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Lecture No. 1
Introduction

The term genetics was first coined by W. Bateson in 1905, although beginning
of the science of genetics was made in 1900 by rediscovery of Mendel’s work. The
word genetics was derived from the Greek root ’Gen’ which means ‘to become’ or ‘to
grow into’. Genetics is often described as a biological science, which deals with the
principles of heredity and variation. Heredity refers to the transmission of characters
from parents to their offspring. The differences among the individuals of a species for
a character constitute the variation. The variations are mainly of two types namely (i)
heritable (genetic), (ii) nonheritable (environmental). Heredity variation refers to
differences in inherited traits. These types of variations are found not only in
progenies of parent, but also transmitted from generation to generation.

Environmental variation is temporary and not inherited to next generation.

The foundation of this new branch of biology — genetics was laid by Mendel in
1866 when he discovered the basic principles of heredity. However, Mendel’s
findings came into light only in 1900, when similar results were obtained
independently by three scientists, viz., Hugo de Vries, Carl Correns and Von

Tschermak. Thus, genetics was born in 1900.
1. Pre — Mendelian ideas about heredity

In ancient times, there were speculations on the nature of heredity. Early
philosophers and workers had forwarded various ideas or theories to explain the

phenomenon of inheritance. They are briefly presented below.
(i) Vapour and fluid theories

Early Greek Philosophers like Pythagoras (500 B.C) proposed the theory that a
moist vapour descends from the brain, nerves and other body parts of the male during
coitus and from this, similar parts are formed in the uterus of the female forming the

embryo.

Empedocles proposed the theory that each parent produces ‘a semen’ which
arises directly from various parts of the body. In embryos the various parts are

formed by this semen.



Aristotle thought that the semen of man has some “Vitalizing” effect and he
considered it as the highly purified blood. According to him the mother furnishes

inert matter and the father gives the life-giving power, “dynamic” to the new life.
(ii) Preformation Theory

The theory was proposed by two Dutch biologists, Swammerdam and Bonnet
(1720-1793). This theory states that a miniature human called ‘homunculus’ was
already preformed in the egg and sperm. The development of zygote resulted only in
the growth of a miniature human who was already present in the egg and sperm.

However, this theory was rejected because this could not be proved scientifically.
(iii) Theory of Epigenesis

This theory was proposed by Wolf (1738-1794), a German biologist and it
states that egg or sperm cells do not contain miniature human but that the gametes
contained undifferentiated living substance capable of forming the organized body
after fertilization. This proposition was called as epigenetic concept and remained

universally accepted.
(iv) Theory of Acquired characters

This concept was proposed by Lamarck (1744-1829), a French biologist. This
theory states that a new character once acquired by an individual shall pass on to its
progeny. This theory was disproved by Weismann. He cut the tail of mice for
successive generations and always got the baby mice with tail. Thus, this theory was

rejected.
(V) Theory of Pangenes

This theory was proposed by Charles Darwin (1809 — 1882), an English
naturalist. According to him, each part of the animal body produces a minute copy of
its own, called gemmule or pangene. The gemmules are collected in the reproductive
organs. The gemmulues were passed on to the gametes. The young one formed from
the gametes would be having all the gemmules characteristics of the parents, and will
represent a blending of the qualities of its two parents. Thus, theory of pangenesis is

also known as the ‘theory of blending inheritance’.



(vi) Germplasm Theory

This theory was advocated by August Weismann (1834-1914), a German
biologist. According to this theory, organism’s body contains two types of cells
namely somatic cells and reproductive cells. The somatic cells form the body and its
various organ systems, while the reproductive cells form sperm and ova. The somatic
cells contain the ‘somatoplasm’ and reproductive cells contain the ‘germplasm’. The
germplasm can form somatoplasm, but somatoplasm can not form germplasm. The
cells of the somatoplasm become differentiated during the formation of the complex
organs of the body while cells of the germ cells remain undifferentiated and retain
their power to generate new life. The germplasm thus goes on in continuous stream
from generation to generation. Changes in the somatic cells (somatoplasm), which
were caused by the environment, cannot influence the germplasm and hence acquired

characters are not inherited.
I1. Pre- Mendelian experiments

Knight (1779) conducted experiments on pea much before Mendel but failed o
formulate the laws of inheritance because he could not use the mathematics to his
results. He crossed pigmented variety with unpigmented variety and F1 was
pigmented. When F1 was selfed, F2 showed pigmented and non-pigmented plants.
Since he did not keep record on different types, he could not discover the mechanism

of inheritance.

J.Kolreuter (1733-1806), a German botanist performed hybridization
experiments in tobacco and compared the hybrids with their parents. He
demonstrated that the hybrids may resemble one or the other parent or may be
intermediate between them. He also showed that both the parents make equal

contributions to the hybrids.

Gartner (1772-1850) and Naudin (1815-1899) done experiments similar to
Kolreuter and they observed the similar results. However they could not apply

mathematics to their results.



Questions
1. Person who coined the term genetics was
1) Lamarck i1) Weismann iii) Bateson iv) Charles Darwin
Ans: iii) Bateson
2. Mendel’s finding were rediscovered in the year
1) 1900 i) 1903 iii) 1904 iv) 1905
Ans: i) 1900
3. Theory put forth by Charles Darwin was
i) Germplasm theory ii) Theory of pangenes
iii) Preformation theory iv) Vapour fluid theory
Ans: ii) Theory of pangenes
4. Scientist who had done hybridization experiment prior to Mendel was
1) Lamarck 11) Koleruter 1i1) Weismann 1v) Aristotle
Ans: ii) Koleruter
5. Who distinguished first between somatoplasm and germplasm
1) Lamarck 11) Weismann 1ii) Bateson  iv) Charles Darwin
Ans: ii) Weismann
Say True or False

6. According to preformation theory, gamet is contain undifferentiated living

substance capable of forming the unorganized body after fertilization.
Ans :False

7. Theory of pangenes is a theory of blending inheritance
Ans: True

8. Hybridization experiments conducted prior to Mendel could not give any specific

pattern of inheritance because mathematics was not applied

Ans: True



9. Somatic cells contain the germplasm
Ans: False

10. Theory of acquired characters was disproved by cutting the tail of girafee for

successive generations

Ans: False



Lecture No. 2

Historical Developments in Genetics and Cell structure and function

A. Historical Developments in Genetics

Gregor Johann Mendel (1822-1884) was an Austrian botanist who laid the
foundation of the science of genetics. He worked with garden pea (Pisum sativum)
and formulated two important laws of inheritance, viz., (i) law of segregation and (ii)
law of independent assortment. For this pioneer work he is called ‘the father of
genetics’. He presented a paper entitled “Experiments in plant Hybridization” before
Natural History Society of Brunn in February 1865 which was published in the
proceedings of the society in 1866. However, his results were neglected for 34years.

Mendel died in 1884 and his work came into being after 16 years of his death in 1900

when same results were independently discovered by de Vries, Correns and

Tschermak.

