappua New Guinea), a
characteristic translocation is seen between chromosomes 8 and 14. This translocation puts the
MYC oncogene (located on chromosome 8) close to an immunoglobulin gene on chromosome 14.

* Proto-oncogenes are also activated by gene amplification. For example, breast cancer amplify
ERBB2 and sometimes MYC.

Genes whose Protein Products Directly or Indirectly Prevent Cell Division

They are called tumour-suppressor genes.
Tumour-suppressor genes produce products that normally block the cell cycle, which would normally
prevent the cancer.
When this gene mutates, it causes a loss or reduction in its function, leading to cancer.
When mutated, the mutant allele behaves as a recessive, i.e., as long as the cell contains one normal allele,
tumour suppression continues.
Because tumour-suppressor genes are recessive, cells that contain one normal and one mutated gene, i.e.,
heterozygous, still behaves normal (except X-linked tumour suppressor gene WTX).
Tumour-suppressor genes are as follows:
1. RB Gene - Itis located on chromosome 13. If RB gene becomes bad, it may result in the development
of retinoblastoma, bone, breast, lung, prostrate, bladder and other cancers.
2. p53 Gene — p53 is a suppressor gene, located on chromosome 17.
It can arrest replication of cells with damaged

genes until the normal process has taken place. Tumor-Suppressor Gene (s)

Proto-onocogene (s) (Active)
If cells with damaged genes grow and replicate,

they may result in cancer.
pS53 gene suppresses growth of such cells.
If this becomes bad, it may lead to the develop-
ment of leukemia, breast, colon, soft tissues sar- Oncogene (s) Tumor-Suppressor Gene (s)
coma and many other types of cancer. (Inactive)
3. BRCAI1 Gene - It is located on chromosome
17 and if it becomes bad, it may lead to the
development of breast cancer.
4. BRCA2 Gene — It is located on chromosome Cancer
13 and if it becomes bad, it may result in Fi \"“
ig. 54@
the development of breast cancer.
5. APC Gene - Its bad nature is associated with cancer of colon, pancreas and the stomach.

Gene Alterations

The cancerous state results from alteration of several genes, both proto-oncogenes and tumour-suppressor
genes.

Events that cause Cancer

Carcinogens or other cancer-causing agents weaken the cell membrane and due to this weak cell
membrane, a microbe is able to enter a normal cell.
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The microbe, after its entry, intercepts the glucose entering the cells.

The microbe excretes myotoxins. As myotoxins are highly acidic, the inside of the cell becomes highly
acidic, which is a characteristic of cancer cells.

The cell’s mitochondria that convert glucose into energy, receive very little glucose as the microbe
intercepts most of the glucose.

A lot of myotoxins and garbage, become available to the mitochondria that they cannot convert into energy.
The mitochondria play a key role in providing energy to a cell (through the Krebs cycle and electron
transport chain).

To grab more glucose, signals are sent to the insulin receptors on the cell membrane.

As a result, more glucose enters the cells. However, most of the glucose is utilised by the microbes and
myotoxins increase in number.

The cell is now cancerous as its energy levels drop and it is anaerobic.

The microbes disturb the Krebs cycle and ETC as long as they are inside the cell.

Each sick cancer cell contains healthy microbes, so it is not possible to kill microbes without killing the cells.

Carcinogens

A carcinogen is a substance capable of causing cancer or aggravating cancer in humans and animals.
Carcinogens include chemicals, radiations and some viruses.

Sir Percival Potts (1775), a British Physician primarily suggested that the induction of cancer might be
linked to agents in the environments. He suggested that exposure to soot caused high rates of cancer in
chimney workers.

Most carcinogens require promoters for the production of cancer.

Benzopyrene applied on skin does not produce cancer. Croton oil when applied on skin also does not
produce cancer. But when benzopyrene application is followed by croton oil, malignant growth occurs.
Here croton oil acts as promoter.

Many mutagens are carcinogens but some carcinogens are not mutagens.

Alcohol and estrogen are examples of carcinogens that are not mutagens.

The process leading to cancer by carcinogens is called carcinogenesis.

The carcinogenic potency of chemical agents depends on their ability to bind to the DNA.

It can be said that carcinogenesis is due to changes in DNA because carcinogens are mutagens.
Carcinogens are generally electron deficient, Chromosomal Translocation

so that they can bind certain regions of the

DNA through covalent linkages and induce Chemical Carcinogens
malignant growth. Lonising Radiations

Carcinogens do not lead to cancer after every

Oncogenic Virus Spontaneous Mutations
exposure.
Some carcinogens result in cancerous chang- \ /
es following high-level prolonged exposure, Activation of Proto-oncogenes or Deletion of Onco-suppressor Gene

while others may cause damage at lower lev-
els and shorter exposure periods.
However, the genetic make-up of an indi-

vidual may influence the body’s response to . N\ )
a carcinogen. Fig. 55@  Cancer causing sources/agents

Malignant Transformation
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Some potent carcinogens are aflatoxin, vinyl chloride, alkylating agents like acridine dyes and polycyclic
aromatic compounds such as benzopyrene, azodyes, etc.

Besides ultraviolet radiations, sunlight is also capable of inducing malignant tumours.

Viruses that are known to cause cancer such as HPV (cervical cancer), Hepatitis B (liver cancer) and EBV
(a type of lymphoma) are all DNA viruses.

Certain parasites may also induce cancerous growth, such as Schistosoma haematobium which induces
cancer of the urinary bladder.

IMMUNOGENETICS

Immunoglobulins are glycoproteins that function as antibodies.

They are found attached with the cell membrane, secretions or circulating in the blood.
They are produced in response to detection of foreign molecules in the body.

These foreign bodies that trigger the formation of antibodies are called antigens.

Structure of Inmunoglobulin

In 1962, the structure of immunoglobulin molecule was independently proposed by Rodney and Gerald
Edelman, for which they were awarded the Nobel Prize in 1972.
IgG molecule is made up of two heavy chains and two light chains, joined together by disulphide bridges.
In IgG, the heavy (H) chains are composed of 440 amino acids while light (L) chains are made up of 220
amino acids.
Depending on heavy chain make-up, immunoglobulin are of the following five types:

1. IgG having y (gamma) heavy chain.

2. IgM having p (mu) heavy chain.

3. IgA having o (alpha) heavy chain.

4. 1IgD having o (delta) heavy chain.

5. IgE having € (epsilon) heavy chain.
Light chains are either kappa (k) or lambda (1) in all classes.
Each immunoglobulin molecule has either kappa (k) or lambda () chain but not both.
Each light chain is linked to one heavy chain and each heavy chain is associated with a light chain and
with other heavy chains.
Both heavy and light chains contain constant (C) and variable (V) regions.
These are designated as CL and VL for light chains and VH and CH for heavy chains.
The amino acid sequence in the variable regions is highly variable.
Within the V region, certain segments are observed to be more variable than other segments and are
termed as hypervariable regions.
Hypervariable sequences are also called complementary determining regions (CDRs) as they form
antigen-binding site complementary to the topology of the antigen structure.
It is the CH region that determines the class of immunoglobulins.
The V regions determine the antigen specificity of the antibody molecule.
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¢ Papain cleaves the Ig molecule, so that two Fab (fragment antigen binding) fragments and one Fc
(fragment crystallisable) fragment are produced.

* The antigen binding site is located in the Fab.

¢ The Fc portion is not able to bind to the antigen but it contains a complement binding site which is
exposed when interaction between Fab fragment and the antigen occurs.

¢ This binding occurs through noncovalent interactions (Van der Waals force, hydrogen bonds, and
hydrophobic interactions) and triggers conformational changes similar to that observed in enzyme-
substrate interaction.

Immunoglobulin G (IgG)

¢ Immunoglobulin that contains ¥ (gamma) heavy chains are called IgG.

¢ IgG forms 70-80 per cent of the total immunoglobulins in circulation.

* IgG is also known as 7SIg due to its sedimentation coefficient.

* IgG promotes phagocytosis in plasma and activates the complement system.
¢ IgG are the only kind of antibodies that cross the placenta.

Immunoglobulin A (IgA)

¢ Immunoglobulins containing alpha (o) heavy chains are called IgA.

* IgA is basically made up of two light chains (k or 1) and two heavy chains.

¢ IgA is the second largest class of immunoglobulins, which accounts for about 10-15 per cent of the total
immunoglobulins.

¢ They are found mainly in mucosal secretions, tears, colostrums and milk.

* They are the initial defence in mucosa against pathogens.

Immunoglobulin M (IgM)

¢ IgM contains mu () heavy chains.

¢ IgM are also known as macroglobulins or 19S globulins.

* IgM is a polymer of five immunoglobulin molecules, each consisting of two light and two heavy chains.
* IgM antibodies are expanded in the surface of B cells and are formed primarily in the plasma.

* These are the first antibodies produced in significant quantities against an antigen.

¢ Natural antibodies are also IgM in nature.

* Due to multivalent sites, [gM is highly effective as an agglutinating antibody.

¢ [gM antibodies promote phagocytosis and activate complement system.

Immunoglobulin D (IgD)

* IgD contains delta (&) heavy chains.
¢ IgD antibodies are found on the surface of B cells that have not been exposed to antigens.

Immunoglobulin E (IgE)

* IgFE contains eplsion (€) heavy chains.

e IgFE is present in blood in very small amounts.

* Due to its cytophilic properties, it is mostly bound to cells and in circulation, it is present only in trace
quantities.

¢ IgE is a monomer and plays an important role in allergic reactions.

¢ IgE levels increase in worm infections.
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Biological Properties of Different Inmunoglobulins

Table 8
(" S. No. IsG  IgA IgM IgD IgE )
1. Complement fixation + = 4= — —
2. Placental transfer + - - - —
3. Fixation to mast cells - = = = +
4, External secretions = — + _ _
5. Receptor for binding to macrophages + - - - -
6. Natural antibodies = — + _ _
7. Present in colostrums + - - - -
- )

Genetic Basis of Antibodies Diversity

The Ig molecule is a tetramer having two types of polypeptide chains, in which, one is known as light (L)
chain and the other is called heavy (H) chain.

Each chain is coded by a single interrupted gene.

Any type of light chain can associate with any type of heavy chain.

Each protein chain is composed of two main regions, viz., the N-terminal variable or V region and the
C-terminal constant or C region.

There exists considerable variation in sequence from one protein to another in the variable region, while
constant region exhibits considerable homology among the proteins.

The V domain is generated by joining the variable regions of the light and heavy chains.

There are many genes coding for variable regions while there are only few genes coding for constant
regions.

It is to be noted that neither V gene (coding for variable region) nor C gene (coding for constant region)
is expressed independently.

V gene must be joined physically with C gene to form a unit in the form of a light or heavy chain.

Thus, two genes code for a single polypeptide chain.

There are three immunoglobulin gene families:

Table 9
S. No. Gene Chromosome Number (Human) Chromosome number (Mice)
1. k-light chain 2 6
2. L chain 22 16
3. H chain 14 12

1.

The following two theories have been proposed to explain the ability of B cells to produce immunoglobulins:
Somatic Variation Theory

* This theory states that germ line contains a limited number of variation genes, which are diversified
by mutation or recombinational events during embryonic development of the immune system.
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2. Germ Line Theory

¢ This theory states that all the genes are inherited and antibody diversity is a result of mutations and
selection.

* However, neither of these theories gave a reasonable explanation of the structure of immunoglobulins.

* In 1976, Tonegawa and Hozumi reported the first evidence of V and C regions of immunoglobulins
being encoded by different genes and the genes being rearranged in the course of B cell differentiation.

* There are about 200 different variable (V ) region genes in germ line DNA.

* There are 12 diversity (D) region genes and four joining (J) region genes.

¢ Rearrangement of DNA takes place during differentiation of the cell into the B cell.

¢ This rearrangement leads to the formation of a functional VDJ recombinant gene.

¢ As any of the genes may recombine with any others, so this rearrangement has a capacity to produce
200 x 12 x 4 = 9,600 possible combinations.

e Likewise, the 200 different V regions of light chains may recombine with five J regions, generating
200 x 5 = 1,000 possible light chains.

¢ Since the antibody combining site is formed from the variable region of one light chain and one heavy
chain combination, the total possible immunoglobulin combinations is about 9,600 x100 = 10".

¢ In addition, variations in the precise length of V-, D- and J-coding sequences and joints between them
also lead to increase in diversity.

Allelic Exclusion

¢ Like other somatic cells, B cells are diploid and contain both maternal and paternal chromosomes.

¢ Though B cell is diploid, it expresses the rearranged heavy chain genes from only one chromosome and
the rearranged light chain genes from only one chromosome.

e The process by which this is done is known as allelic exclusion.

* This ensures that functional B cells never contain more than one VH-DH-JH and one VL-JL unit.

¢ Itis essential for antigenic specificity of the B cell because the expression of both alleles would make the
B cell multispecific.

V(1, 2...n) D(1-12) J(1-4)

[ [ — 1 — ]
DNA

Rearrangement l

VDJ
V Region J Region
Variable |Recombination
asn | val arg
| mutation
VJ Recombinants asn | val

[ W4

Fig. 56
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* The phenomenon of allelic exclusion suggests that once a VH-DH-JH and VL-JL rearrangement has
occurred, the recombination machinery is turned off leading to the suppression of expression of heavy and
light chain genes on the homologous chromosomes.

PRIONS

* Prions are infectious agents, composed of proteins that cause fatal brain diseases.

¢ Prions lack nucleic acid (DNA or RNA) but are yet infective, i.e., they can multiply.
* A prion is a mutated protein rather than a mutated gene, which means there is a defect in the end product,
and not a defect in the code.

* Prions are 100 to 1,000 times smaller than the smallest organism and as such would be the smallest living
form on the earth.

¢ Prion itself is capable of modifying protein content of the entire organism.

¢ According to recent researches, the instructions of making prion proteins are on a gene that all mammals
have and is mainly active in nerve cells.

¢ Prions are a product of normal human genes, termed as the PrP gene, found on chromosome 20. This
gene contains two exons separated by single introns. The PrP protein is the precursor of the prion protein.

* Prions do not obey the central dogma principle.

¢ Two possible mechanisms have been suggested for their multiplication that violates the central dogma.
The first possibility is of reverse translation that creates a nucleic acid sequence of amino acids in PrP and
the second one is that PrP might be acting as template for its own synthesis.

e They are rod-shaped particles and may consist of one, two or three protein molecules (Pr P).

* The term ‘prion’ was coined by Stanley B Prusiner (1982). He received the Nobel Prize in Medicine/
Physiology, in 1997, for the discovery of prion.

