
CELL DIVISION

TWO TYPES

1. MITOSIS

2. MEIOSIS

MARS Learning Centre



EPITHELIUM OF SKIN
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Chromosome-number
( HUMANS )

(MATERNAL

CHROMOSOMES,haploid )

( PATERNAL
CHROMOSOMES
haploid )

DIPLOID CHROMOSOMES
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Chromosomal number: ( comparison )

Cabbage: 20

Certain species of mosquito: 6

Ferns: 1000

The number of chromosomes has no relationship to the size or complexity 

of an organism.
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CELL CYCLE
Is an orderly sequence of events in which a somatic cell duplicates  its  contents
and divides  in two.

In somatic cells that are dividing,
the cell cycle is the period 
from the beginning of one division 
to the beginning of the next division.

OR



GENERATION TIME
The time it takes to complete one cell cycle is the generation time.

Time varies widely

Generation time for bacteria can be as short as 20 minutes

For plants and animals , generation time may be several hours or
longer

A yeast cell completes cell cycle in about
90 minutes.

Human cell completes cell cycle in about
24 hours.
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CELL CYCLE

INTERPHASE

( RESTING PHASE )
(  When a  cell is  not
dividing  )

MITOTIC (M ) PHASE

( When a cell is dividing )

2 PERIODS

Note :

Eukaryotic cells divide once in approximately  every 24 hours

Yeast  divides in 90 minutes
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INTERPHASE ( resting phase )
Interval between two successive mitotic divisions
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INTERPHASE
During interphase the cell replicates its DNA

Produces  additional  organelles  and cytosolic components

Is   a  state  of  high  metabolic  activity :  during  this time that the cell  does  most

of its growing.
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M- PHASE ( MITOSIS )

M - phase represents the phase when the actual cell division or mitosis  occurs.

Interphase represents the phase between 2 successive M phases.

Cell division proper lasts for only about an hour.

Interphase lasts more than 95% of the duration of cell cycle.
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MITOTIC PHASE
RESULTS IN THE FORMATION OF  2  IDENTICAL  CELLS

MITOSIS ( KARYOKINESIS )                         CYTOKINESIS

(  NUCLEAR  DIVISION )                                              ( CYTOPLASMIC  DIVISION )

It is a type of division in which chromosomes become equally distributed to 

the two daughter cells so, mitosis is also called EQUATIONAL DIVISION.

Mitosis was first observed by Strasburger in plant cells.

in animal cells it was observed by Boveri and Flemming. Term

mitosis was given by Flemming.



MITOSIS  (  M PHASE )

Somatic cells  divide by mitosis

Daughter cell receives diploid 
number of chromosomes ( 46 chromosomes )

Interphase is the interval between 
two successive mitotic division

Also called as  EQUATIONAL DIVISION

CHARACTERISTIC FEATURES

The cell undergoing mitosis is called MITOCYTE which can be haploid or diploid.
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STEPS IN MITOSIS

KARYOKINESIS

1. PROPHASE 

2. METAPHASE

3. ANAPHASE

4. TELOPHASE
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CENTROMERE - A  constricted  region called  a  centromere
holds  the  chromatid  pair  together.

Or

The centromere is the specialised DNA  sequence of the chromosome
that links a pair of sister chromatids . 

KINETOCHORE - At the outside  of each  centromere  is a protein  complex
known as kinetochore.
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MITOSIS

PROPHASE 

Mitosis begins in this phase

Chromatin gets coiled and becomes

rod like. 

Each chromosome now consists of two parallel subunits called 

chromatids, which remain joined at centromere. But the chromatids cannot be 

recognised at this stage

The centrosome which had undergone duplication during S phase of interphase, 

now begins to move towards opposite poles of the cell in an animal cell.

Microtubules are formed and form a spindle

Nuclear membrane breaks down 

Nucleolus disappears

Clusters of
microtubules
are called as ASTERS.
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Cell at the end of prophase, do not show

Golgi complex

Endoplasmic reticulum

Nucleolus

Nuclear envelope

Spindle fibres are organized with the help of CALCIUM BOUND PROTEIN
called CALMODULIN PROTEIN both in plant and animals.

PLEASE NOTE:
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MITOSIS

METAPHASE

Chromosomes arrange
themselves at the equator of the cell
between the two centrioles

The plane of alignment of the chromosomes
at metaphase is referred as metaphase plate  (  equatorial Plane )

Spindle fibres are attached to kinetochores of chromosomes.