Today, genetics is a mature but dynamic science. The major developments in

genetics from Mendel are given below:

Development in Genetics

Development in Cytogenetics

1865 - Mendel presented his paper to

the Brunn Society for Natural history

1590- Jansen invented the compound
microscope which combines two lenses

for greater magnification

1865 - Mendel’s paper published in the
proceedings of the Brunn Society for

Natural History.

1665-Robert Hooke coined the term cell
for hollow space surrounded by walls in

the piece of cork.

1900 - Mendel’s work discovered by de | 1831-Robert Brown discovered the
Vries, Correns, and von Tschermak. nucleus in plant cell.
1903 - Johannson proposed the pureline | 1838-39-  Schleiden (Botanist) and

theory. Pureline is the progeny of a single

homozygotes self pollinated plant.

Schwann (Zoologist) formulated cell
theory. According to them cell is the
basic unit of structure and function in

living organism.




1905 - Bateson named the science

genetics.

1905-Bateson and Punnet reported the
modification of dihybrid F2 ratio due to

gene interaction.

1840-Purkinjii, J.E gave the term

protoplasm

1855-Virchow showed that all cells arise

from pre-existing cells by cell division

1879-W Flemming, introduced the term

chromatin.

1882-W Flemming introduced the term

mitosis.

1888-Waldeyar introduced the term

chromosome.

1902- Boveri and Sutton demonstrated
the presence of paired chromosomes

(homologs) in diploid species.

1905-Farmer and Moore coined the term

meiosis.

Developments in genetics and cytogenetics

Yule advanced the idea of multiple factor hypothesis to explain the

inheritance of  quantitative characters. According to this hypothesis,
quantitative characters are governed by several genes with small

Hardy and Weinberg formulated the “Hardy Weinberg law” relating

genotypic frequencies to gene frequencies in random mating

1906
effects and the effects are in additive nature.
1908
populations.
1909 Johannsen introduced the word gene.
1909

Garrod’s book Inborn Errors of Metabolism published.




1909

1910

1911
1927
1928

1931

1932

1940

1941

1944

1946

1946

1950

1952

1952

1953

1955

Nilson — Ehle provided the genetic explanation for the inheritance of
quantitative traits.

Morgan (Nobel Prize 1933) established the sex liked inheritance of
white eyes in Drosophilla melanogaster.

Morgan postulated the chromosomal basis of linkage.
Muller (Nobel Prize 1946) demonstrated that x rays are mutagenic.
Griffth’s discovery of transformation in Diplococcus pneumonia.

Creighton and McClintock (maize) and Stern (Drosophila) papers
appeared demonstrating that genetic recombination is correlated with
the exchange of morphological markers on chromosomes.

Knoll and Ruksa produced first electron microscope.

Oliver’s demonstration of recombination within the lozenge
functional unit in Drosphila.

Beadle and Tatum’s work (Nobel Prize 1958) on Neurospora was
published, establishing the one gene-one enzyme concept.

Avery, Macleod and McCartty demonstrated that the pneumococcal
“transforming principle” is DNA.

Lederberg (Nobel Prize 1958) and Tatum’s discovery of conjugation
in bacteria.

Present day Electron microscope became widely used in biology, the
ultra structure of the cell was studied.

McClintock’s (Noble Prize 1983) first paper on “transposable
elements” in maize.

Hershey (Nobel Prize 1969) and Chase demonstrated that the genetic
material of bacteriophage T, is DNA.

Zinder and Lederberg’s discovery of phage mediated transduction in
bacteria.

Watson and Crick (Nobel Prize 1962) worked out the - double helix

structure of DNA using the X ray diffraction data of Wilkins (Nobel
Prize 1962) and the base composition data of Chargaff.

Benzer’s first paper on the fine structure of the phage T4 rIlI locus.



1956

1957

1958

1959

1961

1964

1964

1965

1966

1970

1970

1972

1976

1977

1977

1977

Tjio and Levan established that the normal diploid chromosome
number in human is 46.

Fraenkel Conrat and Singer demonstrated that the genetic
information of tobacco mosaic virus is stored in RNA.

Meselson and Stahl demonstrated that DNA replication in semi-
conservative.

Ochoa (Nobel Prize 1959) discovery of the first RNA polymerase.

Jacob and Monod (Nobel Prize 1965) proposed “operon model” for
regulating gene expression.

Colinearity between genes and polypeptide products established by
the work of Yanofsky and colleagues and by Brenner and colleagues.

Temin (Nobel Prize 1975) proposed the DNA provirus form of RNA
tumor viruses.

Holley (Nobel Prize 1968) worked out the first complete nucleotide
sequence of a RNA, a yeast alanine tRNA.

The complete genetic code was established by the work of Nirenberg
and Khorana (Nobel Prize 1968) and co-workers.

Nathans and Smith (Nobel Prize 1978) isolated the first restriction
endonucleases.

Reverse transcriptase of RNA tumor viruses identified by Baltimore
(Nobel Prize 1975).

First recombinant DNA produced in vitro in Berg’s (Nobel Prize

1980) laboratory.

Bishop and Varmus (Nobel Prize 1989) demonstrated the

protonocogene to oncogene relationship.

Demonstration of introns in eukaryotic genes by Breathnach, Mendel

and Chambon and by Jeffreys and Flavell.

Publication of the DNA sequencing techniques of Maxam and Gilbert
and of Sanger, Nicklen and Coulson (Sanger and Gilbert, Noble Prize
1980).

Publication of the complete 5387 nucleotide sequence of phage ® X
174 by Sanger and colleagues.



1978 : Discovery of splicing of adenovirus RNAs in three different

laboratories.

1982 : Publication of the complete 48502 nucleotide pair sequence of phage

lambda by Sanger and colleagues.

1983 : Cech and Altman (Nobel Prize 1989) established the existence of
catalytic RNAs.

1988 :  Watson’s acceptance of job as coordinator of the “human genome
project”.

1989 : NIH Recombinant DNA Advisory Committee recommends approval

of first “human gene transplant” experiment.

1990 :  Tsui, Collins and colleagues clone the “cystic fibrosis gene’ the gene
whose mutant alleles account for the majority of the cases of this
dreaded disease that affects about one out of every 2000 children in

the United States.
B. Cell structure and function

The cell could be described as a small unit of living protoplasm always
surrounded by cell membrane. The matrix between the nucleus and the cell membrane
known as cytoplasm. This contains a variety of organelles. An organelle is a distinct
part of a cell which has a particular structure and function. The nucleus is the largest
intra cellular cell organelle, which contains deeply staining material known as
chromatin, which has a particular structure and function. It contain DNA, the genetic

material.

In the case of prokaryotic cell, the DNA lies free in the cytoplasm and the
region is known as nucleoid, where as in the case of eukaryotic cells, the DNA is
found inside the nucleus, which is surrounded by nuclear envelope. Some of the

differences between prokaryotic and eukaryotic cells are give in the Table 2.1.