* According to Prusiner, ceratin proteins come in two varieties, viz., cellular form designated as PrPC and
infectious misfold form called PrPSc. The two forms are identical in their amino acid sequences and differ
in their three-dimensional structure.

PrPC

1. The normal protein is called PrPC (for cellular).

2. It is a transmembrane glycoprotein, generally found at the surface of certain cells (e.g., hematopoietic
stem cells).

3. It has its secondary structure dominated by alpha helices.

4. Itis easily soluble and is easily digested by proteases.

5. Itis encoded by a gene (PRNP) located on chromosome 20 (in humans).

PrPSc

1 The abnormal disease-producing gene is called PrPSc (for scrapie).
2. It has the same number of amino acid sequences as a normal protein, i.e., the primary structures are
identical but the secondary structure is dominated by beta conformation.
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3. Itis insoluble in all the strongest solvents and is highly resistant to digestion by proteases.
4. When PrPSc comes in contact with PrPC, it converts PrPSc into more of itself.
5. These molecules bind each other forming aggregations.

* According to the prion model, the disease progresses when a misfold PrPSc molecule comes in contact
with cellular form PrPC . The appearance of misfold molecule (PrPSc) may be either spontaneous or
caused by feeding an animal some food containing meat of diseased animals.

* Prion diseases include scrapie in sheep, mad cow disease (bovine spongiform encephalopathy or
BSE) in cattle, Kuru and Cruetzfeldt—Jakob disease in humans.

* BSE was first recognised in 1986, whereas Kuru had already been identified in 1957. Scrapie is
known for at least 200 years.

* A prion disease, also called transmissible spongiform encephalopathies, is transmissible host to host
in a single species and sometimes even from one species to another. In this disease, the brain tissue is
destroyed, giving it a spongy appearance.

» All prion diseases affect the structure of the brain or the neural tube and are universally fatal.

* Prion diseases may be present as genetic, infectious or sporadic; all of which involve variation of
prion protein.

*  More than 20 mutations of the Prp gene are known to cause inheritable human prion diseases.

* Like other life forms, prions have the ability to evolve through mutations and natural selection.

* Prions have been discovered in fungi. It is theorised that they may play a symbiotic role in the fungi
immune system.

* Prions can be detected with high sensitivity by Protein Misfolding Cyclic Amplification (PMCA)
technology.

* On the whole, the prions are against the basic tenet that all forms of life must contain nucleic acid.

TRANSPOSONS

* Transposons are the segments of DNA that move around different locations in the genome of a single cell.

¢ Transposons are also termed as transposable elements, mobile elements, translocatable elements, insertion
elements and selfish genes or hopping genes.

¢ Transposons are also known as jumping genes as they are segments of DNA that are able to jump from
location to location within a genome.

¢ Transposons have been called selfish DNA as their only function is (or appears so) to make more copies
of themselves and junk DNA because there is no obvious benefit to their host.

* Transposons are long DNA sequences generally 10*to 10*

¢ FEach transposon carries the gene that encodes enzyme transposae, which are required for its own transposition.

¢ Transposons form a large fraction of C value in eukaryotic cells.

¢ The first transposons were discovered in maize by McClintock in 1940 for which she was awarded the
Nobel Prize in 1983. She noticed insertion, deletion and translocation by these transposons.

¢ Transposons produce gene products and are often involved in gene regulation.

¢ Larger transposons carry one or more genes in addition to those necessary for transposition.

¢ Transposons may grow to include more genes.
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In many cases transposons carry a sequence that acts as promoter, altering the regulation of genes at the
site of insertion.

The ability of transposons to increase genetic diversity along with the ability of genomes to inhibit most
transposable elements activity results in a balance that makes transposons an important part of evolution
as well as gene regulation.

In the process of moving from location to location, transposons may cause mutations and increase or
decrease the amount of DNA in the genome.

It has been estimated that 80 per cent of spontaneous mutations are caused by transposons.

Transposon elements are found both in prokaryotes and eukaryotes but are more abundant in eukaryotic
genes

There are three types of transposons:

1. Class II Transposons
Consist only of DNA that moves directly from one location to another.

2. Class III Transposons

* Also known as Miniature Inverted repeats Transposable Elements (MITEs).

* The genomes of rice and C. elegans contain thousands of copies of recurring motif, consisting
of almost identical sequence of about 400 base pairs flanked by characteristic inverted repeats of
about 15 base pairs.

* The genome of rice contains about 1,00,000 MITEs.

* MIETEsS have also been reported in mice, humans and Xenopus.

3. Retrotransposons (Class I)

* Retrotransposons first transcribe DNA into RNA and then use reverse transcriptase to form a
DNA copy of the RNA to insert it in a new location.

* Many retrotransposons have long terminal repeats (LTRs) at their ends. There may be over more
than 1,000 base pairs in each.

e Retrotransposons also generate direct repeats at their new site of insertion.

e HIV-1 and other human retroviruses (HIL-1, the human T-cell leukaemia virus) behave like
retrotransposons.

* The RNA genome of HIV contains one gene for transcriptase and one for integrase. The integrase
serves the same function as the transposases of DNA transposons.

* 42 per cent of the entire human genome consists of retrotransposons.

* Transposable sequences identified both in prokaryotic and eukaryotic organisms have been
grouped into two categories, viz., insertion sequences and longer transposons.

* Insertion sequences (IS) are short and of about 1,000 bases while longer transposons may be
longer than even thousand bases.

Insertion Sequences

Insertion sequences are small compared with other transposable elements.

They only code for proteins involved in transposition activity.

They can insert at different regions of bacterial chromosomes and plasmid by the process of illegitimate
recombination.

The coding region of an insertion sequence is generally flanked by inverted repeats.
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Insertion sequences move by conservative transposition.

The insertion sequences (IS elements) are categorised according to form IS , where n is the number (e.g.,
IS, 1S, IS, IS, IS, etc).

The mutagenic activity of IS elements is due to their insertion in the DNA and subsequent errors in the
process of transcription.

IS elements play a key role in the re-orientation and joining the genetic material.

Prokaryotic Transposons

L

The prokaryotic transposons are composite and noncomposite.

Composite transposons (such as Tn, ) consist of a central element, which contain several genes that
provide resistance to antibiotics. It is mobilised through the activity of a transposase encoded within the
insertion sequences flanking the element.

Certain composite transposons are flanked by two copies IS either in direct or in inverted orientation.
The frequency of transposition of composite transposons declines with increasing distance between IS
sequences.

Complex transposons may be replicated by either conservative or replicative transposition.

Composite transposons can be easily recognised when they carry identifiable gene markers as those
provide antibiotic resistance and produce toxin.

Noncomposite transposons (such as Tn,) lack insertion sequence at their extremities. They have inverted
repeats necessary for transposition.

Eukaryotic Transposons

Eukaryotic transposons were first discovered by Barbara Mc Clintock for maize in the 1940s.

Most transposons found in eukaryotic cells transpose via RNA intermediates including those found in
humans.

Eukaryotic transposons resemble prokaryotic transposons in many features.

Some important eukaryotic transposons are P elements in Drosophila melanogaster, TY elements in yeast,
IAP and VL elements in rodents. The most common form of transposons in humans is the A/U sequence,
which is about 300 bases long.

Significance

Transposons:

L]

Cause mutation and chromosomal break

May be used as genetic markers

Regulate gene expression

Form a large part of constitutive heterochromatin region of the chromosomes that are permanently
condensed and for most part generally inactive in every cell.

Some have been found to cause genetic diseases such as haemophilia, severe combined immune
deficiency, Duchenne muscular dystrophy, etc.

May be used as transformation vectors.

Used for tagging desirable genes.
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APOPTOSIS

* Apoptosis is the programmed cell death, which occurs in the life cycle of all multicellular organisms.
¢ Itis a genetically determined process.
* Apoptosis regulating genes have been found in every
organism.
e It occurs during normal cell turnover, development
and in the immune system.
¢ Itis an active process that requires energy in the form
of ATP.
¢ It may occur when a cell has become mutated and is on
the verge of becoming cancer.
Chief features of apoptosis are as follows:
(a) Cell shrinkage
(b) Blebbing
(c¢) Chromatin condensation
(d) Preservation of organelles and cell membrane
(e) DNA fragmentation
(f) Rapid engulfment by neighbouring cells prevent

Normal Cell

Intact Milochondrium

Nuclear changes
Condensation

Golgi Complex

Apoptotic Bodies with
Intact Membrane

inflammation
* The term ‘apoptosis’ was used by Kerr et al. (1972).
* Apoptosis differs from necrosis in which cellular de- @es»— Apoptotic Body Phagocytosed
bris can damage the organism. o

* Apoptosis involves only single scattered cells. 4 D ~—— Phagocytic Cell
¢ In general, apoptosis is advantageous in the life cycle |
of an organism. For example, differentiation of fingers
and toes in a developing embryo occurs because the
fingers apoptose, resulting in separation of the digits.
¢ Excessive apoptosis may cause atrophy, such as in neurodegenerative diseases, while too less apoptosis
results in uncontrolled cell proliferation in cancer.
* Apoptosis is highly related with caspases, Bcl-2 proteins and granzyme B.

Fig. 57 @ A normal cell undergoing apoptosis

1. Apoptosis Triggered by Mitochondrial (Internal Signals) Pathway
* Bcl-2 protein is present on the outer surface of the mitochondria of a healthy cell that prevents
apoptosis.
* Internal damage to the cell results in the migration of the Bax protein to the surface of the
mitochondrion.
* Here it inhibits the protective effect of Bcl-2 and it also inserts itself in the outer membrane
resulting in the formation of a hole causing release of cytochrome c.

e This cytochrome ‘c’ binds with the protein Apaf-1 (apoptotic protease activating factor-1) result-
ing in the formation of apoptosomes.

* This binding requires energy which is provided by ATP.
* The apoptosomes binds with caspase-9 and activates it.
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Fig. 58 ﬁ Events showing apoptosis

Caspase-9 is cleaved and doing so it activates caspases 3 and 7.
The activation of these caspases results in the digestion of structural proteins in the cytoplasm as
well as degradation of chromosomal DNA and lastly phagocytosis of the cell.

2. Apoptosis Triggered by External Signals

Fas and TNF receptors are integral membrane proteins.
Their receptor domains are exposed to the cell surface.

Binding of FasL and TNF results in the transmission of a signal to the cytoplasm that activates
caspases.

Caspase-8 activates cascade of caspase activation resulting in phagocytosis of the cell.

3. Apoptosis-Inducing Factor (ANF)

Apoptosis-inducing factor is a protein which is generally found in the membrane space of the
mitochondria.

When the cell receives a signal relating to death, the apoptosis-inducing factor is released from
the mitochondria.

It then reaches to nucleus and binds with the DNA

Binding results in the fragmentation of the DNA and ultimately death of the cell.
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Apoptosis and Diseases

Apoptosis is genetically regulated.

Their exists a balance between cell death and cell proliferation and any imbalance between these two results
in abnormal expression of genes resulting in disease states.

Several disease states have been associated with an abnormal expression of genes involved in programmed
cell death such as neurodegenerative diseases (Parkinson’s disease, Huntington’s disease and Alzheimer’s
disease) in which there is an increase in apoptosis.

About half of the known cancers have mutations in one of the key regulators of apoptotic pathway.

It has been suggested that an increase in apoptosis results in excessive depletion of CD4 cells in patients
suffering from AIDS.

Recent researches have revealed that HIV-infected lymphocytes express elevated levels of Fas/Apo-1
receptors on their surfaces.

MOLECULAR BIOLOGY OF AGEING

The collection of changes that lead human beings progressively more likely to die is termed as ageing.
Ageing is a complex multifactorial process, which is influenced both by genes and the environment.
Ageing is a universal phenomenon that occurs in almost all animals.

Ageing can be influenced by our genes and can be regulated.

Old age is a major factor in causing many diseases including cancer, cardiovascular and neurodegenerative
diseases.

The molecular and physiological causes of ageing are not fully known. However, a number of genetic
factors that assist in determining the lifespan of animals have been identified.

Genetics of ageing is the science of heredity for traits related to ageing such as lifespan, age at menopause,
age at the onset of specific diseases later in life (e.g., Alzheimer’s disease, prostrate cancer, etc.).

The genetics of ageing is closely related to the biology of lifespan.

A large number of structural and functional changes occur both at cellular and tissue levels with ageing of
human beings and animals. Some of these important changes are as follows:

(a)
(b)
©
()
()
(@
(h)
()
g

(9]

@

There is a progressive increase in oxidative stress.

Activation of inflammatory mediators.

Decrease in the number of post mitotic cells.

Decrease in the levels of hormones.

Decrease in the levels of certain enzymes and increase in the levels of few enzymes.

Decrease in the permeability of cell membranes.

Accumulation of age pigments.

Decrease in immunocompetence.

There is significant change in Apolipoprotein D gene expression (Apoplipoprotein D gene is
involved in a mechanism that protects cells from ageing).

DNA methylation (leading to deactivation of gene) and histone acetylation (leading to activation of
dormant gene).

Increase in chromosomal abnormalities and somatic mutations.
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(m) Increase in cross linking and tensile strength of collagen.
(n) Increase in common disorders such as cardiovascular disease, cancer, dementia and diabetes.

* According to the genetic theory of ageing, lifespan is mainly determined by the genes we inherit.

¢ This theory suggests that our potential age is determined at the time of conception.

* The number of ageing genes (gerontogenes) remains to be established. However, there are no doubts about
their existence. For example, in humans one of the forms of a gene coding, apolipoprotein E (ApoEe2), is
associated with exceptional longevity and decreased susceptibility to Alzheimer’s disease.

¢ Every human cell (except egg and sperm) contains two sets of 23 chromosomes (one set from the mother
and the other set from the father). However, the relative proportion of aberrant cells with unusual number
of chromosomes increases with age, and the process may cause cancer and other diseases.

¢ All features of an organism are determined by genes. However, external features depend upon a complex
interaction between genes and their environment, which is known as gene-environment interaction. Gene-
environment action is important, as gene action may be different in different conditions. It has been observed
from the effects of diet restriction on mice and other species that gene-environment interactions can modify
lifespan and the rate of ageing to a great extent. The proper understanding of interaction between genes and
restricted diet is very important, as calorie restriction is known to be the most effective way for cultivating
longevity as well as delaying age-related diseases in mammals.

* Different genes can be activated (switched on) or inactivated (switched off) depending on cell differentiation,
which is known as differential gene expression. Gene expression may change overtime, within a given
cell, during development and ageing. Differential gene expression is important for differentiation in early
childhood, but it may persist further and become a key force in the ageing process.

