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Mitosis is the phase of the cell cycle where the nucleus of a cell is divided into two
nuclei with an equal amount of genetic material in both the daughter nuclei. It occurs
in all the somatic (body) cells. Mitosis is essential for the growth of the cells and the
replacement of worn-out cells. Abnormalities during mitosis may alter the DNA,

resulting in genetic disorders.

Interphase
Before entering mitosis, a cell spends a period of its growth under interphase.

It undergoes the following phases when in interphase:

G1 Phase: This is the period before the synthesis of DNA.
S Phase: This is the phase during which DNA synthesis takes place.
G2 Phase: This is the phase between the end of DNA synthesis and the beginning of

prophase.



Stages of Mitosis

Right before prophase, the cell spends most of its life in the interphase, where
preparations are made before the beginning of mitosis (the DNA is copied). However,
since the actual process involves the division of the nucleus, prophase is technically

the first stage of this process.

The different stages of mitosis occurring during cell division are given as follows-

1. Prophase
2. Metaphase
3. Anaphase

4. Telophase



Prophase

Nucleolar material disperses.

Centrosomes move to opposite ends of cells (in animal cells, centrioles involved)
Mitotic spindle forms - set of microtubules running from each pole to approximate
middle of cell, overlap with polar microtubules from other end.

Chromatin condenses, chromosomes appear as pairs of identical sister chromatids,
held together at centromere

Kinetochores appear at centromere region (one for each chromatid)

Chromosomes attach to kinetochore microtubules

Nuclear membrane disappears.

Prophase



Metaphase
« Microtubules from both poles manage to attach to kinetochores, pull chromosomes

into a line at middle of cell = equatorial plate

« Anatomy of metaphase chromosome: two identical chromatids, essentially two
separate chromosomes, but still attached at centromere.

» Certain drugs (e.g. colchicine) block separation of chromosomes. All mitotic cells

reach metaphase, stop = "metaphase arrest”.

Metaphase



Anaphase



Telophase

» Chromosomes arrive at poles

» Chromosomes decondense, return to tangled mass of chromatin

* Spindle disappears

* Nuclear membrane reappears

* Nucleolus reappears, ribosome synthesis begins

The telophase is followed by cytokinesis, where the division of the cytoplasm
takes place. The division in plants takes place due to a cell plate formation. In
animals, the cytoplasm separation starts by the plasmalemma getting furrowed
In the equatorial region, which results in the cytoplasm getting divided into

two daughter cells. This is the end of the cell division.

Telophase




Significance of Mitosis

1. Mitosis is responsible for the development of the zygote into an adult.

2. Equal distribution of chromosomes to each daughter cell.

3. It is responsible for the growth and development of an individual.

4. It maintains the constant number of chromosomes in all body cells of an
organism.

5. Mitosis is required for asexual reproduction, vegetative propagation in plants and
also responsible for repair and regeneration of damaged tissues.

6. Mitosis helps in maintaining purity of genome as no recombination or crossing
over takes place.

7. 1t 1s responsible for repair and regeneration of old and damaged cells in animals

e.g. gut epithelium, blood cells, etc.
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Meiosis

= Meiosis is a cell division in which four haploid cells are formed from a single
diploid cell.

= |t usually occurs in reproductive organs or gonads of the organisms.

= Meiosis is also known as reductional cell division because four daughter cells

produced contain half the number of chromosomes than that of their parent cell.

Meiosis has two nuclear division phases:

1. Meiosis-1 (Reductional or Heterotypic division)
2. Meiosis-11 (Equational or Homotypic division)

Meiosis-1 (heterolytic or Reductional division)

Meiosis-1 has four different phases or stages:

1. Prophase-I

2. Metaphase-|

3. Anaphase-|

4. Telophase-I



1. Prophase-I

It occupies the longest duration in Meiosis-I.

t is divided into five sub-stages or sub-phases.

. Leptotene

This phase starts immediately after interphase.

The size of cell and nucleus increases

The chromosomes appear long, uncoiled thread-like in structure bearing many
bead-like structures called chromomeres.

The nuclear membrane and nucleolus remain as it is.