Table 2.1 Differences between Eukaryotic and Prokaryotic cells

S.No Eukaryotic cells Prokaryotic cells

1. | Nucleus is surrounded by nuclear | Nuclear envelope is absent

envelope




2. | DNA is associated with histones | DNA is naked
and non-histone protein to form
chromatids fibre
3. | Cytoplasm contains Endoplamic | Absent
Reticulum, Golgi bodies etc
4 | Mitochondria present Absent.  Oxidative  phosphorilation
associated with plasma lemma.
5 | Al green  plants possess | Chloroplast absent. BGA have lamellar
chloroplast with typical grana photosynthetic structure
6 | Cytoplasm have microtubules and | Do not have microtubules
provides stability to cytoplasm
7 Ribosome 80s (60s & 40s sub | Ribosome 70s (50s & 30s sub units)
units)
8 | Movement of chromosome | Spindles fibres absent. Movement of
associated with spindle fibres chromosomes accompanied by
enlargement of plasma lemma.
9 | Most of Ribosomes attached to | All ribosome are free in cytoplasm
EndoplaR
10 | Nucleolus is present in the nucleus | Nucleolus is absent

Generally the animal cells are similar to plant cells but the former contains

centriole which is absent in plant cell. Some of the chief differences which are present

in the plant cells are

1.

Cell wall which is present outside the cell membrane and pores containing fine

threads known as plasmodesmata link the cytoplasm of neighbouring cells

through cell walls.

Chloroplast-found in photosynthetic plant cells.

Large central vacuole.

The function of various cell organelles are given in the Table 2.2




Table 2.2 Function of Cell Organelles

Cell organelle

Function

Cell or  plasma

Differentially permeable membrane, through which extra

membrane cellular substances may be selectively sampled and cell
produces may be liberated.

Cell wall (plants only) | Thick cellulose wall surrounding the cell membrane giving
strength and rigidity to the cell.

Nucleus Regulates growth and reproduction of the cell.

Chromosomes Bearers of hereditary instruction, regulation of cellular
processes (seen clearly only during nuclear division)

Nucleolus Synthesizes ribosomal RNA: disappears during cellular

replication

Nucleoplasm (nuclear

sap)

Contains materials for building DNA and messenger
molecules which act and intermediates between nucleus and

cytoplasm.

Nuclear membrane

Provides selective continuity between nuclear and

cytoplasmic materials.

Cytoplasm Contains machinery for carrying out the instructions sent
from the nucleus.

Endoplasmic Greatly expanded surface area for biochemical reactions

reticulum which normally occur at or across membrane surfaces.

Ribosomes Sites of protein synthesis (Shown as black dots lining the
endoplamic reticulum)

Centrioles Form poles for the divisional processes; capable of
replication

Mitochondria Energy production (Kreb’s cycle, electron transport chain,

beta oxidation of fatty acids, etc.,)

Plastids (plants only)

Structures for storage of starch, pigments, and other cellular

products. Photosynthesis occurs in chloroplasts.




Golgi body or

apparatus

Production of cellular secretions; sometimes called

dictyosomes in plants

Lysosome  (animals

Production of intracellular digestive enzymes which aid in

only) disposal of bacteria and other foreign bodies; may cause cell
destruction if ruptured.

Vacuoles Storage depots for excess water, waste products, soluble
pigments, etc

Hyaloplasm Contains enzymes for glycolysis and structural materials

such as sugars, amino acids, water, vitamins, nucleotides, etc.

(nutrient soup or cell sap).




Questions
1. The person who coined the term cell was
1) Robert Hook ii) Jansen 1ii) Robert brown iv) Johannsen
Ans: i) Robert Hook
2. Mendel’s research paper was published in the year
1) 1900 ii) 1866 iii) 1885 iv) 1905
Ans: ii) 1866
3. Flemming coined the term
1) Meiosis 11) Mitosis 1ii) Chromatin iv) Protoplasm
Ans: iii) Chromatin
4. Johannsen introduced the term
1) Linkage i) Cell 1ii) Gene 1v) Genetics

Ans: iii) Gene

5. DNA has
1) Circular structure ii) Double helical structure
111) Single helical structure 1v) Multiple helical structure

Ans: ii) Double helical structure

Say True or False

6. Cytoplasm is the living material present within the nuclear membrane
Ans: False

7. In prokaryotes, nuclear envelope is present
Ans: False

8. Idea of chromosomal basis of linkage was first given by Johannsen
Ans: False

9. Quantitative characters are governed by oligogenes.

Ans: False



10. Ribosomes are the sites of protein synthesis in cells

Ans: True



Lecture No.3
Cell Division

Cell is a basic unit of structure and function in all living systems. The process
of reproduction or formation of new cells from the pre-existing cells is referred to as
cell division. In lower organisms like bacteria, cell division takes place by fission of
pre-existing cell. But in higher organisms like eukaryotes there are two types cell

division viz., Mitosis and Meiosis.
Mitosis

The term Mitosis was coined by Flemming in 1882. Mitosis is the process by
which a cell nucleus divides to produce two daughter nuclei containing identical set of
chromosomes to the parent cell. It is usually followed immediately by division of
whole cell to form two daughter cells. This process is known as mitotic cell division.

(Cell division = Karyokinesis + Cytokinesis)
Cell cycle

The sequence of events which occur between one cell division and the next is called

cell cycle. It has two main stages.

1. Interphase

2. Mitosis or M phase (period of cell division)
1. Interphase

It is the period between successive cell divisions consisting of process
associated with growth and preparation for mitosis. The period of DNA synthesis
during interphase is called the ‘S’ phase or synthetic phase and it is separated in time
from the previous cell division by a gap called ‘G;” phase. G; phase is the period
between the beginning of interphase and that of DNA synthesis (S phase). After DNA
synthesis a further gap called ‘G;’ phase occurs before the next cell division begins,
which is the period between termination of DNA synthesis and beginning of prophase
of next cell division. The G; phase shows considerable variation whereas G, shows
more constancy for a given type of cell. During interphase, each DNA molecule
replicates an exact copy of itself. This copying process produces a chromosome with
two identical functional strands called chromatids, both attached to a common

centromere.



2. Mitotic phase

The mitotic phase leads to separation of replicated DNA into two daughter

nuclei without recombination (Fig 3.2). The M phase consists of two major events

viz., division of nucleus (Karyokinesis) followed by division of cytoplasm

(cytokinesis). The karyokinesis has got four distinct stages as follows.

2.1. Prophase

1.

5.

Coiling and condensation of chromosome takes place which make them

visible as thread like Structures.

Each chromosome has two identical longitudinal splits called identical or

sister chromatids, which are attached by common centromere.
Migration of centrioles to opposite ends of the cell.

Disappearance of nucleolus and beginning of the breakdown of the nuclear

membrane.

Formation of spindle fibre.

2.2. Metaphase

1.