* Some genes are beneficial and enhance longevity. For example, a gene that assists a person in metabolising
cholesterol would reduce the risk of heart disease. However, some genes are harmful, like those that increase
the risk of cancer. Some gene mutations are also inheritable and may shorten lifespan. Mutations may also
occur after birth due to exposure to toxins, free radicals and radiations that may cause gene changes.

* It has been estimated that genes can explain a maximum of 35 per cent of lifespan, while the other larger
percentage can be explained in relation to environmental and hazardous factors.

¢ People with long-lived parents are more likely to live long and identical twins (have exact the same genes)
have a closer lifespan than siblings. Both these lend support to genetic basis of ageing.

¢ It has been reported that Caenorhabditis elegan (a microscopic nematode) with a specific single-gene
mutation lived twice as long as members of the species that lacked this mutation (Kenyon et al. 1993).
This finding was groundbreaking for a number of reasons. First, it challenged the prevailing concept that
ageing occurs as the body deteriorates over time. Second, it led to a shift in thinking even among researchers,
who already believed that ageing was subject to some sort of genetic control. Prior to this point, most
scientists figured that ageing, age-related illnesses, and death were consequences of multiple cellular and
physiological processes and, therefore, under the regulation of a wide and diverse set of genes. However,
this finding suggested that a single gene could dramatically regulate how long an organism lived, thus
opening the door to new hypothesis about modifying lifespan through genetic manipulation.

* The responsible gene is called daf-2. The protein coded for by this gene (designated DAF-2) looked much
like the receptor protein within humans that responds to the hormone insulin. In other words, the worm
protein is simply a primitive form of our own insulin receptors.

¢ The gene daf-2 is now known to regulate a number of factors in addition to ageing (like stress
resistance, metabolism and development). This gene and its hormone signaling protein have been conserved
evolutionarily and they are found in other animals (from fruit flies to mice). In worms and flies, the gene
codes for a receptor protein that is activated by an ‘insulin-like’ growth factor. This signaling pathway is
analogous to the mammalian insulin pathway.
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* Scientists have reported gene p® (a sister gene to the cancer-suppressing gene p** that accelerated ageing
in adult mice, when it was switched off).

¢ Degradation of telomeres (pieces of DNA that cap the ends of chromosomes) is one of the possible causes
of ageing. As cells divide repeatedly, their telomeres become increasingly shorter. Gradually, they become
so short that the cells can no longer divide. Telomeric length is now known as the marker of a given cell’s
age. As they shorten with each division, they cause the chromosome to fold differently, exposing a different
portion of the genome. This is how a person looks different, for example, at 62 years or 2 years of age.

Ageing and the Imnmune System

¢ There are two types of immune cells, viz., B cells which produce antibodies and T cells which regulate
the activities of other white blood cells.

* As we age, the immune functions, particularly that of T cells tends to decline.

* The ratio of various T cells is altered and the decrease in anti-inflammatory cells results in less regulation
of B cells and other white blood cells.

* As aresult, the tendency for self-destruction of one’s tissues, known as autoimmunity, increases.

e Jtis estimated that 10 to 15 per cent healthy older individuals have increased levels of antibodies against
their own tissues.

The Thymus Gland

* The thymus gland is responsible for producing generic stem cells that can be programmed into different
kinds of immune cells.

* The thymus is the most active during childhood and shrinks in size with decreased production of stem
cells with ageing.

e There is now a widely accepted connection between ageing and immune dysfunction.

* Besides, there is also clear evidence of information exchange between the central nervous system and the
immune system.

¢ Ogxidative stress and its subsequent consequences caused by free radicals are the primary causes of ageing.

* DNA damage and reduced DNA repair capability are some critical signs in considering how to live a
longer healthier life.

GENETIC ENGINEERING

Genetic engineering is a highly specialised technique by which a DNA molecule (prokaryotic or eukaryotic)
is broken at two desired places to isolate a specific DNA segment and then insert it in another DNA molecule
at a desired position. The resultant DNA is called ‘recombinant DNA’. Using this technique, isolation and
cloning of a single copy of a gene or a DNA segment into an indefinite number of identical copies has become
possible. This process has become possible because bacteria, phages and plasmids reproduce in their usual
manner even after the insertion of foreign DNA. The inserted DNA also replicates faithfully with the parent
DNA. This technique is called ‘gene cloning’. Another technique for making millions of copies of a DNA
segment of choice has been developed called ‘Polymerase Chain Reaction” (PCR). In PCR, a thermo-stable
DNA polymerase (Taq polymerase) is used. The Taqg polymerase is a DNA polymerase enzyme that is isolated
from the bacterium Thermus aquaticus growing in the hot water springs. This enzyme acts best at 72°C and
is not denatured at 90°C.
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The process of isolation, cloning and transfer of desired gene or genes in the DNA of a desired organ-
ism is called ‘recombinant DNA technology’. Replication or cloning is possible only when the alien gene
becomes part of the chromosome (genome) or extrachromosomal DNA (extragenomic DNA) which has its
own origin of replication or ‘ori’. The ‘ori’ is present in the plasmid. The plasmids are the extra-chromosom-
al, self-replicating circular DNA segment present in the bacterial cytoplasm. Cohen and Boyer (1972) first
produced a recombinant DNA by attaching an ‘antibiotic resistance gene’ with the plasmid of the bacterium
Salmonella typhimurium with the help of restriction endonuclease enzyme. The restriction endonuclease
enzyme cuts the two strands of the DNA double helix at a specific region that has complementary sticky ends.
The cut ends of the DNA double helix are joined together by ligase enzyme. The recombinant DNA is now
transferred into E. coli bacterium where it replicates by using the host nucleotides and DNA polymerase and
forms multiple copies of the DNA. The organism with the recombinant DNA is called ‘transgenic organism’
or ‘Genetically Modified Organism’ (GMO).

Tools of Recombinant Technology

Source of the donor DNA
Restriction enzymes
DNA polymerase enzyme
Ligase enzyme

Vectors

Host cell/Organisms

S e

E. coli can protect itself from the bacteriophage attack with the help of a defence mechanism called
‘restriction-modification system’. The ‘restriction-modification system’ has two functional components, viz.,
(a) restriction enzyme and (b) methylase.

(a) Restriction Enzyme — It is a nuclease enzyme which recognises a specific pallindromic DNA sequence

and degrades it. It is called restriction enzyme because it restricts the multiplication of bacteriophage
(foreign DNA) in the bacterial cell.

(b) Methylase — The methylase enzyme adds methyl groups in the pallindromic region present in the bacterial

DNA. The methylated bacterial DNA is not damaged by the action of the restriction enzyme.

The restriction enzyme is also called restriction endonuclease (REN). The first discovered restriction
endonuclease is Hind II (from the bacterium Haemophilus influenzae by Smith, 1968) and the other is Ban
HI (from the bacterium Bacillus amyloliquefaciens). The restriction endonuclease enzyme is of two types,
viz., (a) exonucleases and (b) endonucleases. The exonucleases cut the DNA/RNA molecules from the ends,
whereas the endonucleases cut the DNA molecule at intercalary positions. The cut made by restriction en-
donucleases at specific places are called recognition sequences. The restriction endonuclease first scans the
DNA, finds out the recognition sequences, attaches itself with it and then cuts both the strands of the DNA
double helix at specific places through the sugar-phosphate backbone in the DNA double helix. The recogni-
tion sequence is always a pallindromic sequence in the DNA double helix. The restriction endonuclease en-
zyme gets attached with the pallindromic sequence and cuts the hydrogen bonds between the two polynucleo-
tide chains of the DNA double helix. Hence, it is also called molecular scissor or chemical scalpel. The cut
ends of the DNA double helix are called staggered ends, sticky ends or cohesive ends. When the DNA from
different sources are cut by the same restriction endonuclease, complementary sticky ends are formed which
can be joined with the DNA ligase enzyme to form a recombinant DNA. The other group of endonuclease
cuts the two strands of the DNA double helix at the same place in such a way that the single-stranded DNA
polynucleotide chain is not formed at the end. The ends of the DNA double helix without single-stranded
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polynucleotide sequence are called ‘blunt ends’. The endonuclease of this class is Sma I (from Serratia
marcescens) and Sca 1.

Seperation and Isolation of DNA Fragments

The DNA is treated with restriction endonuclease to cut into small DNA fragments of different lengths.
These DNA fragments are separated by Gel electrophoresis. Gel electrophoresis is a technique of separating
biomolecules under an electric field by keeping it on ‘agarose’ (a natural polymer extracted from sea weeds
Gracillaria and Gellidium) gel matrix. The DNA fragments are placed at the cathode end in the wells. When
the electric field is activated, the negatively charged DNA fragments move towards the positively charged
anode. The DNA fragments separate (resolve) according to size due to sieving effect of the agarose gel. The
larger DNA fragments move slowly and the smaller fragments quickly towards the anode end. The separated
DNA fragments are stained with ethidium bromide and then exposed to UV radiation; bright orange-coloured
bands of DNA fragments are seen. The separated DNA bands are cut out and extracted from the agarose gel.
This step is called ‘elution’. The purified DNA fragments are used in constructing recombinant DNAs by
attaching them to the cloning vectors.

Cloning Vectors

Cloning vectors are the carriers or vehicles of desired DNA fragments (passenger DNA) which have the ability
of independent DNA replication, to increase the number of desired genes, (e.g., plasmids, bacteriophages).
Plasmids and bacteriophages have the ability to replicate inside the bacterial cells, independent of any bacterial
genomic DNA control. The bacteriophages are present in a very high number in the bacterial cell; therefore,
their genomic copy number in these bacterial cells is very high. The number of plasmid in a bacterial cell is
generally 1 or 2 but it may be 15 or 100 or even higher sometimes. When an alien piece of DNA is combined
with the bacteriophage or plasmid DNA, the alien DNA multiplies its number equal to the copy number of the
bacteriophage or plasmid. Cloning vectors are artificially designed and synthesised in such a way that they
become easily linked with the alien DNA and selection of recombinants from nonrecombinants.

Features in Cloning Vectors

A cloning vector must have the following features:

1. Origin of replication (ori)

2. Selectable markers (for identifying recombinants from nonrecombinants)
3. A single recognition site for cloning

Types of Cloning Vectors

Cloning vectors are of the following four types:
1. Plasmids

2. Viruses

3. Cosmids

4. Artificial chromosomes

* Plasmid vectors for plants are different from others.

* The best-known and commercially available vectors are pBR-322 and pUC-18. Both of these
plasmids are modified natural plasmids of E. coli. The pUC series of plasmid vectors are named so
because they were initially developed in the University of California. The plasmid pUC are derived
from pBR-322. The plasmids are about 2,700 bp (base pair) long.
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Amplification of Gene of Interest using PCR (Polymerase Chain

Reaction)

Mullis (1985) developed the technique of Polymerase Chain Reaction (PCR). PCR is the invitro synthesis
of multiple copies of a gene or desired DNA segment. In PCR, two sets of small, chemically synthesised
oligonucleotide primers, which are complimentary to the DNA part and a thermo-stable DNA polymerase
(Taq polymerase), are required. Tag polymerase is obtained from the hot spring bacterium Thermus aquaticus.
PCR has the following three steps:

1. Denaturation

2. Annealing

3. Extension

1. Denaturation — The target DNA double helix is heated at about 94°C, which causes separation
of the two polynucleotide chains of the DNA double helix. The separated DNA helices act as
templates.

2. Annealing — The pairing or hybridisation of oligonucleotide primers with each of the single-stranded
DNA templates at its 3’ end is called annealing. Annealing is done at low temperatures (at 72°C)
with the addition of Tag polymerase, deoxynucleoside triphosphates and Mg** ions.

3. Extension — The synthesis of new DNA polynucleotide chains, complementary to the template
DNA strands, with the help of Taq polymerase is called extension. This process is repeated and after
every time the amount of DNA is doubled. The amplified DNA segment is ligated with the vector
to form recombinant DNA (rDNA).

Bioreactors

Bioreactors are large cylindrical metal containers, of 100 to 1,000 litres capacity, with a curved base for
better mixing of contents. In bioreactors, the raw materials are biologically converted into specific products,
individual enzymes, etc., using microbial plant, animal and human cells. In bioreactors, the optimum growth
and development conditions (temperature, pH, substrate concentration, salts, vitamins, water content and
oxygen) are provided to obtain the desired product.

Downstream Processing

The process of separation and purification of useful product from the fully grown genetically modified cells is
called downstream processing. The product is formulated with suitable preservatives. The formulation under-
goes clinical trials to know its uses and any immediate or long-term adverse effect like drugs. The formulated
product also undergoes strict quality control testing.

Biotechnology and Its Application

Plants, animals, bacteria and fungi with genetically modified genes or DNA are called genetically modified
organisms.

In Agriculture

Bt Cotton
Some strains of the bacterium Bacillus thuringiensis produce protein crystals during a particular stage of
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their growth, which is toxic to certain insects. This Bt toxin protein is inactive protoxin. The inactive protoxin
is converted into an active form of toxin in the alkaline pH of the cotton bollworm (caterpillar) gut. The
active toxin binds to the surface of midgut epithelium and forms pores, which leads to cell swelling and lysis
and finally death of the insect. From Bacillus thuringiensis two cry genes, crylAc and crylIAb, have been
incorporated in the cotton. This genetically modified cotton plant is named Bt cotton. Bt cotton plants are
resistant to the cotton bollworm due to the presence of two cry genes that produce toxic cry proteins. The cry
gene crylAb has been incorporated into the Bt corn plant to protect it from corn borer.

Pest Resistant Plants

Nematodes are common parasites, which infect a number of plants, animals and human beings. A nematode
Meloidegyne incognitia causes root-knot disease in brinjals, tomatoes and tobacco. The parasitic nematode
drain a lot of nutrients from the host plant, and cracks develop in the roots which lead to secondary infections.
Water and mineral absorption are impaired which leads to great reduction in crop yield. The process of RNA
interference (RNAI) introduced resistance in these plants. RNA interference (RNAI) is a technique of inhibit-
ing the activity of a gene through production of sense and antisense RNAs. The two RNAs produce a double-
stranded RNA (dsRNA) which undergoes fragmentation and forms short segments called short interference
RNA (siRNA). The short interference RNA (siRNA) binds with the mRNA, and forms silencing complex, which
cleaves the mRNA having complementary base sequence and makes the mRNA silent by stopping transla-
tion. The source of this complementary RNA may be an infection by viruses having RNA genome or mobile
genetic elements (transposons) which replicate through an RNA intermediate.

Hirudin

Hirudin is a protein that prevents blood clotting. Natural source of Hirudin protein is cattle leech (Hirudi-
naria). Gene coding for Hirudin protein was artificially synthesised and introduced in the Brassica napus
(Rapeseed) plant. The transgenic Brassica napus (Rapeseed) plant synthesises the Hirudin protein in its cells
and the Hirudin accumulate in the seeds in larger quantities. The Hirudin from the seed is extracted, purified
and used as medicine (as an anticoagulant in surgery and dialysis). The transgenic product Hirudin is of great
interest.