CHROMOSOMES CAN BE OBSERVED CLEARLY AT THIS STAGE

CHROMOSOMES
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MITOSIS

ANAPHASE

Centromeres of all chromosomes
divide

Two chromatids become
independent chromosomes ( DAUGHTER 

CHROMOSOMES ) 

Chromatids  move to  opposite  pole in   v
shaped manner, centromeres lead the way.

It is the SHORTEST PHASE.
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MITOSIS

TELOPHASE

Nuclear membrane
reappears

Spindle fibres disappear

Chromosomes Uncoil and become less compact (Indistinct)

Nucleoli  , golgi complex  and  ER  reappear

Cytoplasm divides ( CYTOKINESIS )
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CYTOKINESIS

Division of cell’s cytoplasm  and  organelles  into  two identical 
cells  is  called  cytokinesis.

Cytokinesis is not a part of telophase.MARS Learning Centre



CYTOKINESIS

Process begins in late anaphase  and  completed  after  telophase

Appearance of  CLEAVAGE FURROW

Actin  microfilaments that lie just 
inside the plasma membrane form
a Contractile  ring that  pulls the  
plasma  membrane  inward.
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SIGNIFICANCE OF MITOSIS
1.Growth: Somatic cells are formed by mitosis. So, mitosis is essential for the growth 
and development of multicellular organisms.

2. Reproduction: Mitosis is the method of multiplication of unicellular organisms.

3.Repair: It is the method of replacing old or worn out cells.

4. Maintenance of chromosome number: Mitosis involves replication and equitable 
distribution of all the chromosomes so that all the cells of multicellular organisms 
have same number and type of chromosomes. This helps in proper coordination 
among different cells.

5. Regeneration: Mitosis keeps all the cells of an organism genetically similar, 
resembling the zygote. Therefore, they are able to regenerate part or whole of the 
organism.

6.Nucleo- cytoplasmic ratio: An active and efficient cell has a high nucleo-
cytoplasmic ratio. Increase in cell size lowers this ratio. A high nucleo-cytoplasmic 
ratio is brought back through cell division. 
7. Surface area: Volume ratio: An overgrown somatic cell is used is induced to divide 
so that mitosis helps in maintain a proper surface area : volume ratio.

8. Cancer: Uncontrolled mitotic division leads to cancer.
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MEIOSIS

Occurs during gamete
formation

Daughter cell consists of
haploid number of 
chromosomes

Genetical information
not identical

Involves first and second
meiotic division, but only
a single cycle of DNA
replication.

Four haploid cells are formed 
at the end of meiosis II

REDUCTION  DIVISION

CHARACTERISTIC FEATURES

Meiosis was first observed by
Van Beneden and Strasburger.

The term meiosis was coined by 
Former and Moore.



FIRST MEIOTIC DIVISION

PROPHASE 1 

METAPHASE 1

ANAPHASE 1

TELOPHASE 1
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PROPHASE 1

LEPTOTENE

ZYGOTENE

PACHYTENE

DIPLOTENE
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LEPTOTENE

The chromosome is visible, but the two chromatids cannot be 
distinguished. They gradually become thick and short.

Nuclear envelope and nucleolus is present.
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ZYGOTENE
During this phase, chromosomes start pairing together and this process is called
SYNAPSIS. Such paired chromosomes are called homologous chromosomes.

Synapsis is accompanied by the formation of a RIBONUCLEOPROTEIN called 
SYNAPTONEMAL COMPLEX.

The complex formed by a pair of synapsed homologous chromosome is called a 
BIVALENT.

Synaptonemal complex: A protein 

structure that forms between two 
homologous chromosomes during 
meiosis and that is thought to mediate 
chromosome pairing, synapsis, and 
recombination



PACHYTENE
During this phase, the four chromatids of each bivalent chromosomes become
distinct and clearly appears as TETRAD.

The stage is characterised by the appearance of RECOMBINATION NODULES, the sites
at which crossing over occurs between Non-sister chromatids of the homologous
chromosomes.

Crossing over is mediated by RECOMBINASE.

Crossing over leads to recombination of genetic material on the two chromosomes.

Recombination between homologous chromosomes is completed by the end of
pachytene, leaving the chromosomes linked at the sites of crossing overs.
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DIPLOTENE

The beginning of diplotene is recognized by the dissolution of the synaptonemal
complex and the tendency of the recombined homologous chromosomes of the
bivalents to separate from each other except at the sites of crossovers.