4.

Formation of spindle fibres is completed and chromosomes are attached to the

spindle fibres at the point of centromere.

Movement and arrangement of all chromosomes on metaphase plate or

equatorial plate.

Sister chromatids of each chromosome are joined together at the point of

centromere, but their arms are free.

Chromosomes are clearly visible.

2.3. Anaphase

1.

2.

This is the shortest phase of the mitotic division.

This stage begins with splitting of centromere into two, which allow the sister

chromatids to separate and move to opposite poles.
The separated sister chromatids are called as new chromosomes.

The arms of each chromosome drag behind their centromeres giving them

characteristic shapes depending up on the location of centromere.



2.4. Telophase

1. Chromosomes reach the opposite poles and spindle fibres begin to

disintegrate.
2. Nuclear membrane is reestablished.
3. Nucleoli is reformed
4. Chromosomes again become thinner and longer by uncoiling and unfolding.
Cytokinesis

It is the division of cytoplasm. This stage normally follows telophase and
leads in to G; phase of interphase. In animals, cytokinesis is accomplished by
formation of cleavage furrow which deepens and pinches the cell into two daughter
cells. In plants, cytokinesis involves the construction of cell plate at the centre of the
cell and spreading laterally to the cell. Later cellulose and strengthening materials are

added to the cell plate, converting it into a new cell wall.
Significance of mitosis

1. Genetic stability: Mitosis produces two daughter cells which have the same
number of chromosomes as that of parent cell. These daughter cells are
genetically identical to the parent cell and no genetic variation can be

introduced during mitosis.

2. Growth: The number of cells within the organism is increased by mitosis and

this is the basis for growth of organisms.

3. Cell replacement: Replacement of old cells and dead cells in an organism is

achieved by mitosis.

4. Asexual reproduction: Production of new individuals through asexual

reproduction is achieved by mitosis.
Meiosis

Meiosis is the process by which a cell nucleus divides to produce four
daughter nuclei each containing half the number of chromosomes of the original
nucleus or cell. It is also called as reduction division since it reduces the number of
chromosomes in the cell from the diploid number (2 n) to the haploid number (n).

Like mitosis, it involves DNA replication during interphase in the parent cell, but this



is followed by two cycles of nuclear and cytoplasmic divisions known as Meiosis |
(reduction division) and Meiosis II (multiplication division). Thus, a single diploid

cell gives rise to four haploid cells.
First meiotic division (or) reduction division

It has four stages namely Prophase I, Metaphase I, Anaphase I, and Telophase I.
Prophase I

1. It is the longest phase of meiotic division. It has five sub stages namely,

Leptotene, Zygotene, Pachytene, Diplotene and Diakinesis.
2. Chromosomes are scattered throughout the nucleus in a random manner.
Leptotene
1. Progressive condensation and coiling of chromosome fibres.
2. Chromosomes are scattered throughout the nucleus in a random manner.
Zygotene
1. Chromosomes become shorter and thicker.

2. Homologous chromosomes lie side by side and this pairing process is called

synapsis.

3. Each synapsed homologue is called bivalent. It consists of four chromatid

strands called tetrad.
4. Synaptonemal complex also develops during this stage.
Pachytene

1. Exchange of chromosomal segments between non-sister chromatids of the

homologous chromosome. This process is called crossing over.
2. The point of exchange of chromatid during crossing over is called chiasma.
3. The homologous chromosomes are attached to each other by chiasmata.

4. Synaptonemal complex can be seen between synapsed chromosomes.



Diplotene

1. Separation of homologous chromosomes takes place from one another which
begins from the centromere to end of the chromosomes. This process is called

terminalisation.
2. Nuclelus decreases in size.
3. Nuclear membrane disappears.
Diakinesis
1. This stage begins after the complete terminalization of chiasmata.
2. Chromosomes are in more contracted stage.

3. Due to further contraction and terminalisation, these appear as round bodies

evenly scattered throughout the cell.
4. Nucleolus disappears.
5. The spindle fibres begin to be formed at the end of this stage.
Metaphase I

1. The homologous chromosomes lie on each side of the equatorial plate and

attached with spindle fibres.

2. Due to the contraction of spindle fibres, centromeres of each chromosome are

directed towards the opposite poles towards the equator.
Anaphase I

1. At first anaphase, the centromeres do not divide, but continue to hold sister

chromatids together.

2. The homologues separate and individual chromosome moves to opposite

poles.

3. This leads to reduction of number of chromosomes from diploid (2n) to

haploid (n) state.
Telophase 1
1. Chromosomes uncoil and relax and regrouping of chromosomes occur.

2. Nucleolus and nuclear membrane reappear.



3. Two haploid daughter nuclei are formed.

4. Cytokinesis in telophase I divides diploid mother cell into two haploid (n)

daughter cells. This ends the first meiotic division.

The brief period between the first and second meiotic divisions is called

interkinesis.
Second meiotic division (or) multiplication division

The second meiotic division is equal to miotic division. However meiosis II

differs from Mitosis in the following ways.

(1) Interphase (interkinesis) prior to meiosis Il is very short. It does not have ‘S’

period because each chromosome already contains two chromatids.

(i1) The two chromatids in each chromosome are not sisters throughout. In
otherwords some chromatids have alternate segments of non-sister

chromatids due to recombinations.

(iii)) The meiosis II deals with haploid chromosome number, whereas normal

mitosis deals with diploid chromosome number.

Meiosis II has four stages. They are prophase 1I, Metaphase II, Anaphase 11
and telophase II.

In prophase II, the spindle apparatus reappears. By metaphase II, the
centromeres have lined up on the equatorial plane. During anaphase II, the centromere
of each chromosome divide, allowing sister chromatids to separate. Cytokinesis

followed by telophase II divide the two cells into four meiotic products.
Synaptonemal complex

It is a protein framework, which is found between paired chromosomes. It
consists of one central and two lateral elements. There are transverse filaments on
both sides of the central element. The lateral elements are attached to homologous
chromosomes. Synaptonemal complex is considered to be associated with pairing of
homologous chromosomes and recombination. However, its origin and exact role in

synapsis is still not properly known.



Significance of meiosis

» Meiosis enables the chromosome number of a sexually reproducing species to

be kept constant from generation to generation.

» Meiosis introduces the genetic variation in the offsprings of sexually
reproducing individuals by means of independent assortment and crossing

over (recombination).
The comparison between mitosis and meiosis are briefly presented in Table 3.1.

Table 3.1 Comparison between mitosis and meiosis

S.No Mitosis Meiosis
1. An equational division which The first stage is a reduction division
separates sister chromatids. which separates homologous

chromosomes at first anaphase; sister
chromatids separate in an equational

division at second anaphase.

2. One division per cycle, i.e.one Two divisions per cycle i.e. two
cutoplasmic division (cytokinesis) per | cytoplasmic divisions, one following
equational chromosomal division. reductional chromosomal division
and one following equational

chromosomal division.