Genetically Engineered Insulin or Humulin

Insulin is a hormone secreted by pancreas. It is essential for maintaining the glucose—glycogen balance
in the human blood. The reduced secretion of insulin leads to an increase in the glucose level in the blood
because the cells fail to take up glucose from the blood. The resultant disease is called diabetes mellitus-type
II. The disease can be treated by regular and small injection dose of insulin. The insulin used for diabetes was
extracted from the pancreas of slaughtered cattle and pigs. This animal source insulin (protein) caused allergy
or some other type of reactions in some diabetic patients.

Structurally the insulin, a protein hormone, is made up of two short polypeptide chains, viz., chain A and
chain B, which are linked by disulphide bonds. In mammals, including human beings, the insulin hormone
is synthesised as a pro-hormone, which is processed to become fully mature and functional hormone after
releasing the extra polypeptide chain called C peptide. The C peptide is not present in the mature insulin. In
1983, a US company Eli Lilly, first prepared the two separate DNA sequences corresponding to polypeptide
chain-A and chain-B of human insulin by recombinant DNA (rDNA) technology and introduced it in the
plasmids of E. coli to synthesise insulin. Chain A and chain B were synthesised separately, extracted and
joined by creating disulphide bond to form human insulin.
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Biopatent

Biopatent is an official right granted by a government to an inventor or agency or an organisation. It is the sole
right for commercial production, marketing and selling a particular biological material for a certain period.
This right prevents the others from commercial use of the invention or product prepared by a patent holder.
Biopatent is done for the commercial exploitation of the following:

(a) Strains of microorganisms

(b) Cell lines

(c) Genetically modified plants and animals

(d) DNA sequences

(e) Protein encoded by DNA sequences

(f) Biotechnological methods

(g) Products and their applications

Biopiracy
Patenting and exploitation of biological resources by other countries, multinational companies and other

organisations without proper authorisation, benefit sharing agreement or compensatory payment to the
countries and people concerned.

GENETICS OF BACTERIOPHAGES

* Bacteriophages are viruses that infect bacteria.

¢ They are also known as bacterial viruses or phages.

* The phages possess dsDNA, ssDNA, dsRNA or ssRNA as genetic material.

¢ Bacteriophages were discovered by F W Twort (1915) and de Herelle (1917).

* The term ‘bacteriophage’ was given by de Herelle.

* Bradley (1967) categorised Bacteriophages on the basis of their morphological structure.

¢ FEach kind of bacteriophage infects a particular species of bacteria.

* Bacteriophages are the most thoroughly and well-understood viruses.

¢ They are the most commonly found organisms in the biosphere and they carry out similar biological
functions as other viruses but they do not target human cells for infection.

* Bacteriophages have proven to be a valuable scientific research tool for a variety of applications such as
models for study of viral infections mechanisms, as tools of biotechnology that introduce new genes into
bacterial cells, etc.

¢ Three common forms of bacteriophages are known; these are tailed, cubic and filamentous.

¢ The tailed bacteriophages form the largest group and have been studied in detail.

Structure of Bacteriophage
* A typical bacteriophage (T,) consists of three distinct parts, viz., head, neck and tail.
1. Head
* Head is polyhedral in shape. In many cases, it is icosahedral.
* Head is covered with a protein covering called capsid.



The McGraw-Hill companies

Neck End Plate

"f‘ Cytology, Genetics and Molecular Genetics

The capsid contains the nucleic acid.

The nucleic acid may be single stranded or double
stranded, linear or circular in most phages. Head
Some phages may have linear RNA with one or more
proteins.

¢6 bacteriophage contains three double-stranded linear
RNA molecules with variable base sequences.

The protein coat protects nucleic acid from nucleases Tail
during phage infection.

In the simplest phages, nucleic acid code for 3-5 gene  Tail Fibre
products while in complex phage it may code for 100
gene products.

Tube

Neck of bacteriophages is very short and has a collar.
Neck connects head with tail.

Tail

Tail is a complex multicomponent structure.

Double-stranded
DNA

Neck

\
N\

Fig. 59 ; A bacteriophage

Tail contains a central hollow core through which nucleic acid passes into the host cell during infection.

Tail is surrounded by a contractile sheath.
The sheath has the ability to contract longitudinally.

The tail end of a bacteriophage is attached to the end plate, which is hexagonal.

The endplate terminates into tail fibres.

The tail fibres are involved in the attachment of the phages to the
bacterial cell.

The process by which the tail attaches to the surface of bacteria is
called adsorption.

Some phages lack endplate and tail fibres.

On the basis of their interaction with the host bacterium, the phages
are divided into two groups, viz., virulent and temperate.

Virulent phages are those that normally lyse (destroy) the attached
host/bacterial cells; there is probably no alternative strategy for their
multiplication. This characteristic growth of virulent bacteriophages
is called ‘lytic cycle’ (e.g., T-even phages).

Temperate phages adopt two alternative modes for their multiplica-
tion: (a) They may enter a lytic cycle and behave like a virulent phage
or (b) they may integrate themselves into the bacterial chromosome,
thus resulting in an iysogenic cycle; in the integrated (Iysogenic)
state the phage is described as a prophage (e.g., lambda phage).

Life Cycle

Bacteriophages exhibit two types of life cycles, viz., lytic cycle and lysogenic cycle.

All the T-series bacteriophages exhibit lytic cycle. These bacteriophages infect
bacteria and after completion of the life cycle, they cause rupture of the bacte-
rial cell. Therefore, life cycle is known as lytic cycle. Lytic cycle involves the
following steps:

Aty

Prophage

o

Viral DNA

&

Bacterial DNA
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Fig. 60 e;' Lytic cycle
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*  When a bacteriophage infects a bacterium, it gets attached with the bacterial cell by its tail.

¢ The tail secretes proteolytic enzymes that make a hole in the bacterial cell.

* The DNA of the head is injected into the bacterial cell.

¢ The protein coat remains outside the cell.

¢ The phage DNA inside the bacterial cell start replicating by utilising precursor substances from the host
cytoplasm to form its own progeny (such a phage is called virulent phage) or becomes integrated into the
host chromosome as prophage and replicate in synchrony with the bacterial chromosome (such a phage is
called nonvirulent or temperate phage).

* FEach copy of the DNA is enclosed by a protein coat, producing a new bacteriophage.

¢ The host cell containing the virulent phage soon bursts, releasing hundreds of new viral particles.

¢ The new viral particles may repeat the same cycle.

* The virulent phage thus destroys the host cell.

¢ The temperate phage does not destroy the bacterial cell.

¢ Rarely, a bacterium containing a temperate phage will lyse liberating many infectious viral progeny.

* As the host cells are potentially subject to lysis, they are called lysogenic.

¢ A virulent phage may remain in quiescent for a long time but may convert into reproductive virulent phage
by some radiation sources (such as ultra violet or X-rays) and disrupt the bacterial cell.

* Virulent phages cannot become prophages. They are always lytic.

¢ Temperate phages can integrate into bacterial chromosome as prophages, allowing the host cells to survive

in the lysogenic state.

* Prophages occasionally exit the bacterial chromosome and enter the lytic cycle.
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Short-Answer Questions

What is genetics?

Answer: Genetics is the study of heredity and variations.

Who coined the term ‘genetics’?

Answer: W Bateson (1905).

What are the applications of genetic studies?

Answer: Genetic studies have many applications in agriculture and medicine. For example, gene therapy
is used to replace a defective gene with a normal gene in treating some diseases. Besides, knowledge
of genetics is also helpful in knowing the mechanism of evolution.

Who first obtained fruitful results on the inheritance of biological traits?

Answer: Gregor Johann Mendel was the first to obtain fruitful results on the inheritance of biological
traits. He is regarded as the ‘Father of Genetics’.

Who is called the ‘Father of Modern Genetics’?

Answer: W Bateson

Who is known as the ‘Father of Experimental Genetics’?

Answer: T H Morgan

Name the scientist associated with the paper, Experiments in Plant Hybridisation.

Answer: Gregor Johann Mendel

On which plant did Mendel work?

Answer: Mendel worked on the garden pea (Pisum sativum) plant.

Name the scientists who rediscovered Mendel’s findings.

Answer: Mendel’s findings were rediscovered in 1900 by three scientists independently, namely, Hugo
de Vries (Netherland), Karl Correns (Germany) and Erich von Tshermak (Austria).

What is the name of the law that states that both phenotypic forms (dominant and recessive) are
expressed in the F, generation?

Answer: Law of segregation

Name the seven pairs of characters selected by Mendel for his experiments.

Answer: (a) Seed shape — Smooth and wrinkled (b)  Seed colour — Yellow and green
(c) Flower colour— Violet, red and green (d)  Pod shape — Inflated and constricted
(e) Pod colour — Green and yellow ) Flower position — Axial and terminal

(g) Stem height — Tall and dwarf
What were the reasons for Mendel’s success?
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Answer: (a) He confined his experiments to one or a few pairs of contrasting traits in each experiment.
(b) He kept accurate quantitative data, which is essential for genetic experiments.
(c) He kept track of each character separately.
(d) The unit factors in pairs for the seven characters were located on different homologous
pairs in the pea plant used by him.
Which law of Mendel is also known as purity of gametes?
Answer: Law of segregation
What are genotypic and phenotypic ratios of monohybrid and dihybrid crosses?
Answer: The genotypic and phenotypic ratios of monohybrid crosses are 1:2:1 and 3:1 and those of
dihybrid cross are 1:2:1:2:4:2:1:2:1 and 9:3:3:1, respectively.
In which type of cross, would the progeny show 64 combinations?
Answer: Trihybrid cross
What is incomplete dominance?
Answer: Incomplete dominance is the expression of traits in an intermediate form of two pure parents.
Define co-dominance.
Answer: When both alleles express themselves together, it is called co-dominance.
What is pure line?
Answer: A population that breeds true for a particular trait is known as pure line.
Who coined the term ‘pure lines’?
Answer: Johannson (1903).
For what purpose are pure lines used?
Answer: Pure lines are used for cross-breeding in order to get the desired improvements in crops.
Who coined the terms F, and F, generations?
Answer: Bateson and Saunders (1905) coined these terms.
Who developed the Punnet square?
Answer: R C Punnet
How many gametes are produced in F, generation of a trihybrid cross?
Answer: Eight
In which condition is the Mendelian dihybrid ratio of 9:3:3:1 obtained?
Answer: Mendelian dihybrid ratio of 9:3:3:1 is obtained only when the alleles at both loci display
dominant and recessive relationship.
In what circumstances does the Mendelian dihybrid ratio of 9:3:3:1 become modified?
Answer: Mendelian dihybrid ratio of 9:3:3:1 becomes modified if one or both gene loci have
incompletely dominant allele or co-dominant alleles or lethal alleles.
Mendel could not recognise linkage in his experiments.
Answer: Because characters selected by him were located on different chromosomes.
Define genotype and phenotype.
Answer: The genetic make-up of an individual is called genotype and the physical appearance of a trait
is called phenotype.
What are contrasting traits?
Answer: The alternative forms of a character are called contrasting traits.
Define alleles.
Answer: The two alternative forms of a gene are called alleles.
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What is gene locus?

Answer: The location of a particular gene, on a given chromosome is known as gene locus.
What is syntenic?

Answer: Genes located on the same chromosomes are called syntenic.

Name the genes in which Mendel’s law of independent assortment is not applicable.
Answer: Linked genes

What is atavism (reversion)?

Answer: Sudden appearance of ancestral character is known as atavism.

Define pleiotropism.

Answer: A gene having multiple effects is known as a pleiotropic gene and this phenomenon is known
as pleiotropism.

Define polygenic traits.

Answer: Polygenic traits are those traits which are dominated by two or more than two genes and the
inheritance of polygenic traits is called quantitative inheritance.

Give two examples of polygenic inheritance.

Answer: Kernel colour in wheat and human skin colour are two important examples of polygenic
inheritance.

Name the gene responsible for albinism in maize.
Answer: Lethal gene

What do the following symbols mean: XX, Xx, xx?
Answer: (a) XX — Homozygous dominant (b) Xx — Heterozygous dominant
(c) xx —Recessive
What is test cross?
Answer: When F| individuals are crossed with a recessive parent, it is called test cross. For monohybrid
cross, the test cross ratio is 1:1 and for dihybrid cross, it is 1:1:1:1.
Name the genes that produce the following ratios:
Answer: (a) 9:7 — Complementary genes (b)  9:3:4 — Supplementary genes
(c) 12:3:1 — Dominant epistasis genes (d) 9:3:4 — Recessive epistasis
(e) 15:1 — Duplicate gene
What is lethal factor?
Answer: The gene that causes the death of the individual carrying it is known as lethal factor.
Give two examples of lethal genes.
Answer: Yellow fur in mice (absolute lethality) and sickle cell anaemia (sublethality).
Define epistasis.
Answer: The phenomenon in which one gene masks the effect of the other gene, which are non-allelic,
is known as epistasis. The gene that masks the effect of the other gene is known as epistatic gene.
Differentiate between dominance and epistasis.
Answer: In dominance, genes are allelic, whereas in epistasis, genes are non-allelic.
What is overdominance?
Answer: In certain cases, the phenotype of F, offspring is more pronounced than either of the parents;
it is termed as overdominance.
What are modifying genes?
Answer: Genes which modify the major phenotype of a gene are called modifying genes.
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47.  What is the nature of lethal genes?
Answer: Lethal genes may be dominant, incompletely dominant or recessive.

48.  In which circumstances, the Mendelian dihybrid ratio of 9:3:3:1 becomes modified to 3:6:3:1:2:1?
Answer: It occurs when the dihybrid parents have dominant and recessive alleles at one gene locus and
co-dominant alleles at second gene locus.

49.  What is hybridisation?

Answer: Crossing of two genetically different individuals is called hybridisation.

Long-Answer Questions

1. Describe Mendel’s law of inheritance with the help of suitable examples.

2. Why did Mendel select the pea plant for his experiment? Mention the characters of the pea plant chosen
by him for his experiment.

3. Distinguish between:

(a) Genotype and phenotype (b) Homozygous and heterozygous

(c) Dominant and recessive (d) Backcross and test cross

(e) Monohybrid cross and dihybrid cross (f) Incomplete dominance and co-dominance
4.  Write short notes on:

(a) Reasons for Mendel’s success (b) Law of independent assortment

(c) Complementary genes (d) Epistasis

(e) Lethal genes (f) Polygenic traits

5. Write an essay on Mendelism.

MULTIPLE ALLELES

Short-Answer Questions

1. Define multiple alleles.
Answer: When a set of more than two alleles, occupying the same locus in the homologous
chromosomes, affects the expression of the phenotypic character, they are called multiple alleles and
the phenomenon is called multiple allelism.