The sites of cross-over which is visible and appear ‘X’ shaped are called CHIASMATA.
Chiasmata are the results of crossing over and the not the cause of crossing over.

In the oocytes of some vertebrates, diplotene can last for months or years and is
specially called DICTYOTENE.
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DIAKINESIS
FIFTH AND LAST STAGE OF PROPHASE OF MEIOSIS

This is the final stage of meiosis I which is marked by terminalization of chiasmata.

During this phase the chromosomes are fully condensed and the meiotic spindle 
is assembled to prepare the homologous chromosomes for separation.

By the end of diakinesis, the nucleolus disappears and the nuclear envelope
also breaks down.

Diakinesis represents transition to metaphase.
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METAPHASE 1

Bivalent chromosomes align 
themselves on two equatorial 
plates.

Each chromosome possess two
chromatids.

Each equatorial plate contain 
half the number of chromosomes
as compared to the number of
chromosomes in the diploid parental
cell.
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ANAPHASE 1
The homologous chromosomes separate.
This process of separation is called DISJUNCTION.
The separated chromosomes are UNIVALENTS.

Each chromosome possess two chromatids ( but during mitotic anaphase each
chromosome possess one chromatid )

The separated chromosomes move towards opposite spindle poles. 
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TELOPHASE 1

The nuclear membrane and nucleolus reappears.

Each nucleus now contain haploid number of chromosomes.
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CYTOKINESIS

It occurs after telophase I

Cytokinesis produces two haploid daughter cells ( DYAD OF CELLS ).

Each chromosome in the daughter cell possess two chromatids.
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INTERKINESIS OR INTRAMEIOTIC INTERPHASE

It is the stage between meiosis I and meiosis II , and is metabolically active.

RNA and protein synthesis occur.

Centriole pairs undergo replication in animal cells.

DNA replication do not occur, because the chromosomes of daughter cells have 
2 chromatids. 
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MEIOSIS II

Meiosis II Resembles a normal mitosis but always starts in a haploid
cell.

It includes the following phases:

PROPHASE II

METAPHASE II

ANAPHASE II

TELOPHASE II
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PROPHASE II

The nuclear membrane disappears at the end of this phase

The chromosomes again become compact
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METAPHASE II

The chromosomes align at the single equatorial plate. Each  chromosomes possess
two chromatids.

The microtubules from opposite poles of the spindle get attached to the 
kinetochores of sister chromatids.
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ANAPHASE II

It begins with the simultaneous splitting of the centromere of each chromosome 
( which was holding the sister chromatids together )

Each chromosome now possess single chromatid which moves towards opposite 
spindle poles.
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TELOPHASE II

Meiosis ends with telophase II

Two groups of chromosomes get enveloped by a nuclear membrane.
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CYTOKINESIS

It occurs after telophase II

As a result of cytokinesis four haploid cells are formed.

Each chromosome in the daughter cell possess single chromatid.
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SIGNIFICANCE OF MEIOSIS

1. Maintenance of chromosome number

2. Gamete formation

3. Genetic variation
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AMITOSIS
It was discovered by REMAK

AMITOSIS or DIRECT CELL DIVISION is a method of asexual reproduction/ propagation
in unicellular organisms like bacteria and protozoans ( eg., binary fission ). It also
occurs in mammalian cartilage cells, foetal membrane, diseased cells and old cells.
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AMITOSIS

In this type of cell divison, first the nucleus elongates.

Later, a constriction appears in the nucleus which gradually gets
divided into two daughter nuclei.

Finally, a constriction appears in the cytoplasm which deepens and results 
in the formation of two daughter cells each with one nucleus.

During amitosis, nuclear envelope remains intact, spindle fibres
are not formed and distinct chromosome formation does not
occur.
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HOMOLOGOUS PAIR OF CHROMOSOMES:

These are a set of one maternal and one paternal chromosome which have the 
same linear sequence of genes.

BIVALENT:

Is a pair of homologous chromosomes and found during zygotene. Here, two 
non sister chromatids remains paired and other two non - sister chromatids are 
separate.

TETRAD: 

Is a pair of homologous chromosomes with four visible chromatids and can be 
observed during pachytene.

DYAD:

Is one chromosome with two chromatids.

MONAD: Is one chromosome with one chromatid.



THANK YOU
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