3. Chromosomes fail to synapse; no
. . . Chromosomes synapse and form
chiasmata formation; genetic
chiasmata; genetic exchange occurs
exchange between homologous
between homologues.
chromosomes does not occur.

4. Two products (daughter cells) Four cellular products (gametes or
produced per cycle. spores) produced per cycle.

5. Genetic content of mitotic products Genetic content of meiotic products
are identical. different; centromeres may be

replicas of either maternal or paternal
centromeres in varying

combinations.




Chromosome number of daughter
cells is the same as that of mother

cell.

Chromosome number of meiotic
products is half that of the mother

cell.

Mitotic products are usually capable
of undergoing additional mitotic

divisions.

Meiotic products cannot undergo
another meiotic division although

they may undergo mitotic division.

Normally occurs in most of somatic

cells

Occurs only in specialized cells of

the germ line.

Begins at the zygote stage and
continues through out the life of the

organism

Occurs only after a higher organism
has begun to mature; occurs in the

zygote of many algae and fungi.




Questions
1. Zygotene is the stage of cell division that occurs prior to
1) Leptotene i1) Pachytene ii1) Diplotene iv) Diakinesis
Ans: ii)Pachytene
2. Crossing over occurs during
i) Leptotene ii) Pachytene iii) Diplotene 1v) Diakinesis
Ans: ii) Pachytene
3. In telophase
1) Spliting of centromere occurs
i1) Chromosomes reach the opposite poles
iii) Chromosomes get arranged in equatorial plate
iv) Chromosomes appear as coiled coil
Ans: ii) Chromosomes reach the opposite poles
4. Cell replacement in an organism is achieved by
1) Mitosis i1) Meiosis iii) Gphase iv) G, phase
Ans: i) Mitosis
5. Meiosis results in
i) Two daughter cells ii) Three daughter cells
1i1) Four daughter cell 1v) One daughter
Ans: iii) Four daughter cell
Say True or False
6. Mitosis involves the separation between homologous chromosomes
Ans: False
7. Synapsis results in the formation of chiasmata

Ans:True



8. Genetic content of meiotic products are always identical

Ans: False

9. Chromosome number of daughter cells after mitosis is half of the parental cells

Ans: False
10. Meiosis II deals with haploid chromosome no.

Ans:True



Lecture No. 4

Gametogenesis

Usually, the immediate end products of meiosis are not fully developed into
gametes or spores. A period of maturation commonly follows meiosis. In plants, one
or more mitotic divisions are required to produce reproductive spores, whereas in
animals the meiotic products develop directly into gametes through growth and / or
differentiation. The entire process of producing mature gametes or spores, of which

meiotic division is the most important part, is called gametogenesis.
1. Gametogenesis in animals (mammals)

Gametogenesis in male is called spermatogenesis. Mammalian spermatogenesis
originates in the germinal epithelium of the somniferous tubules of the male gonads
(testes) from diploid primordial cells. These cells undergo repeated mitotic divisions
to form a population of spermatogonia. By growth, a spermatogonium may
differentiate into a diploid primary spermatocyte with the capacity to undergo
meiosis. The first meiotic division occurs in these primary spermatocytes, producing
haploid secondary spermatocytes. From these cells the second meiotic division
produces four haploid meiotic products called spermatids. Almost the entire amount
of cytoplasm then extrudes into a long whiplike tail during maturation and the cell

becomes transformed into a mature male gamete called a sperm cell or spermatozoan.

Gametogenesis in female is called oogenesis. Mammailan oogenesis originates in
the germinal epithelium of the female gonads (ovaries) in diploid primordial cells
called oogonia. By growth and storage of much cytoplasm or yolk (to be used as food
by the early embryo), the oogonium is transformed into a diploid primary oocyte with
the capacity to undergo meiosis. The first meiotic division reduces the chromosome
number by half and also distributes vastly different amounts of cytoplasm to the two
products by a grossly unequal cytokinesis. The larger cell thus produced is called a
secondary oocyte and the smaller is a primary polar body. In some cases, the first
polar body may undergo the second meiotic division, producing two secondary polar
bodies. All polar bodies degenerate, however, and take no part in fertilization. The
second meiotic division of the oocyte again involves an unequal cytokinesis,
producing a large yolky ootid and a secondary polay body. By additional growth and

differentiation the ootid becomes a mature female gamete called an ovum or egg cell.



The union of male female gametes (sperm and egg) is called fertilization and
reestablishes the diploid number in the resulting cell called a zygote. The head of the
sperm enters the egg, but the tail piece (the bulk of the cytoplasm of the male gamete)
remains outside and degenerates. Subsequent mitotic divisions produce the numerous
cells of the embryo which become organized into the tissues and organs of the new

individual.
2. Gametogenesis in plants (Angiosperms)

In plants male gametes are produced in stamen and female gametes are produced
in pistil. The production of gametes involves two steps, ie sporogenesis and

gametogenesis.
Sporogenesis

Production of microspores and megaspores is known as sporogenesis.
Microsporogenesis

Production of microspores in the anther is known as microsporogenesis. Pollen
sac of the anther contains numerous Pollen Mother Cells (PMC) or microsporocyte.
Each PMC or microsporocytes which are diploid in number undergo meiosis to
produce four haploid cells or microspores (n). This process is known as
microsporogenesis. The microspores mature into pollen grains mainly by thickening

of their cell walls.
Megasporogenesis

Megasporogenesis occurs in ovules which are present in the ovary. A single cell in
each ovule differentiates in to Megaspore Mother Cell (MMC) or megasporocyte. The
MMC undergo meiosis to produce four haploid megaspores. Three of the megaspores

degenerate leaving one functional megaspore per ovule.
Gametogenesis

The production of male and female gametes from the microspore and the

megaspore respectively is known as gametogenesis.
Microgametogenesis

This refers to the production of male gamete or pollen. During maturation of
pollen, the microspore undergoes a mitotic division of the chromosomes without

cytoplasmic division to produce one generative nucleus and one vegetative or tube



nucleus. Pollen grains are usually shed in this binucleate stage. Upon germination of
the pollen grain on the stigmatic surface, the generative nucleuses divide mitotically
without cytokinesis to products two sperm nuclei or male gametes. The pollen, along
with the pollen tube, is known as microgametophyte. The pollen tube finally enters
the ovule through small pore, micropyle and discharges the two sperm nuclei into the

embryo sac.
Megagametogenesis

The functional megaspore undergoes three mitotic divisions of the chromosome
without intervening cytokinesis producing a large cell with eight haploid nuclei called
embryosac. The sac is surrounded by maternal tissues of the ovary called integuments
and by the megasporangium (nucellus). At one end of the sac there is opening in the
integuments and by the megasporangium (nucellus). At one end of the sac there is
opening in the integuments known as micropyle through which the pollen tube will
penetrate. Out of eight haploid nuclei three nuclei move to micropylar end and
produce central egg cell and two synergid cells. One synergid is situated on either side
of the egg cell. Another three nuclei migrate to the opposite end of the sac to give rise
to antipodal cells. The two remaining nuclei called polar neclei unite near the center
of the sac forming a single diploid fusion nucleus. The mature embryo sac is now