2. In which organism was the first case of multiple allele discovered?
Answer: Drosophila

3. Give two examples of multiple alleles in humans.

Answer: ABO blood groups and Human Leucocyte-associated Antigen (HLA) genes
4. How many alleles control ABO system in humans?

Answer: ABO system in humans is controlled by three alleles.
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5. How many genotypes are possible in ABO blood groups?
Answer: Six
6. Which allele in ABO system does not code for any enzyme?
Answer: O allele
7. Individuals of which blood group have predominantly IgG antibody?
Answer: Blood group O
8. Which blood group is an example of co-dominance?
Answer: AB blood group
9. Ram is of blood group B and his mother is of blood group O. What is the blood group of his father?
Answer: Probable blood group of the father is either B or AB.
Long-Answer Question
1. What are multiple alleles? Describe multiple alleles with the help of ABO blood groups.

LINKAGE

Short-Answer Questions

What is linkage?

Answer: Linkage is the tendency of two or more genes which are located on the same chromosome to
remain together from generation to generation.

Name the two kinds of linkages.

Answer: Complete linkage and incomplete linkage

Define cis arrangement and trans arrangement.

Answer: In cis arrangement, the dominant linked genes are located on one chromosome and their
alleles on its homologue. But in trans arrangement, the dominant and their recessive genes are located
on the same chromosome and their alleles on the homologous chromosome.

What are linked genes?

Answer: Genes located on the same chromosome and are fairly close to each other are called linked
genes.

Who gave the coupling and repulsion hypothesis?

Answer: Bateson and Punnet (1905)

The test cross of offsprings of a dihybrid cross manifests a ratio of 1:1:1:1. State whether the genes are
linked or not linked?

Answer: The genes are not linked.

Corn (Zea mays) has 10 pairs of chromosomes. How many linkages groups are in it?
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Answer: 10 linkage groups

8. Define coupling and repulsion.
Answer: Alleles (dominant or recessive) which come from the same parents have a tendency to enter
the same gamete. This is known as coupling. Likewise, alleles (dominant or recessive) which come
from different parents have a tendency to enter different gametes, known as repulsion.
9. Name the scientists who observed complete linkage in Drosophila.
Answer: T H Morgan (1919).
10.  Why Mendel missed linkage?
Answer: Because the seven pairs of characters of the pea plant selected by him were located on
different (nonhomologous) chromosomes or were far apart on the same chromosome due to which
they were easily separated by crossing over.
11.  Who described incomplete linkage in maize?
Answer: Hutchinson
12.  Differentiate between linkage and independent assortment.
Answer: Linkage occurs in the genes which are located on the same chromosome (linked genes),
whereas independent assortment occurs in genes located on different chromosomes.
13.  Give three differences between linkage and crossing over.
Answer:
Linkage Crossing over
(a) Linkage keeps the genes of a chromosome  Crossing over separates genes of a chromosome
together. forming new combinations.
(b) It keeps parental characters together in Crossing over causes change in the parental
offsprings. characters in offsprings.
(c) The strength of linkage decreases with The frequency of crossing over increases with
increase in distance between the genes. increase in the distance between genes.
(d) Linkage prevents formation of new Crossing over results in the formation of new
species. characters and thus helps in the formation of new
species.
14.  Name the factors that affect the strength of linkage.
Answer: (a) Age (b) Temperature (c) X-rays
Long-Answer Questions
1.  What is linkage? Describe different types of linkage with suitable examples.
2. Write short notes on:

(a) Complete linkage

(b) Coupling and repulsion hypothesis
(c) Linkage groups

(d) Chromosomal theory of linkage
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Short-Answer Questions

1. Define crossing over.
Answer: The process of exchange of segments between homologous chromosomes is known as crossing
over.

2. In which stage of meiosis does crossing over takes place?

Answer: Pachytene
3. Who gave the first cytological proof of genetic crossing over?
Answer: The first cytological proof of genetic crossing over was given by Stern in Drosophila and
Creighton and Mc Clintock in maize (1931).
4. What is the use of genetic map?
Answer: (a) Genetic map helps in determining location, arrangement and linkage of genes on a
chromosome.
(b) It helps in predicting the results of dihybrid and trihybrid crosses.
5. Give one example of an organism in which crossing over does not occur.
Answer: Male Drosophila
6. What is the name given to sites where crossing over takes place?
Answer: Chiasmata
7. What is crossover value?
Answer: The frequency of recombination is termed crossover value.
8. What is interference?
Answer: The phenomenon in which one crossover reduces the chances of crossing over near it is
termed interference.
9. Define single crossing over, double crossing over and multiple crossing over.
Answer: (a) Single crossing over — When crossing over takes place at only one point
(single chiasma)
(b) Double crossing over — When crossing over takes place at two points (two chiasmata)
(c) Multiple crossing over — When crossing over takes place at three or more sites
(multiple chiasmata)
10.  On which factor does the crossover percentage depend?
Answer: Crossover percentage depends on the relative distance between genes on the chromosomes.
Greater the distance, higher is the amount of crossing over.
11.  Name the factors that influence the frequency of crossing over.
Answer: (a) Distance (b) Age (c) Temperature
(d) X-rays (e) Location of genes
12.  Give the maximum frequency of a recombination at two loci.
Answer: 50 per cent
13.  Define coefficient of coincidence.
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Answer: The ratio between observed and expected double crossovers is known as the coefficient of
coincidence.
What is the unit of measurement for genetic linkage?
Answer: Map unit or centiMorgan (cM)
State whether the location of genes near a centromere will enhance or reduce the frequency of crossing
over?
Answer: Location of genes near a centromere reduces the frequency of crossing over.
What is a genetic map?
Answer: A genetic map is a diagrammatic representation of the location and arrangements of genes as
well as the relative distance between linked genes on a chromosome.
What is the significance of crossing over?
Answer: (a) It confirms the linear arrangement of genes in chromosomes.
(b) It produces a new combination of genes.
(c) It causes appearance of new characters.
(d) It causes variation among offsprings of the same parents and among the same species.
(e) The process is applied for improvement of economically important varieties of plants and
animals.

Long-Answer Questions

Define crossing over. Describe the process of crossing over.

What is crossing over? Describe relationship between crossing over and chiasma formation. Add a note
on significance of crossing over.

Write short notes on:

(a) Genetic map (b) Factors affecting crossing over

(c) Three-point test cross (d) Interference and coincidence

(e) Somatic crossing over

SEX DETERMINATION

Short-Answer Questions

Who discovered the role of chromosomes in sex determination?

Answer: Clarence Erwin Mc Clung

Explain sex determination in human beings.

Answer: (a) In human beings, there are 23 pairs of chromosomes.
(b) Of these 23 pairs, 22 pairs are autosomes and the remaining one pair forms sex chromosomes.
(c) The sex chromosomes are X and Y chromosomes that determine the sex.
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(d) Males have one X and one Y chromosome, whereas females have two X chromosomes.
(e) Males are heterogametic and produce two types of sperm in equal ratio (50 per cent X
and 50 per cent Y), whereas females are homogametic and produce only one type of
gamete (X).
(f) If the sperm carrying X chromosome fertilises the ovum, the resulting foetus will be XX
that is female.
(g) Ifthe sperm carrying Y chromosome fertilises the ovum, the resulting foetus will be XY,
which is male.
(h) Thus in human beings, the male is responsible for determination of sex of the child.
What will be the sex of zygotes of Drosophila having the following chromosomal complements:
2A+XXX, 3A+ X, 3A+ XX, 2A+ XY and 2A+XX?
Answer: Superfemale, supermale, intersex, diploid male and diploid female

What is a freemartin?

Answer: In cattle, whenever twins of the opposite sex are born, the male is perfectly normal while the
female becomes sterile. Such a sterile female is called a freemartin and this phenomenon is known as
freemartinism.

Which mammal has 10 sex chromosomes present but no mammalian sex-determining gene SRY?
Answer: Duck-billed platypus

Give examples of animals in which the sex is determined by temperature at which the egg is incubated.
Answer: Alligators, some turtles and tuatara (Sphenodon)

Give examples of animals in which XX-XO type sex determination is seen.

Answer: Bugs, grasshoppers and cockroaches

Which gene codes for the testes-determining factor?

Answer: SRY gene, which is located on the Y chromosome

What is Lyon hypothesis?

Answer: Lyon hypothesis states that one X chromosome in each cell becomes inactivated during early
development. The inactivation is random. This results in genetic mosaics.

What is Barr body?

Answer: Barr body is a darkly staining body present in the nucleus of cells of females. The number of
Barr body is one less than the number of X chromosomes.

What is the number of Barr body in Klinefelter syndrome?
Answer: One

Give some examples of fish that are confirmed to engage in sex changes throughout their life cycle.
Answer: Blue-headed wrasse, blue-banded gobies, Japanese gobies, angelfish, parrotfish, etc.

Give one example in which both sexes are chromosomally same and sex is determined by the temperature
at which embryos are allowed to develop.
Answer: Alligators

Who coined the term ‘dosage compensation’?
Answer: HJ Muller (1932)

How is dosage compensation of genes done?

Answer: The dosage compensation of genes is done either by hypo-production due to inactivation of
one X chromosome in homogametic female (mammals) or by hyperproduction due to hyperactivity of
X chromosome in heterogametic male sex (Drosophila).
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16.  Name the animal in which the male with one sex chromosome (XO) and a pair of chromosomes (XX)
is hermaphrodite.
Answer: C. elegans

Long-Answer Questions

1. Give an account of various mechanisms of sex determination in animals.

2. Describe sex-determining mechanism in:
(a) Humans (b)  Grasshoppers (c) Honeybees

3. Write short notes on:
(a) Genic balance theory (b) Freemartins (¢) Gynandromorphs
(d) Human sex abnormalities (e) Barr body

SEX-LINKED INHERITANCE

Short-Answer Questions

1. Who discovered sex-linked inheritance?
Answer: T H Morgan (1910)
2. What is sex-linked inheritance?

Answer: Genes located on the sex chromosomes are called sex-linked genes and their mode of
inheritance is called sex-linked inheritance.

3. Give two examples of sex-linked diseases.
Answer: Haemophilia and colour-blindness

4. What are hologynic and holandric genes?
Answer: Characters passing directly from the mother to the daughter are known as hologynic, whereas
characters passing directly from the father to the son are called holandric.

5. Give one example of X-linked dominant inheritance.
Answer: Xg blood group

6. Can a son with normal vision have a colour-blind mother?
Answer: No

7. What are digenic genes?
Answer: Digenic genes are located on the X chromosomes and are inherited from male to male
through a female.

8. What are sex-limited genes?
Answer: Those autosomal genes whose phenotypic expressions depend on the presence or absence of
sex hormones are called sex-limited genes (e. g., beard development in men).
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9. Which type of haemophilia is caused by the deficiency of thromboplastin in blood plasma?
Answer: Haemophilia B

10.  What is criss-cross inheritance?
Answer: The inheritance in which a father transmits his sex-linked characters to his grandson through
his daughter is known as criss-cross inheritance.

Long-Answer Questions

1. What is sex-linked inheritance? Explain the phenomenon with suitable examples.
2. What is criss-cross inheritance? Explain the phenomenon of criss-cross inheritance with suitable

examples.
3. Write short notes on:
(a) Colour-blindness (b) Sex-limited genes
(c) Sex-influenced genes (d) Inheritance of Y-linked genes

CHROMOSOMAL ABERRATIONS

Short-Answer Questions

1. What is chromosomal aberration?
Answer: Any abnormality in the structure or number of chromosomes is known as chromosomal
aberration.

2. What are the four structural abnormalities in chromosomes?
Answer: (a) Deletion (b) Duplication (¢) Inversion
(d) Translocation

3. How are duplications recognised genetically?
Answer: Duplications are recognised genetically by
(a) Lack of revertability (b) Pseudodominance (c) Recessive lethality
Cytologically, duplications are recognised by deletion loop.

4. Which is the most common type of translocation?
Answer: Reciprocal translocation
5. Name the structural abnormalities in the chromosome that generate semisterility.
Answer: (a) Deletions (b) Inversions (c) Translocations
6. Name the syndrome which is caused due to deletion arm of short chromosome 5 in humans.
Answer: Cri-du-Chat syndrome (Cat-cry syndrome)
7. How can structural changes in chromosome be identified?
Answer: By chromosome banding and in situ hybridisation (ISH)
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Name the abnormal chromosomes that form a bridge at anaphase.
Answer: Chromosomes having two chromosomes (dicentric)

Which disorder involves 9-22 translocation in a chromosome?

Answer: Chronic mylegenous leukaemia (CML)

What is the medical significance of inversion?

Answer: It results in the increased risk of generating unbalanced gametes.

How does a ring chromosome arise?

Answer: A ring chromosome arises from a break in both arms of a chromosome; the terminal ends are
lost and the two sticky ends reunite to form a ring.

Who first observed translocation?

Answer: Hugo de Vries in the evening primrose (Oenothera)

What is unbalanced translocation?
Answer: Translocation that involves loss of DNA from a cell is known as unbalanced translocation.

What are autopolyploids?
Answer: Polyploids having multiplications of basic set of chromosomes are known as autopolyploids.

What is allopolyploidy?

Answer: The doubling of chromosomes in F, hybrid which is derived from two different species is
known as allopolyploidy.

What is aneuploidy?

Answer: Aneuploidy is the loss or gain of a chromosome in the somatic chromosome.

How does aneuploidy arise?
Answer: Generally, aneuploidy arises due to the failure of paired chromosomes to separate (nondis-
junction) at anaphase.

Give three examples of trisomy in human beings.

Answer: (a) Down syndrome (Trisomy of chromosome 21)
(b) Patau syndrome (Trisomy of chromosome 13)
(c) Edward syndrome (Trisomy of chromosome 18)

Long-Answer Questions

What is chromosomal aberration? Describe structural abnormalities in chromosomes.
Give an account of numerical abnormalities in chromosomes.

Write short notes on:
(a) Allopolyploidy (b) Isochromosomes
(c) Importance of chromosomal aberrations (d) Aneuploidy

Distinguish between:

(a) Paracentric and pericentric inversion (b) Translocation homozygote and heterozygote
(c) Deletion and duplication (d) Monosomy and nullisomy

(e) Diploidy and polyploidy
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Short-Answer Questions

Who coined the term ‘mutation’?

Answer: Hugo de Vries (1891).

What is gene mutation?

Answer: A permanent change in the DNA is known as gene mutation.