Il. Zygotene

Homologous chromosomes come closer and starts to pair up along their length.
The pairing of homologous chromosomes is called Synapsis and the paired
homologous chromosomes are referred as bivalents.

The homologous chromosomes are held together by ribonuclear protein between



li. Pachytene

The chromosome become shorter and thicker.

Each chromosome of the bivalents splits longitudinally to form two chromatids
such that bivalents is composed of four strands and is known as a tetrad.

The process of crossing over starts (crossing over; a small fragment of
chromosome exchange between two non-sister chromatids of bivalent by
breakage and rejoining).

Crossing over is the most important genetic phenomenon of meiosis which

causes variation in genetic characters in offspring.



iv. Diplotene

 In this stage crossing over takes place.

« Bivalents (chromatids) repel each other.

« Homologous chromosome (two non-sister chromatids) begins to separates but
separation is not complete, they remains attached to a point with a knot like
structure called chiasmata (singular — chiasma).

» The number of chiasmata varies. Depending upon the number of chiasmata,
chromosome appears different shape.

« 1 chiasmata: cross like

« 2 chiasmata: ring like

* Many chiasmata: series of loop

* Nuclear membrane and nucleolus begins to disappear.



v. Diakinesis

The chiasma moves towards the end of the chromosomes (tetrad) due to
contraction of chromosomelastly slips over separating the homologous
chromosome. This movement of the chiasmata towards the end of
chromosome is called terminalization.

By the end of diakinesis the nuclear membrane and nuleolus get completely
disappeared and the chromosomes are free in the cytoplasm.

Spindle fibres begin to form.






Metaphase |




Anaphase |
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Cytokinesis |
» Cytokinesis may or may not follow nuclear division (meiosis-I Cytokinesis occurs

by cell plate formation method in plant cell and furrowing method in animal cells).

Interphase Il or Interkinesis

» The two cells or nuclei thus formed pass through a short stage called interphase-IlI.
Sometimes, interphase-II is absent.

|t is the resting phase between meiosis-1 and meiosis-II.

It is either very short or may be absent

« No DNA synthesis occurs.



Meiosis-11 ( Homolytic or equational division)

» Meiosis-11 is exactly similar to mitosis, so it is also known as meiotic mitosis.

» In this division, two haploid chromosome splits longitudinally and distributed
equally to form 4 haploid cells.

It completes in 4 stages.

1. Prophase-II

2. Metaphase-II

3. Anaphase-I|

4. Telophase-II

1. Prophase-I1:
» The dyads chromosome becomes thicker and shorter.
* Nuclear membrane and nucleolus disappear.

« Spindle fibre starts to form.



2. Metaphase-I1:
The dyads chromosomes comes to equatorial plane.

Spindle fibres organize between poles and attaches to centromere of chromosome.

3. Anaphase-IlI:

» Centromere of each chromosome divides and sister chromatids separates to form
two daughter chromosome.

» Spindle fibre contracts and pull the daughter chromosome apart towards opposite
pole.

4. Telophase-IlI:

« Chromosome become organize at respective pole into nuclei.

« Chromosome elongates to form thin networks of chromatin.

* Nuclear membrane and nucleolus reappears.



Cytokinesis-I11:

The result of cytokinesis is four haploid daughter cells (gametes or spores).
Cytokinesis takes place by cell plate formation in plant cell

Successive methods: cytokinesis followed by each nuclear division resulting in

4 haploid cells. Eg. Monocot plants

Simultaneous methods: cytokinesis occurs only after meiosis-I1 to form 4 haploid
cells. Eg. Dicot plants

In animal cells, cytokinesis occurs by furrow formation or depression.
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Significance of Meiosis

1. Meiosis helps to maintain a constant number of chromosomes by reducing the
chromosome number in the gametes

2. Essential for sexual reproduction in higher animals and plants

3. Meiosis helps in the formation haploid gametes and spores for sexual reproduction.
4. Number of chromosome remain fixed in a species from generation to generation

5. Crossing over occurring brings genetic variations in offspring which helps in
evolution of organisms.

6. Failure disjunction in Meiosis leads mutation to the formation of polypoid forms.

7. The random distribution of maternal and paternal chromosomes takes place into
daughter cells during meiosis and it is a sort of independent assortment which leads to

variation.