ready for fertilization.
Fertilization

After germination of the pollen grain on the stigma, pollen tube grows down the
style with a direction of tube nucleus and enters into the embryo sac through
micropyle. Two sperm nuclei are released into the embryo sac. Pollen degenerate.
One sperm nucleus fuses with egg nucleus to form diploid zygote, which will then
develop to form a triploid (3n) nucleus. This triploid nucleus undergoes mitotic
division to produce endosperm. The outermost layer of the endosperm cells is called
aleurone. The embryo either may be surrounded by endosperm tissue or in some cases
it is surrounded by diploid maternal tissues called pericarp. In the process of
fertilization, since one sperm nucleus fertilizes egg nucleus and the other sperm nuclei

fertilizes fusion nucleus, it is termed as double fertilization.
Alternation of generations

Life cycle of most plants has two distinctive generations: a haploid

gametophytic (gamete bearing plant) generation and a diploid sporophytic (spore



bearing plant) generation. Gametophyte produce gametes which unite to form
sporophtes which in turn give rise to spores that develop into gametophtes. This

process is referred to as the alternation of generations.



Questions
1. Chromosomal status of pollen is
1) 3n number 1i) n number 1ii) 2n number 1v) 4n number
Ans: n number
2. Chromosomal status of endosperm is
1) n number 11) 2n number 1ii) 3 n number 1v) 4n number
Ans: iii) 3 n number
3. Name of fertilized egg is
i) Gamete ii) Gametophyte iii) Sporophyte iv) Zygote
Ans: iv) Zygote
4. No. of nuclei present in mature embryo sac is
i)2 i) 4 iii) 6 iv) 8
Ans:
5. No. of gametes formed from individual pollen is
1) One i) Two 1ii) Three 1v) Four
Ans: ii) Two
Say True or False
6. Triploid nucleus in the embryo sac divides meiotically to produce endosperm
Ans: False
7. Production of microspores in the anther is known as microsporogenesis
Ans: True
8. Only one functional megaspore is present in mature ovule.
Ans: True
9. Pollen mother cells of the anther undergo meiosis
Ans: True
10. Synergids are situated on either side of the egg cell

Ans: True



Lecture No. 5
Chromosomes

Chromosomes are the darkly stained bodies seen during the metaphase stage of
mitosis. Strasburger discovered chromosomes in 1875 and the term chromosome was
coined by Waldeyer in 1888. Chromosomes are composed of thin chromatin threads
called chromonemata. These chromonemata undergo coiling & super coiling during
prophase and it become readily observable by the light microscope. The main features

of eukaryotic chromosomes are given below.

1. Chromosomes are clearly visible during mitotic metaphase. Hence, they are

studied during metaphase.

2. Chromosomes bear genes in a linear fashion and thus are concerned with

transmission of characters, from generation to generation.
3. Chromosomes of eukaryotes are enclosed by a nuclear membrane.

4. Chromosomes vary in shape, size and number in different species of plants

and animals.
5. Chromosomes have property of self-duplication, segregation and mutation.

6. Chromosomes are composed of DNA, RNA and histones. DNA is the major

genetic constituent of chromosome.
Chromosome shape

Chromosome shape is usually observed during anaphase. The shape of
chromosomes is determined by the position of centromere, a part of chromosome on
which spindle fibres are attached during metaphase. Chromosomes have generally
three different shapes, viz, rod shape, J shape and V shape. These shape are observed
when the centromere occupies terminal, sub-terminal and median (middle) position on

the chromosomes, respectively.
Chromosome size

Chromosome size is measured at mitotic metaphase. It is measured in two ways
viz., in length and diameter. Plants usually have longer chromosomes than animals,

the maximum length of chromosome is observed during interphase and minimum



during anaphase. Chromosome size varies from species to species. Maize

chromosomes have the length of 8-12u. Giant chromosomes have length upto 300u.
Chromosome number

Each species has definite and constant somatic and gametic chromosome number.
Somatic chromosome is the number of chromosomes found in somatic cells and it is
represented as diploid number (2n). The somatic cells contain two copies of each
chromosome (except sex chromosome) one of which is inherited from father while
other is inherited from mother. These two chromosomes are identical in morphology,
gene content and gene order and they are known as homologous chromosomes.,
Gametic cells or gamets contain one half of the somatic chromosome number which is
represented by haploid number or (n). The genetic chromosome number of a true
diploid species is called basic number. It is the minimum haploid chromosome
number of any species, which is denoted by x. For example, in wheat, the basic
number is 7, whereas the haploid number is 7, 14 and 21 for diploid, tetraploids and
hexaploid species, respectively. Thus, haploid chromosome number differs from basic
number. Both are same in case of true diploid species but differ in case of polyploidy

species.

Number of chromosomes varies from 2n=4 (n=2) in Haplopappus gracilis
(Compositae) to 2n=> 12000 in some Pteridophytes. In Plant kingdom, chromosome

number is higher in dicots than in monocots.
Chromosome structure

The structure of chromosome becomes easily visible during metaphase due to
coiling of interphase chromosomes. Each chromosome consists of seven parts, viz., (i)
centromere, (2) chromatids, (3) seconday constriction and sataellite, (4) telomere, (5)
chromomere, (6) Chromonema and (7) matrix. A brief description of these parts is

given below:
1. Centromere (Primary Constriction)

It 1s a localized region of the chromosome with which spindle fibres are
attaced during metaphase is known as centromeres of primary constriction or
kinetochre. Centromere has four important functions, viz., (i) orientation of
chromosomes at metaspace, (ii)) Movement of chromosome during anaphase, (iii)

formation of chromatids, and (iv) chromosomes shape. Centromere may occupy



various positions on the chromosome, viz., terminal, sub-terminal, median etc.
Generally, each chromosome has one centromere, but in some cases, the number of
centromere may vary from nil to many. The centromere divides the chromosome in to

two arms of varying length.
2. Chromatid

One of the two distinct longitudinal subunits of a chromosome is called
chromatid. These subunits of a chromosome get separated during anaphase.
Chromatids are of two types viz., sister chromatids and non-sister chromatids. Sister
chromatids originate from homologous chromosomes. Chromatids are formed due to
chromosome and DNA replication during interphase. Two chromatids of a
chromosome are held together by centromere. After separation at anaphase each

chromatid becomes a chromosome.
3. Secondary Constriction

Some chromosome exhibits secondary constriction in addition to primary
constriction. It may be present either in short or long arm of the chromosome. The
chromosomal region between secondary constriction and nearest telomere (end of the
chromosome) is called as satellite or trapant. The chromosome having satellite is
known as satellite chromosomes. The position of secondary constriction in the
chromosome is constant. The number of satellite chromosome in a genome varies

from species to species.
4. Telomere

The two ends of the chromosomes are known at telomeres. Telomeres are highly
stable and they do not fuse or unite with telomeres of other chromosomes. The

structural integrity and individuality of the chromosome is maintained by telomeres.
5. Nucleolar Organizer Region (NOR)

During interphase, nucleolus of the cell is always associated with secondary
construction of satellite chromosome. So the secondary constriction is also called as

NOR. The NOR contain several copies of gene coding for ribosomal RNA.
6. Chromomeres

The chromosome of some of the species show small bead like structures called as

chromomeres. The distribution of chromomeres in the chromosome is constant.