What is mutagen?

Answer: Any substance or agent that can cause mutation is called mutagen.

What is reverse mutation?

Answer: The sudden change of mutant phenotype to wild type is called reverse mutation.

What are sex-linked mutations?

Answer: Those mutations which occur in sex chromosomes (X, Y) are called sex-linked mutations
(e.g., sex-linked diseases like haemophilia and colour-blindness).

What is tautomerism?

Answer: When a molecule exists in more than one chemical form, it is called tautomeric and the
phenomenon is called tautomerism.

Give a classical example of germinal mutation.

Answer: The occurrence of ancon breed of ship (short-legged variety); it was first discovered by Seth
Wright.

What is transversion?

Answer: Transversion is the replacement of a purine base by pyrimidine base or vice versa.

What are base analogues?

Answer: Base analogues are chemicals having molecular structure similar to nitrogenous bases of
DNA.

Name the radiations that cause mutations by creating positive and negative ions.

Answer: lonising radiations

Name the radiations that cause the distortion of DNA helix due to dimerisation.

Answer: Ultraviolet (UV) rays

How can sex-linked mutations be detected in Drosophila?

Answer: By CIB method or Muller-5 method

Which test is performed to detect mutations in bacteria?

Answer: Fluctuation test

How do X-rays bring about mutation?

Answer: X-rays bring about mutation by breaking the phosphate ester linkages in DNA.

Who developed Ames test?

Answer: Bruce Ames

What is silent mutation?

Answer: When there is change in codon but not in amino acid, it is called silent mutation.
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17. How do spontaneous mutations occur?
Answer: Spontaneous mutations occur due to errors in:
(a) DNA replication
(b) DNA repair
(c) DNA recombination
18.  Give one example of intercalating agent.
Answer: Ethidium bromide
19.  Name one method to determine how mutagenic an agent is?
Answer: Ames test
20.  Who discovered that X-rays cause mutations in Drosophila?
Answer: H J Muller (1920)
Long-Answer Questions
1. What is gene mutation? Explain the molecular mechanism of gene mutation.
2. What are mutagens? Describe how mutagens cause mutations.
3. Write short notes on:

(a) Mutagens (b) Transition
(c) Transversion (d) Frameshift mutation
(e) Silent mutation (f) Role of mutation in evolution

(g) Ames test

MODERN CONCEPT OF GENE

Short-Answer Questions

Who coined the term ‘gene’?

Answer: Johannson (1909)

Who proposed fine structure of gene?

Answer: Benzer

Who gave one-gene—one-enzyme hypothesis?

Answer: Beadle and Tatum (1940)

What is nested gene?

Answer: A gene that produces two proteins simultaneously from a long transcript by changing the end
point of protein synthesis is known as nested gene.

What are pseudogenes?

Answer: The genes that have lost their ability to perform a function due to mutation are called
pseudogenes.
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6. Define overlapping genes.
Answer: The genes that can be read or translated in two different ways to produce different proteins
are termed as overlapping genes.
7. What causes a gene to change its wild form?
Answer: Mutation
8. How may genes in a particular chromosome shift to their homologous pair?
Answer: By crossing over
9. What is the unit of recombination and mutation?
Answer: Recon and muton
10.  Give one example which exhibits that one gene controls the synthesis of one polypeptide chain.
Answer: Sickle cell anaemia, which is produced by a single change in any of the two [3-polypeptide
chains
11.  How do genes direct the synthesis of proteins?
Answer: Transcription Translation
Genes (DNA) mRNA Protein
12.  What are jumping genes?
Answer: There are certain genes which move from one location to another on a chromosome and are
known as jumping genes.
13. What is multigene family?
Answer: A multigene family is a group of more or less similar genes of the same organism that encode
proteins of the same sequence, formed by duplication of a single original gene.
14.  What are housekeeping genes?
Answer: Housekeeping genes are those genes that are required for the maintenance of basic cellular
function and are present in all cells of an organism.
15. What is a split gene?
Answer: A strand of DNA containing exons and introns is known as split gene.
16.  Who discovered split gene?
Answer: Roberts and Sharp (1977)
17.  Write two differences between eukaryotic and prokaryotic genes.
Answer: (a) Eukaryotic genes contain introns which are lacking in prokaryotic genes.
(b) 3S box factor sequence is absent in eukaryotic genes but is present in prokaryotic genes.
Long-Answer Questions
1. Give an account of modern concept of gene.
2. Write short notes on:

(a) Split gene

(b) Overlapping genes

(c) Homeotic genes

(d) One-gene—one-polypeptide concept
(e) Cistron
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Short-Answer Questions

1. What is the use of studying human genetics?
Answer: The study of human genetics is very important as it helps:
(a) In understanding the nature of humans
(b) In understanding the diseases
(c) In developing effective treatments

2. Human karyotype contains how many groups?
Answer: Seven

3. Who gave the correct number (46) of chromosomes in humans?
Answer: Tijio and Levan (1956)

4. How can human chromosomes be identified?

Answer: Human chromosomes can be identified on the basis of morphological differences and by the
banding pattern.

5. What is a chromosome band?
Answer: The segment of chromosomes having characteristic lighter and darker appearance as a result
of staining is termed as band.
6. Name the telocentric chromosomes in humans.
Answer: In humans, there is no telocentric chromosome.
7. Name the chemical that stimulates white blood cells or lymphocytes to undergo mitosis.
Answer: Phytohaemmagglutinin (PHA) which is extracted from red kidney bean.
8. Name the longest and smallest chromosomes of humans.
Answer: The largest pair is chromosome 1 and the smallest pair is chromosome number 22.
9. Give the accepted designation of long arm and short arm of the chromosome.
Answer: Long arm — q and short arm — p
10.  Which banding is useful in staining centromeres?
Answer: C banding
11.  What is the use of R banding?
Answer: R banding is used to detect:
(a) Minor deletions (b) Inversions (c) Chromosome polymorphisms
12.  Give the use of fluorescent in situ hybridisation (FISH).
Answer: Fluorescent in situ hybridisation can be used to study:
(a) Deletions (b) Insertions (c) Translocations
13.  Name the human chromosome pairs with which Nucleolar Organising Regions (NORs) are associated.
Answer: Chromosome pairs 13, 14, 15, 21 and 22
14.  How are chromosome bands classified?
Answer: Chromosome bands are classified according to their relative location on the short arm (p)

or long arm (q) of specific chromosomes (e.g., 12q1 means band 1 of the long arm of chromosome
12).
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Name a substance that inhibits DNA synthesis but does not interfere with other cell functions.
Answer: Amethopterin

Which banding visualises telomere?

Answer: T banding

Is NOR banding similar to all persons?

Answer: No, it varies from person to person.

Name the abnormality that results from partial deletion of short arm of chromosome 4 in humans.
Answer: Wolf-Hirschhorn syndrome

In a normal karyotype, how can aneuploidy be detected?

Answer: By the presence of an extra chromosome or a missing chromosome

What is the name of the event that causes an increase or decrease in the number of chromosomes in an
individual pair of chromosomes?

Answer: Nondisjunction

Name one dominant X-linked trait in humans.

Answer: Defective tooth enamel

In which arm of Y chromosome are the genes for maleness located?
Answer: Short arm

Why dominant X-linked traits are more frequent in females than males?
Answer: Because of the presence of two X chromosomes in females and only one X chromosome in
males

What is Barr body?
Answer: Barr body is an inactivated X chromosome.

What is the chromosomal complement of Klinefelter syndrome?
Answer: 44+XXY

Name the syndrome which is due to monosomy of X chromosome.
Answer: Turner syndrome (44+XO)

Name the syndrome which is associated with the disorder of connective tissue.
Answer: Marfan syndrome

Name the syndrome which is the most common form of mental retardation.
Answer: Fragile X syndrome
Who described the first human trait and what is its name?
Answer: Farabee (1905), brachydactly
Name three autosomal recessive diseases in humans.
Answer: (a) Albinism (b) Phenylketonuria (c) Cystic fibrosis
Name one genetic disorder in humans which is determined by dominant allele.
Answer: Achondroplasia
Name the most commonly occuring type of chromosome abnormality in humans.
Answer: Aneuploidy
Name five diseases associated with interstitial chromosomes deletions.
Answer: (a) Di George’s syndrome del (22) (pter-q11)

(b) Duchenne’s muscular dystrophy del (X) (p-21)

(c) Prader—Willi syndrome del (15) (q11-13)
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(d) Retinoblastoma del (13) (q14)

(e) Wilms’ tumour del (11) (p13)
Is tongue rolling a dominant or recessive trait?
Answer: Dominant
Name the syndrome which is characterised by the overproduction and accumulation of uric acid.
Answer: Lesch—Nyhan syndrome
If both parents belong to blood group O, what is the chance of blood group O in their children?
Answer: 100 per cent
How is diagnosis of chromosome aneuploidy of an unborn child done?
Answer: By a combination of amniocentesis, cell culture and karyotyping
Define pedigree analysis. Give various symbols used in pedigree analysis.
Answer: The method of studying inheritance of characters by acknowledging the ancestral history of
an individual is known as pedigree analysis. The various symbols used in pedigree analysis are shown
below:

Male (®  Number of children
of sex indicated
Female
@ Affected individuals
Mating
') Heterozygotes for

Parents and autosomal recessive

children: _ _
1 boy; 1 girl Carrler' of sex-linked
(In order of birth) recessive

Death

Abortion or still birth
(Sex unspecified)

N O B =

Dizygotic
(Non-identical twins
. Propositus

4

I ;'7_. Method of identifying
|2 persons in a pedigree:
Monozygotic ”5 é Here the propositus is

(Identical twins) [ | child 2 in generation
122 3 jori2

P o6 b

" Consanguineous
Sex unspecified (=0 marriage

<&

A child has blood group O and his father belongs to blood group A and mother to blood group B. What
are the possible genotypes of the mother and the father of the child?
Answer: Father — IAT°

Mother — IBI°
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Long-Answer Questions

1. Describe autosomal and sex abnormalities in humans.
2. Give an account of genetic diseases in humans.

3. Write short notes on:
(a) Erythroblastosis foetalis (b) Sickle cell anaemia (c) Human karyotype
(d) Blood groups (e) Muscular dystrophy (f) Pedigree analysis

CYTOPLASMIC INHERITANCE

Short-Answer Questions

1. Differentiate between, nuclear inheritqance and cytoplasmic inheritance (extranuclear inheritance).
Answer:
Nuclear inheritance Cytoplasmic inheritance

(a) The unit of hereditary character is the gene.  The unit of hereditary character is plasma gene.

(b) Results of reciprocal crosses do not differ. Results of reciprocal crosses differ.

(c) Nuclear inheritance is of Mendalian Cytoplasmic inheritance is of non-Mendelian
behaviour. behaviour.

(d) The offspring receives cytoplasm from The offspring receives cytoplasm only from the
both gametes and thus from both parents. female gametes. Hence, plasma genes of only the

mother are contributed to the offspring.

2. What is plasmon?
Answer: The sum total of plasma genes is called plasmon. The term ‘plasmon’ was given by Wettstein
(1924).

3. Give an example of uniparental inheritance.
Answer: Shell coiling in snails

Long-Answer Questions

1.  What is cytoplasmic inheritance? Explain with suitable examples.

2. Write short notes on:
(a) Kappa particles (b)  Shell coiling in snails
(c) Plastid inheritance in Mirabilis jalapa
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NUCLEIC ACIDS

10.

Short-Answer Questions

Who discovered nucleic acid?

Answer: Friedrich Meischer (1869) first discovered nucleic acid in a pus cell in the discarded surgical
bandages and he called it nuclein.

What allows an organism to transfer genetic information from one generation to another?

Answer: Nucleic acid

What are the components of nucleic acids?

Answer:
Sugar Phosphate Bases
Purine Pyrimidine
DNA Deoxyribose Present Adenine Cytosine
Guanine Thymine
RNA Ribose Present Adenine Cytosine
Guanine Uracil

What is the name of monomer subunits that form nucleic acids?

Answer: Nucleotides

Which type of sugar is found in DNA?

Answer: Pentose and deoxyribose type

What is nucleoside and nucleotide?

Answer: Nucleoside is a combination of sugar and nitrogenous base, whereas nucleotide is a combination
of sugar, nitrogenous base and phosphoric acid.

Which scientists first gave the experimental proof that DNA is genetic material?

Answer: Avery Mac Leod and Mc Carty

Write one basic difference between pyrimidine and purine.

Answer: Pyrimidine (cytosine and thymine) is a single-ring structure, whereas purine (adenine and
guanine) is a double-ring structure.

Write four differences between DNA and RNA.

Answer:

DNA RNA
(a) DNA is a double helical structure RNA is a single helical structure
(b)  In DNA, sugar is deoxyribose type In RNA, sugar is of ribose type

(c)  In DNA, nitrogenous bases are of four  In RNA also nitrogenous bases are of four types
types: adenine, guanine, cytosine and  but uracil is present in place of thymine
thymine

(d)  Generally, DNA is the genetic material ~Generally, RNA is not the genetic material

Which form of DNA was proposed by Watson and Crick?
Answer: B form of DNA
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11.  Give the base pairs per turn of the helix in the following forms of DNA: A-DNA, B-DNA, D-DNA and
Z-DNA
Answer: Base pairs per turn of the helix:

A-DNA B-DNA D-DNA Z-DNA
11 10 8 12

12.  Name the form of DNA having left-handed helical form with a zigzag phosphate backbone in

antiparallel organisation.
Answer: Z form (Z-DNA)

13.  In which bacteriophage is the DNA single stranded and remains coiled?
Answer: ¢X174

14.  State whether phosphate makes nucleotide positively or negatively charged?
Answer: Negatively charged

15.  If the percentage of guanine is 23.5 in a double-stranded DNA, what is the percentage of other three
nitrogenous bases in the DNA?

Answer: The amount of guanine is equal to cytosine, so the percentage of cytosine is also 23.5.
The other two bases, adenine and thymine, are present in an equal amount and in combination they
represent the rest of the bases (100 — 47 = 53). Thus, A=T = 53/2 =26.5%.

16.  Give an example where RNA is the genetic material.

Answer: Tobacco Mosaic Virus (TMV)

17.  What are guide RNAs (gRNAs)?

Answer: gRNAs are RNA genes that function in RNA editing.

18.  Name the RNA which is used for the formation of spliceosome.
Answer: Small nuclear RNA (SnRNA)

19.  Itis a bit difficult to break cytosine—guanine pairing in comparison to adenine—thymine pairing.
Answer: Because adenine—thymine base pair is held together by two hydrogen bonds, whereas
cytosine—guanine pairing is held by three hydrogen bonds. Thus, cytosine—guanine pairing requires
more energy in comparison to adenine—thymine pairing.