Available evidence indicates that chromomere represents a unit of DNA replication,

chromosome coiling, RNA synthesis and RNA processing.
7. Chromonema

Under light microscope, thread like coiled structures are found in the
chromosomes and chromatids which are called chromonema (plural chromonemata).
Chromonema is considered to be associated with three main functions. It controls
size of chromosomes, results in duplication of chromosomes and is the gene bearing

portion of chromosomes.
8. Matrix

A mass of aromatic material in which chromonemata are embedded is called
matrix. Matrix is enclosed in a sheath which is known as pellicle. Both matrix and

pellicle are non genetic materials.
Karyotype

Karyotype is a phenotypic appearance of chromosomes of a particular species. In
the study of kayotype, various features of chromosomes are taken into account viz., (i)
number (ii) position of centromere (iii) size (iv) possibility of satellite (v) degree and
distribution of meterchromatin etc. It is represented by arranging the somatic
chromosome complements according the somatic chromosome complements
according to their length keeping their centromeres in a straight line. Thus, the longest

chromosome is placed in the extreme left and smallest in the extreme right.
Idiogram

Diagramatic representation of morphological features of haploid chromosome

complements of a species is known as ideogram.
Heterochromatin

The region of the chromosome, which takes up deep stain during interphase
and prophase, is called heterochromatin. It is classified into two types, constitutive

heterochromatin and facultative heterochromatin.

i. Constitutive Heterochromatin: The regions centromere and telomere of the
chromosome remain permanently in the heterochromatin stage. ie., it does not

revert to euchromatic stage.



ii. Facultative Heterochromatin: It is the region of the chromosome which

undergo euchromatin stage.

Euchromatin: The region of the chromosome, which takes up little stain during

interphase, is called Euchromatin. It is the active region of the chromosome, involved

in transcription.

Classification of chromosomes

Chromosomes can be classified in different ways. The various criteria which are

usually used for classification of chromosomes include, (i) position of centromere, (ii)

number of centromere, (iii) shape at anaphase, (iv) structure and appearance, (v) role

in heredity essentiality, (vi) role in sex determination, and (vii) structure and function

(Table 5.1). A brief classification on the bases of these criteria is presented below:

Table 5.1. Classification and brief description of chromosomes

Basis of Classification and types of

chromosomes

Brief Description

1.Position of centromere

Metacentric chromosome

A chromosome in which centromere is

located in the middle portion, such

chromosomes assume V shape at anaphase.

Sub-metacentric chromosome

A chromosome in which centromere is
located slightly away from the centre point
sub median such

or has position,

chromosomes assume J shape at anaphase.

Acrocentric chromosome

A chromosome in which centromere is
located very near to one end or has sub
terminal position, it is called as sub-
terminal chromosome. Such chromosome
assumes J shape or rod shape during

anaphase.

Telocentric chromosome

A chromosome in which centromere 1is

located at one end is called as telocentric.




Such chromosome assume rod shape during

anaphase.

Holokinetic chromosome

A chromosome with diffused centromere.
Centromere does not occupy a specific part
of chromosome. Whole body of such

chromosome exhibits centromeric activity.

2. Number of Centromere

Acentric chromosome

A chromosome without centromere. Such
chromosome remains as laggard during cell

division and is eventually lost.

Monocentric Chromosome

A chromosome with one centromere. It

represents normal type of chromosomes.

Dicentirc chromosome

A chromosome having two centromeres.
Such chromosome makes dicentric bridge at
anaphase and are produced due to inversion

and translocations.

3.Shape at anaphase

V shape chromosome

A chromosome which assumes V shape at
anaphase. It includes  metacentric

chromosome.

J shape chromosome

A chromosome which assumes J shape at
anaphase. It includes sub-metacentric and

sub-terminal chromosomes.

Rod shape chromosome

A chromosome which assumes rod like

shape during anaphase.

4. Structure and appearance

Linear chromosome

A chromosome with liner structure or
having both the ends free. Such

chromosomes are found in eukaryotes.




Circular chromosome

A chromosome with circular shape and
structure. They are found in bacteria and

viruses.

5. Essentially

A-Chromosome

Normal  members of  chromosome
complements of a species which are
essential for normal growth and

development.

B-Chromosome

Chromosome which are found in addition to
normal chromosome complements of a
species. They are also called as accessory,
supernumerary or extra chromosomes and
are not essential for normal growth and

development.

6. Role in Sex Determiantion

Allosomes

Chromosomes which differ in morphology
and number in male and female sex and
contain sex determining genes. They are
generally of two types, viz., X and Y or Z
and W types (for details see under sex

determination)

Autosomes

Chromosomes which do not differ in
morphology and number in male and
female sex and rarely contain sex

determining genes.

7. Structure and function

Normal Chromosome

Chromosomes with normal structure (shape

and size) and function

Special Chromosome

Chromosome which significantly differ in

structure and function from normal




chromosomes. Such chromosomes include
lamp  brush  chromosomes, polytene

chromosomes and B-chromosomes.

Chromosome models

Chromosome fibres are the basic units of chromosome structure. Chromosome
model refers to organization of chromatin fibres in a chromosome. Two models
namely folded fibre model and nucleosome solenoid model are widely accepted to
explain chromosome structure and organization if chromatic fibre in a chromosome.

These models are briefly described below:
1. Folded fibre model

This model was proposed by DuPraw in 1965. According to this mode, chromatin
fibres are about 230° A in diameter. Each chromatid consists of single chromatin
fibre, which is made up of single chromatin fibre, which is made up of single DNA
double helix. The folding and super coiling of very long chromatin fibre causes

reduction in length and increase in thickness of the chromosome.
2. Nucleosome — solenoid model

This model was proposed by Kornberg and Thomas in 1974. Chromatin is
composed of DNA, RNA, histones and other proteins. Chromatin fibres are 300°A in
diameter. The nucleosomes are sub units of chromatin and have bead like appearance.
Each nucleosome is composed of a histone octamer and 146 base pairs (bp) of DNA.
Each nuclesome consists of a core particle and linker or spacer DNA. The core
particle has two copies each of H2B, H3 and H4 hsitone molecules. Thus, it has a
histone octamer. The core particle is about 100°A in a diameter and 60°A in height. A
duplex DNA strand is tightly wound around this core particle making two circles.
Spacer of liner DNA has four base pairs. One molecule of histone H1 is connected

with linker DNA. The super coiled nuclesome fibre is known as solenoid.

According to this theory, a very long molecule of DNA (146 bp) is packed into a
single unit of nucleosome and several units of nucleosome constitute chromatin fibre.

The chromatin fibre of 300°A which is visible under electron microscrope at




metaphase develops from the nucleosome fibres as a consequence of super coiling of

latter. This model is universally accepted as a model of chromatin fibre organization.
3. Special types of chromosome

Some tissues of certain organisms contain chromosomes, which differ
significantly from normal chromosomes in terms of either morphology or function.

Such chromosomes are referred to as special chromosomes.
1. Lambrush chromosome

These are the special type of chromosomes found in primary oocyte nuclei in
amphibians. Lambrush chromosomes are up to Imm length. Each lambrush
chromosome contains a central axial region where the two chromatids are highly
condensed and numerous pairs of lateral loops give them a characteristics lambrush

appearance. The loops are the transcriptionally active region of the single chromatids.
2. Salivary gland chromosome / polytene chromosome / Giant chromosome

The polytene chromosomes occure in the tissues of salivary glands, guts

epithelium and malpighain tubules of many insects of the order Diptera.

In salivary gland cells of dipteral species giant chromosomes were observed by
E.G.Balblani for first time in 1881. The chromosomes may reach a size of 20 times or
more than the normal chromosomes. These salivary gland chromosomes have
characterstics of somatic pairing as a result, the number of giant chromosomes in the
salivary gland cells always appears to half that in the normal somatic cells. Giant
chromosomes have distinct pattern of transverse banding, which consists of alternate
chromatic and achromatic regions. The band occasionally forms reversible puffs
known as chromosome puffs or Balbiani rings which are associated with differential

generation.

Giant chromosomes represented by bundle of fibres, which arise by repeated cycle
of endo reduplication of single chromatids (Endo — reduplication means chromatids
replicates without cell division as a result of which number of chromonemata keep on
increasing). That is why these chromosomes are also called as polytene chromosomes
and the condition is refered to as polytene. The number of chromonemata per

chromosome may be upto 2000 and in some cases it maybe aroung 16,000.



Iso-chromosome

A chromosome with two identical arms and identical genes is called as
isochromosome. The arms are mirror images of each other. It is thought to arise when
a centromere divides in the wrong plane yielding two daughter chromosomes, each of
which carries the information of one arm only but present twice. At meiosis
isochromosomes pair in three different ways. (i) Internal pairing (ii) Fraternal pairing

(1i1) Normal pairing

In internal pairing, the two arms of the isochromosomes pair with each other. In
fraternal pairing, one or both of the arms of the isochromosomes pair with a
homologous arm of another chromosome. In normal pairing, the isochromosome pairs

with another one just like it.
‘B’ chromosome

It is a particular kind of supernumery chromosome that may or maynot be found
in organisms as extra chromosomes over and above the standard diploid or polyploidy
chromosome complements. The standard complements are called ‘A’ chromosome.
The ‘B’ chromosomes found in natural population are recognized on the basis of

following characteristics.

i. They are dispensable ( not found is all the individuals of the species or all the

cells of the organisms)
ii. They are not homologous with any of the basic ‘A’ chromosomes.
iii. Their inheritance is non Mendalian.
iv. They are usually smaller than the ‘A’ chromosomes.
v. Generally they are genetically inert rarely organize nucleoli.
vi. When it present in higher number they suppress the vigour and fertility.
vii. Their origin and functions are largely unknown.

The most significant effect of ‘B’ chromosome is on seed and pollen fertility.
Flowering time is generally delayed by ‘B’ chromosomes and has negative
consequences for the organism as they have deleterious effect because of abnormal

crossing over during meiosis.



Ring chromosome

The chromosomes of higher organisms usually have two ends and do not form a
continuous ring. However, the chromosomes of lower organisms such as prokaryotes.
(E.coli) normally have ring shaped chromosomes. Often such chromosomes are
referred to as genophores, which are more than 1 mm in length and consists of a

single DNA molecule.

Chromosomes in higher organisms are not naturally ring shaped. However ring
chromosomes have been detected in humans, Drosphila and certain plant species.

Ring chromosomes were most thoroughly studied in maize by Mc Clintock.

Normal chromosomes do not form rings because they are believed to have
telomeres on each end. Telomeres prevent the union of chromosome arms into ring
formation. A chromosome can form a ring chromosome by fusion of the raw ends
only if it has two terminal deletions producing centric segment with two raw ends and

two acentric fragements.

A ring chromosome lacks the genetic information that was carried by the
terminally deleted fragments. Ring chromosomes are meiotically unstable and they

are associated with several syndromes.



Questions
1. Major genetic constituent of chromosome is
1) DNA i) RNA  iii)Histone proteins iv)Non histone proteins
Ans: i) DNA
2. Chromosome size is measured at
i) Mitotic prophase ii) Mitotic metaphase
11i1) Miotic Anephase 1v) Mitotic telephase
Ans: ii) Mitotic metaphase

3. Localized region of the chromosome with ------- spindle fibres are attached during

metaphase is called as
1) Telomere ii) Centomere
iii) Secondary construction iv) Nudeolar organizing region
Ans: ii) Centomere
4. Phenotypic appearance of chromosome is called as
1) Karyo type i1) Ideograms iii) Heterotype iv) Homotype
Ans: i) Karyo type
5. V shape chromosome is normally a
1) Telocentric 11) Holokinetic 1ii)Metacentric 1v)Acrocentric
Ans: iii)Metacentric
Say True or False
6. Circular shapes chromosomes are not present in living organism
Ans:False
7. B Chromosome are supernumerary chromosomes and are dispensable
Ans:True

8. Polytene Chromosomes are which significantly differ in structure and function

from normal chromosomes

Ans:True



9. Telomere prevent the fusion of one chromosome with other chromosome
Ans:Ture
10. Gene bearing portion of chromosome is called nucleosome

Ans: False



Lecture No. 6

Work of Mendel and his laws

Gregor Johann Mendel, father of Genetics was borne in 1822 to a family of poor
farmer near Brunn in Austria, now it is part of Czechoslovakia. During young age, his
education was seriously hampered by poverty and in order to continue his education
he entered the Augustinian monastery at Brunn and was ordained a priest in 1847. A
few years later, he was sent to the University of Vienna for training in physics,
mathematics and the natural sciences. Although his performance at the University was
not outstanding, his training provided him with many technical and mathematical
skills that were of value in performing his later experiments. After completing his
studies, he returned to Brunn in 1854 and he became a teacher and in 1857 began his
famous experiments on peas in the monastery garden. After seven years
experimentation he presented his findings before the Natural History Society of Brunn
during 1865. This paper was published in the annual proceedings of the society in

1866 entitled “Experiment s in plant