20.  What is RNA world theory?

Answer: RNA world theory states that primitive RNA molecules evolved before protein and DNA.

21.  Name the longest RNA.

Answer: mRNA
Long-Answer Questions

1. Describe the structure and function of DNA.

2. Describe different types of RNA and mention their roles in protein synthesis.

3. Differentiate between:

(a) DNA and RNA (b) B-DNA and Z-DNA
(¢) Nucleoside and nucleotide (d) mRNA and tRNA
(e) Palindromic DNA and B-DNA
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REPLICATION OF DNA

10.

11.

12.

13.

14.

15.

Short-Answer Questions

Which type of replication occurs in DNA?
Answer: Semiconservative

Who proved that replication of DNA is semiconservative?
Answer: Meselson and Stahl (1958)

Name the first event that occurs during replication of DNA.
Answer: Unwinding of parental strand

During which phase of interphase does synthesis of DNA occur?
Answer: S (synthetic) phase

Give one example of unidirectional DNA replication.
Answer: Replication of mitochondrial DNA

In which direction does synthesis of DNA occur on the DNA strand?
Answer: 5'——3' direction

In Meseleson and Stahl experiment, what percentage of DNA was composed of light and heavy chains
after one generation?
Answer: 100 per cent

What are leading and lagging strands?

Answer: The strand of DNA in which synthesis occurs continuously and synthesises on 3'——5'
strand of parental DNA is termed as leading strand, whereas the strand of DNA in which synthesis
occurs discontinuously and synthesises on 5'—— 3’ strand of parental DNA is called lagging strand.
Which strand of DNA, i.e., leading or lagging strand needs DNA ligase for its synthesis?

Answer: DNA ligase is needed by lagging strand to join Okazaki fragments.

What is DNA ligase?

Answer: DNA ligase is an enzyme which joins the ends of two DNA chains by catalysing the synthesis
of the phosphor diester bond between 3'-OH at the end of one chain, and 5’ end of the other.

What is replication fork?

Answer: During DNA replication, the two strands uncoil at a point forming a Y-shaped structure,
which is termed as replication fork.

What are Okazaki fragments?

Answer: DNA is synthesised in a series of small fragments (1,000-2,000 nucleotides) called Okazaki
fragments. It was discovered by Reiji Okazaki in 1968.

What are replicons?

Answer: Replicons are the replicating regions of DNA.

Name the DNA virus that does not replicate in the cell nucleus using the host enzyme.

Answer: Parvovirus

Why is the rate of DNA replication in eukaryotic chromosomes much slower?

Answer: Due to the complex nature of chromatin
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16.  What are basic enzymes involved in DNA replication called?
Answer: DNA polymerases
17.  RNA primer is considered essential by DNA polymerase during the synthesis of DNA?
Answer: Because DNA polymerase needs a free 3'-OH group
18.  Which enzyme is responsible for removal of RNA primer?
Answer: The RNA primer is removed by DNA polymerase I.
19.  What is the function of RNA primase?
Answer: RNA primase synthesises short RNA sequences on the DNA strand that serve as primer for
DNA polymerase II1.
20.  Discovery of Okazaki fragments is the indication of which fact?
Answer: The mode of replication in DNA is discontinuous.
21.  Who discovered DNA polymerase?
Answer: DNA polymerase I (DNA pol I) was discovered by Arthur Kornberg (1955) in E. coli.
22.  What is the function of DNA polymerase 1?7
Answer: DNA polymerase I polymerises reaction in 5'——3’ direction. Besides, it also has proof-
reading activity.
23.  What is the function of DNA polymerase I1I?
Answer: DNA polymerase enzyme is responsible for DNA replication and synthesises DNA in
5'—3' direction.
24.  Can DNA polymerases initiate the chain de novo?
Answer: No
25.  What is the function of the enzyme helicase?
Answer: It provides unwinding of DNA through hydrolysis of ATP.
26.  Which type of replication occurs in eukaryotic DNA?
Answer: Semiconservative and bidirectional
27.  How many types of DNA polymerases are found in eukaryotes?
Answer: Five types DNA polymerases are found in eukaryotes:
(a) DNA polymerase o (alpha) (b) DNA polymerase [3 (beta)
(c) DNA polymerase y (gamma) (d) DNA polymerase 6 (delta)
(e) DNA polymerase ¢ (epsilon)
28.  In which direction, mRNA is synthesised from DNA?
Answer: 5'—3'

Long-Answer Questions

1. Describe the experimental evidence in support of semiconservative mode of DNA replication.

Give an account of DNA replication in E. coli. How does it differ from DNA replication in eukaryotes?
3. Write short notes on:

(a) Meselson and Stahl experiment (b) Okazaki fragments

(c) DNA polymerases (d) Unwinding proteins

(e) Unidirectional DNA replication
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PROTEIN SYNTHESIS

10.

11.

12.

Short-Answer Questions

What are the two main steps of protein synthesis?
Answer: 1. Transcription
2. Translation

What is central dogma and who proposed it?
Answer: Central dogma in molecular biology states that the flow of biological information is
unidirectional. Crick (1958) proposed the central dogma.
Transcription Translation
DNA RNA Protein
Who discovered reverse transcriptase?
Answer: Temin and Baltimore (1970) independently discovered reverse transcriptase in the RNA
containing Rous sarcoma virus and they were awarded the Nobel Prize in 1975 for this discovery.

What is transcription?
Answer: Synthesis of mRNA on DNA strand is known as transcription.

What is the name of the specific area on DNA where RNA polymerase binds?
Answer: Promoter

What is the difference between the first product of transcription in prokaryotes and eukaryotes?
Answer: In prokaryotes, the first product of transcription is the mRNA, which needs no post-
transcriptional modifications. However, the first transcriptional product in eukaryotes is called primary
transcript, which needs post-transcriptional modifications to form hnRNA that undergoes splicing of
introns, to form the final product called mRNA.

What is translation?
Answer: Translation is the process during which ribosomes synthesise proteins using mature mRNA
transcript, synthesised during the process of transcription.

In eukaryotes, where does synthesis of mRNA molecules occur and where do they migrate?

Answer: Ineukaryotes, nRNA molecules are synthesised in the nucleus and after synthesis they come
to cytoplasm through nuclear pores, where they become associated with ribosomes.

If there are 21 nucleotides in the coding region of DNA, how many amino acids will be in the polypeptide
chain which is synthesised?

Answer: Seven

An mRNA molecule codifies only one polypeptide chain in eukaryotes. Why.

Answer: Ineukaryotes, mRNA is monocistronic, so it codifies only one polypeptide chain, whereas in
prokaryotes mRNA is polycistronic and it may codify more than one polypeptide chain.

During translocation, ribosomes move along mRNA. Why?

Answer: The ribosomes move along mRNA to expose new codons to be translated. This movement is
known as ribosomal translocation.

Name the cellular structure to which mRNA binds, to start the process of translation.

Answer: Ribosomes
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Name the structure responsible for positioning and exposing codons of mRNA.
Answer: Ribosomes

In prokaryotes, transcription and translation can occur simultaneously but it is not possible in eukaryotes.
Why?
Answer: In eukaryotes, synthesis of mRNA occurs in the nucleus, whereas proteins are synthesised in
the cytoplasm.
What is the function of initiation factors—IF1, IF2 and IF3?
Answer: IF1 and IF2 are involved in binding of F-Met-tRNA complex to 30S ribosome mRNA,
whereas IF2 is involved in recognition of correct codon of mRNA by formyl methionine tRNA. IF3 is
essential for binding of m-RNA to 30S sub-unit of ribosome. It also prevents reassociation of dissoci-
ated 30S and 50S sub-units of ribosomes.
Name the enzymes involved in the following reactions:
Answer: (a) Attachment of activated amino acid to tRNA — Amino acyl tRNA synthetase

(b) Synthesis of rRNA, mRNA and tRNA — RNA polymerase I, II and III

(c) Peptide bond formation — Peptidyl transferase

(d) Movement of ribosomes along mRNA (translocation) — Translocase

Differentiate between replication and transcription.

Answer:
Replication Transcription
(a) Replication occurs in the S phase. Transcription occurs during the G, or G, phase.
(b) Itis catalysed by the enzyme DNA It is catalysed by the enzyme RNA polymerases.
polymerases.
(c) It occurs on both strands. Transcription occurs on only one strand.
(d) Replication involves copying of the It involves copying of a few genes.
entire genome.
(e) Its product remains in the nucleus Major part of the products pass into the cytoplasm.

Name three inhibitors of protein synthesis.

Answer: Streptomycin, tetracycline and abrin

What is the function of the enzyme tRNA deacylase?

Answer: It helps in the separation of methionine and tRNA after the formation of peptide bond.
Enzyme peptidyl transferase is present in which ribosomal subunit: 30S or 50S?

Answer: 508 ribosomal subunit

Write three differences between prokaryotic and eukaryotic translation process.

Answer:

Prokaryotes Eukaryotes
(a) The initiating amino acid methionine The initiating amino acid methionine is not is
is formylated. is formylated.
(b) Ribosomes enter the mRNA at AUG Ribosomes enter at the capped 5" end of the
codon or near Shine Delagarmo site. mRNA and then move to AUG codon
(c) The smaller 30S ribosomal sub-unit The smaller 40S ribosomal sub-unit binds
can engage mRNA before binding of firmly to mRNA only after initiating Met-tRNA ™

F-Met tRNA™, initiator attached to it.
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22. A polypeptide found in the cytoplasm of a cell contains 15 amino acids. How many nucleotides will
be required in the mRNA for this polypeptide to be translated?
Answer: 45
23.  Which parts of RNA are not translated?
Answer: In case of polycistronic message, the sequences between the two coding regions are called
intercistronic region which do not code for protein.
24.  What are enhancers?
Answer: Enhancers are sequences which greatly enhance the transcription of a gene. They were first
discovered in a mammalian virus, SV40.
25.  How do enhancers differ from promoters?
Answer: (a) The position of enhancers is not fixed.
(b) They can function in either orientation.
(c) The modules of enhancers are continuous rather than spaced apart.
26. How many high-energy phosphate bonds are required for the formation of one peptide bond?
Answer: Four high-energy phosphate bonds; two for initial activation, one for EF-1 step and one for
EF-2 step
Long-Answer Questions
1. Give an account of protein synthesis.
2. Write short notes on:

(a) Central dogma (b) Steps involved in the activation of amino acids
(c) Initiation complex (d) Elongation factors
(e) RNA polymerase (f) Peptidyl transferase

GENETIC CODE

Short-Answer Questions

Who coined the term ‘genetic code’?
Answer: George Gamow

What is the name of RNA sequence that codifies one amino acid?
Answer: Codon, which is a sequence of three nitrogenous bases

What are the characteristics of genetic code?

Answer: (a) Genetic code is triplet. (b)  Genetic code is commaless.
(c) Genetic code is non-overlapping. (d) Genetic code is universal.
(e) Genetic code is degenerate.
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4. Who first deciphered the genetic code using trinucleotide synthesis?
Answer: Marshall Nirenberg

5. Which is the first codon deciphered by Nirenberg and Mathaei?

Answer: UUU

6. Name the amino acids that are coded by only one codon.
Answer: Methionine and tryptophan

7. Name the amino acids having six different codons.
Answer: Leucine, serine and arginine

8. Name the codons that do not code for any amino acid.
Answer: UAA, UAG and UGA

9. Name the initiating codon.

Answer: AUG is the initiating codon (rarely GUG) which codes for methionine.
10.  Who proposed wobble hypothesis?
Answer: Crick (1965)
11.  What is the significance of wobble hypothesis?
Answer: It provides economy of tRNA molecules.
12.  Genetic code is read in which direction?
Answer: 5'—3' direction
13.  Give examples where genetic codes overlap.
Answer: ® X174 and SV40 viruses
14.  Name the scientists who used the filter binding technique for deciphering genetic code.
Answer: Nirenberg and Lederberg
15.  Name the terminating codons of human mitochondria.
Answer: AGG and AGA
16.  Name the molecules that bear codons and anticodons.
Answer: mRNA bears codons, whereas tRNA contains anticodons.
17.  Which nitrogenous base varies in multiple codons of an amino acid?
Answer: In multiple codons for an amino acid, the third nitrogenous base varies, whereas the first two
nitrogenous bases remain constant.
18.  Name the organism which translates codon UGA as tryptophan.
Answer: Mycoplasma

Long-Answer Questions

1.  What is genetic code? Describe the salient features of genetic code.

2. Give an account of different processes for deciphering genetic code.

3. Write short notes on:
(a) Gamow hypothesis (b) Wobble hypothesis
(c) Chain terminating codons (d) Triplet-binding technique
(e) Exception of genetic code (f) Codon dictionary
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GENE REGULATION

10.

11.

12.

Short-Answer Questions

What is gene expression?
Answer: The process by which cells translate their genetic information contained in DNA into proteins
is known as gene expression.
What is gene regulation?
Answer: The activation and suppression of genes at different times is called gene regulation.
Name the first-discovered example of gene regulation.
Answer: Lac operon model
Who discovered the lac operon model?
Answer: Jacob and Monod (1961)
What are the components of a lac operon?
Answer: The lac operon model consists of:
(a) Structural genes (b) Promoter genes (c) Operator genes
(d) Regulator genes (e) Effector or inducer
State the function of a regulator gene.
Answer: A regulator gene controls the operator gene with the help of some chemical compounds
known as inducers and co-repressors. Regulator genes produce a substance called repressor, which
may bind with the operator gene and switch off the structural genes.

Define promoter gene?

Answer: Promoter gene is the site where the RNA polymerase binds. It lies left to the operator and is

the actual site of transcription.

State whether catabolite repression is an example of positive or negative control?

Answer: Positive control

Which type of regulation (positive or negative) is involved in the removal of an inhibitor?

Answer: Negative control

Give three main features of lac operon regulation.

Answer: (a) The lac operon is under negative control. When it reacts with the lac repressor, it causes
inhibition of lac transcription. The repressor is produced by the regulatory gene (i).

(b) When the lac repressor binds with the operator, it prevents transcription. Whenever an

inducer (lactose or lactose analogue) is added, the repressor dissociates from the operator
and as a result, lac transcription takes place.

(c) The lac operon is also under positive control. Operon transcription is enhanced when
operon interacts with a regulator protein.
How many structural genes does lac operon involve?
Answer: Three structural genes
Write three differences between repression and induction.
Answer:
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Repression Induction
(a) It operates in anabolic pathway. It operates in catabolic pathway.
(b) It causes operon to turn off. It causes operon to turn on.
(c) It stops transcription and translation. It initiates transcription and translation.

13. What would be the result if a mutation occurs in the CAP gene of the lac operon?
Answer: There will be no expression of lac operon as RNA polymerase would not recognise the
promoter.

14. At what level does repression or depression of trp operon occur?
Answer: Repression or depression of trp operon occurs at the level of transcription.

15. What is gene battery model and who proposed it?
Answer: Gene battery model is a model for gene regulation in eukaryotes, proposed by Britten and
Davidson. According to this model, a set of structural genes are controlled by one sensor site called
battery.

Long-Answer Questions

1.  What is an operon? Describe the positive and negative control of lac operon.
Describe the role of operator gene, regulator gene, structural genes, promoter and inducer.

3. Write short notes on:
(a) Attenuation (b) Hogness box (c) TATA box
(d) Enhancer and silencer (e) ara C operon (f) Gene battery model

4. Give an account of regulation of gene expression in eukaryotes.

HUMAN GENOME PROJECT

Short-Answer Questions

1. What is the Human Genome Project (HGP)?
Answer: In 1990, a project was started to recognise genome of the human race and to collect data on
it. It was a mega project and termed as Human Genome Project.

2. In which year was the Human Genome Project started and when was it completed?
Answer: The Human Genome Project was started in October 1990 and completed in April 2003.
However, sequence of individual chromosomes was published in 2006.

3. Who was the first director of the Human Genome Project?
Answer: James Watson. He was replaced by Francis Collins in 1993.



The McGraw-Hill Companies |

Genetics @
(@03,

4. What were the two main aims of the Human Genome Project?
Answer: (a) To determine the sequence of all 3.3 billion nucleotides on the human genome.
(b) To map the location of every gene on each chromosome.
5. Why is the Human Genome Project (HGP) called ‘mega project’?
Answer: (a) Human genome contains 3.3 x 10° base pairs and if the cost of sequencing is US $3 per
base pair, then the approximate cost will be US $10 billion.

(b) If the sequence obtained were to be stored in a typed form in books and if each page con-
tained 1,000 letters and each book contained 1,000 pages, then 3,300 such books would
be needed to store the complete information.

(c) The enormous quantity of data expected to be generated also necessitates the use of high-
speed computer hard-drives for data storage and supercomputers were used for retrieval
and analysis.

(d) Therefore, HGP is called a mega project due to the investment of a lot of money, use of
advanced techniques and involvement of many scientists in the work.

6. Name the chromosome number of humans whose complete sequence was first published.
Answer: Chromosome number 22
7. Why it is easier to prepare DNA cleanly from sperms than other cell types?
Answer: Because it has high ratio of DNA to protein and it contains all the chromosomes necessary for study.
8. Name some model organisms studied in the Human Genome Project.
Answer: Escherischia coli, Saccharomyces cerevisiae, Drosophila melanogaster and Caenorhabditis elegans
9. Which chromosomes of humans contain maximum and minimum number of genes?
Answer: Chromosome 1 contains maximum number of genes and Y chromosome has minimum number
of genes.
10.  Name the largest human gene?
Answer: Dystrophin having 2.4 million base pairs
11.  What percentage of nucleotide bases is exactly similar in all people?
Answer: 99.9 per cent
12.  Name some organisms whose genomes have been sequenced completely (in addition to humans).
Answer: (a) H. influenzae (First free-living organism to be desequenced)

(b) Drosophila melanogaster

(c) Caenorhabditis elegans (First multicellular eukaryote sequenced)

(d) Escherichia coli

(e) Yeast (Saccharomyces cerevisiae)

(f) Arabidopsis thaliana (First plant sequenced)

(g) Mouse (Mus musculus)

13.  Name the hosts used in the Human Genome Project for cloning.
Answer: Bacterial artificial chromosome (BAC) and yeast artificial chromosome (YAC)
Long-Answer Question
1.

Give an account of the Human Genome Project (HGP) mentioning its objectives and achievements.
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DNA FINGERPRINTING

Short-Answer Questions

1. What is DNA fingerprinting?
Answer: DNA fingerprinting is a technique to identify a person on the basis of his/her DNA.
2. Can DNA fingerprinting change by any type of treatment?
Answer: No
3. Who invented the technique of DNA fingerprinting?
Answer: Sir Alec Jeffrey (1984) invented the technique of DNA fingerprinting.
4. What is called the specific type of DNA sequences used in DNA fingerprinting?
Answer: Microsatellite

5. What are microsatellites?
Answer: Microsatellites are short pieces of DNA which repeat many times in a given person’s DNA.

Long-Answer Question

1.  What is DNA fingerprinting? Describe the technique of DNA fingerprinting and write a note on its
significance.

MOLECULAR GENETICS OF CANCER

Short-Answer Questions

1. What is cancer?
Answer: Cancer may be defined as the uncontrolled growth of the cells (mitosis) that ultimately kills
the organisms.

2. Name the cells that are never in G, state.
Answer: Cancer cells
3. Distinguish between benign tumour and malignant tumour.
Answer:
Benign tumour Malignant tumour
(a) They are well differentiated. Malignant tumour lacks differentiation.
(b) They are not cancerous. They are cancerous.
(c) They lack invasiveness. They have the ability of invasiveness.

(d) The rate of growth is slow. The rate of growth is rapid.
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4. What is metastasis?

Answer: The ability of cells to invade other cells is known as metastasis. Metastasis is a characteristic
of cancer cells. A cancerous tumour may shed cells in the blood and lymphatic vessels and disperse to
distant sites where they form secondary tumours.

5. Why is it impossible to remove cancer cells surgically?
Answer: Due to their ability to invade other cells (metastasis) of the body

6. Name three DNA-containing oncoviruses that cause human cancer.
Answer: (a) Epstein-Barr virus — Burkitts lymphoma and nasopharyngeal carcinoma
(b) Hepatitis B virus — Liver cancer
(c) Papillomaviruses — Cervical and other anogenital cancers

7. In which virus were viral oncogenes first reported?
Answer: Viral oncogenes were first reported by Peyton Rous (1911) in Rous sarcoma virus.

8. Name the cancers that arise from mesodermal connective tissue.
Answer: Sarcomas

9. Name the virus that causes non-Hodgkin’s lymphoma.
Answer: Simian virus 40 (SV40)

10.  When was the first oncogene discovered and what is its name?
Answer: The first oncogene was discovered in 1970 in chicken retro virus and was named Src.

11.  Name three tumour-suppressor genes.
Answer: (a) p> located on chromosome 17 (b) RB gene located on chromosome 13
(c) BRAI gene located on chromosome 17
12. What is oncogenesis?
Answer: Oncogenesis is the initiation of cancer.

13.  Define proto-oncogenes.
Answer: Proto-oncogenes are normal cell genes from which the retroviral oncogenes originate.

14.  What is carcinogen?
Answer: A carcinogen is an agent that causes or promotes tumour formation.

15. Name two carcinogens which are not mutagens.
Answer: Alcohol and estrogen

16.  How the proto-oncogenes change into oncogenes?
Answer: Proto-oncogenes can change to oncogenes by
(a) Point mutation (b) Chromosomal translocation
(c) Insertional activation (d) Gene amplification
17.  Name the disease in which the c-myc containing segment of chromosome 8 translocates to chromo-
some 14.
Answer: Burkitt’s lymphoma
18.  Write the difference between v-oncs and c-oncs.
Answer: The cancer-inducing genes in a virus are called v-oncs, whereas cellular genes having the
ability to become oncogenes are termed as c-oncs.
19.  Which types of cancers are caused by BRAC1 and BRAC2 genes?
Answer: Breast, ovarian and pancreatic cancers
20.  What are tumour-suppressor genes?
Answer: Genes that suppress division of cells and survival are known as tumour-suppressor genes.
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Name a parasite that induces cancerous growth.
Answer: Schistosoma haematobium, which induces cancer of the urinary bladder

Name three treatments of cancer.
Answer: (a) Surgery (b) Radiation therapy (c) Chemotherapy

IMMUNOGENETICS

10.

Short-Answer Questions

Define immunogenetics.
Answer: The branch of medical science that deals with the relationship between the immune system
and genetics is known as immunogenetics.

What are immunoglobulins?
Answer: Immunoglobulins are glycoproteins that function as antibodies which are found attached with
the cell membrane, secretions or circulating in blood.

Antibodies are negatively or positively charged immunoglobulins?
Answer: Negatively charged immunoglobulins

What are antigens?
Answer: The foreign bodies that cause the formation of antibodies are termed as antigens.

How many types of antibodies (immunoglobulins) are found in mammals?
Answer: Five classes of antibodies are found in mammals. These are IgA, IgD, IgE, IgG and IgM with
its own class of heavy chain—a, 9, €, y and p, respectively.

Name the class of antibody which develops first.
Answer: IgM

Which immunoglobulin plays an important role in allergic reaction and its concentration increases
during worm infection?

Answer: IgE

Which immunoglobulin has the ability to cross the placenta?

Answer: 1gG

How is the antigen-binding site of an IgG molecule formed?

Answer: The variable domains of a light and heavy chain together form the antigen-binding site of an
IgG molecule.

Write two advantages and disadvantages of IgG.

Answer:

Advantages Disadvantages

(a) It has the ability to cross the placenta and (a) It has lower capacity to agglutinate antigens.
thus protect the developing foetus.

(b) Due to its smaller size, it diffuses more (b) It activates the complement system.
readily into intracellular fluids.
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How is an antibody class determined?
Answer: An antibody class is determined by the constant region sequence of the heavy chain.

Which antibody is responsible for Rhisoimmunisation?
Answer: 1gG

How many binding sites are found in an IgG?

Answer: Two

Give the number and names of domains for an antigen-binding site.
Answer: Two 'V, and C,

How many variable and constant domains are present in each heavy chain of 1gG?
Answer: One variable domain and three constant domains

What are complement factors?

Answer: Complement factors are a set of plasma proteins present in the serum. The lysis of cells
by antibody is mediated by the complement system. There are nine components in the complement
system, designated as C1 to C9.

What are isotypes, allotypes and idiotypes?

Answer: Isotypes — These are variants in molecules present in all normal persons (e.g., classes and
subclasses of antibodies).

Allotypes — Allotype is the genetically determined difference in molecules between individuals of the
same species.

Idiotype — Idiotype is the unique difference between antibodies of different antigen-binding
specificities. They are determined by the conformation of the heavy and light chain variable regions
of the antibodies.

Define opsonisation.

Answer: The process by which microorganisms or other foreign particles are coated by a substance
called opsonin (antibody and/or complement) leading to recognition and ingestion by phagocytic cells
is known as opsonisation.

How is V domain formed?

Answer: V domain is generated by joining the variable region of the light chain and that of the heavy chain.
What is junctional diversification?

Answer: The random loss and gain of nucleotides at joining sites is known as junctional diversifica-
tion.

VH segment cannot join directly with a JH segment in a heavy chain gene arrangement. Give reasons.
Answer: Because both VH and JH segments are flanked by recombinant single sequences having 23 bp
(2 turns) spacer, and as per one turn/two turn joining rule, signal sequences containing two turn spacer
can join only with signal sequences having a one turn spacer.

Though B cell is diploid, it expresses the rearranged heavy chain genes from only one chromosome
and rearranged light chain genes from only one other chromosome. What is the name of the process
through which it is done?

Answer: Allelic exclusion

How is V domain generated?
Answer: V domain is generated by joining of the variable region of the light chain and that of the heavy
chain

Draw a well-labelled diagram of an immunoglobulin molecule.
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Immunoglobulin

Define combinatorial association.

Answer: During the synthesis of an immunoglobulin molecule, any set of light chain molecules
may combine with any set of heavy chains resulting in the formation of an antibody. This process is
known as combinatorial association. However, there is only one set of heavy and one type of light
chain within a given immunoglobulin. Different antibody proteins are possible only by combinatorial

association.

Long-Answer Questions

What are immunoglobulins? Describe the structure and function of immunoglobulins.

Give an account of organisation and expression of immunoglobulin genes.

Write short notes on:

(a) Allelic exclusion

(b) Junctional and insertional diversification

(c) Productive and nonproductive rearrangements of Ig genes
(d) Lambda (1) light chain gene

(e) Kappa (k) light chain gene

(f) Opsonisation

(g) Allotypes and idiotype
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Short-Answer Questions

1. Name the smallest form on the earth.
Answer: Prions

2. Who coined the term ‘prions’?
Answer: Stanley B Prusiner (1982)

3. What are prions?

Answer: Prions are infectious agents which are made up of proteins, lack nucleic acids (DNA and
RNA) and cause fatal brain diseases.

4. Do prions obey the central dogma rule?
Answer: No

5. Prions diseases are also called transmissible spongiform encephalopathies. Why?
Answer: Because they are transmissible from one host to another of the same species and sometimes
even from one species to another, and they destroy brain tissue, giving it a spongy appearance.

6. Which body part is affected by prion disease?
Answer: Structure of the brain or neural tube

7. Name some prions diseases.
Answer: (a) Scrapie in sheep
(b) Mad cow disease (Bovine spongiform encephalopathy or BSE) in cattle
(c) Kuru and Creutzfeldt—Jakob disease in humans

8. How are prions detected?
Answer: Prions can be detected with high sensitivity by Protein Misfolding Cyclic Amplification
(PMCA) technology.

9. Name the prion gene and on which chromosome is it found?

Answer: PrP gene and it is located on chromosome number 20

Long-Answer Question

1. Give an account of prions. Do prions obey the central dogma rule?

TRANSPOSONS

Short-Answer Questions

1. What are transposons?
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Answer: Transposons are segments of DNA that move around different locations in the genome of a
single cell.

2. Who discovered first transposons?
Answer: First transposons were discovered by Mc Clintock (1940) in maize.
3. Which enzyme is needed by transposons for their mobile ability?
Answer: Transposase
4. Transposons are sometimes referred to as jumping genes. Why?
Answer: Because they are the segments of DNA that move around different locations in the genome of
a cell
5. What is transposition?
Answer: The movement of transposons is known as transposition.
6. What are Insertion Sequences (IS)?
Answer: Insertion Sequences are specific genetic units whose genes are only associated with transposition
and self-propagation.
7. Can transposons replicate DNA in eukaryotes?
Answer: No
8. How retrotransposons move in the genome?
Answer: Retrotransposons (Class I) move in the genome by being transcribed to RNA and then back
to DNA by reverse transcriptase.
9. Name some important eukaryotic transposons.
Answer: Some important eukaryotic transposons are P elements in Drosophila melanogaster, Ty
elements in yeast and IAP and VL elements in rodents. The most common form of transposons in
humans is the AlU sequence which is approximately 300 bases long.
10.  What is the significance of transposons?
Answer: Transposons:
(a)  Cause mutati