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®  All multicellular organism start life as a single cell, the
fertilized egg and grow by addition of new cells. The
phenomenon of production of daughter cell from parent
cell is known as cell division or cell replication.

®  Cell reproduction has three major parts ~ first, involves
replication of parental DNA; second, separation of
duplicated DNA into two equally sized groups of
chromosomes and third, division of entire cell.

CELL CYCLE

e The sequence of events by which a cell duplicates its

genome, synthesizes other cell contents and eventually
divides into two daughter cell is tenned as cell cycle. All
the events of cell cycle occurs in a co-ordinated manner
and are under genetic control.

® A typical eukaryotic somatic cell has two main stages : a
long undividing stage called interphase (I-phase) and a
shorter nucleus dividing stage called mitotic (Vi-phase)
phase. These two main phases are followed by a still
shorter phase of cytoplasmic division called cytokinesis
(C-phase).

e Interphaseisthemetabolically activestageandis a period
ofintense synthesis and growth. This phase is dividedinto
three periods - first gap phase (G,-phase), synthesis phase
(S-phase) and second gap/growth phase (G,-phase).

@ Gy phase is a stage of initial growth of a newly formed
cell in which the cell carries on active metabolic activities
inpreparation for DN Areplication. In Gi-phase, a cell has
three options : to continue cell cycle and enter S-phase,
stop cell cycle and enter G, phase for undergoing
differentiation and get arrested in G;-phase when it may
enter Gy phase or re-enter cell cycle.

#  Some cells such as nerve cells and erythrocytes that do
not divide further exit G; phase to enter an inactive stage
called quiescent stage (Gg) of the cell cycle. They remain
metabolically activebutno longer proliferate unless called
on to do so.

e  Sorsynthesis phase marks the period during which DNA
synthesis or replication takes place. During this time the
amount of DNA per cell doubles. If the initial amount of
DNA is denoted as 2C then it increases to 4C. However,
there is no increase in the chromosome number.
In animal cells, during the S phase, DNA replication
begins in the nucleus, and the centriole duplicates in the
cytoplasm.

e G phase is a stage of further growth of the cell and
preparation for its division. During this stage, synthesis
of RN As and proteins continue.

® The M-phase is itself composed of two tightly coupled
processes ; karyokinesis in which the cell’s chromosomes
aredivided between the two daughter cells and cytokinesis,
in which the cells’ cytoplasm divides in half forming
distinct cells.

@ Activation of each phase is dependent on the proper
progression and completion of the previous one. Thus
the correct sequence of these phases in cell cycle is
Gi1--8S->G,-> M.

(Secfxnd
growth phase)
RNA and protein
synthesis, formation of
macromolecules

S
(Synthesis phase)
DNA duplication, histone
synthesis, growth of nucleus,
replication of chromosomes,
centrioles replication

(First growth phase)

ATP, nucleotides, amino

acids, RNAs and protein
synthesis, growth of nucleus

I-phase
Fig.: Cell cycle

MITOSIS

e  Mitosis involves the exact replication of parent cell
followed by its division into two daughter cells which are
identical and contain the same number of chromosomes
as in parent cells.

® Itwasfirstobserved by Strasshurger (1870) in plant cells
and Fleming (1882) in animal cells. Flemming used the
term mitosis (Gk. mitos = thread).

@ In plants mitosis occurs in the meristema#c cells of root
or shoot tip.

e  Mitosis is divided into four stages as given in the flow chart

Significance of mitosis
—  Production of diploid daughter cells with identical
genetic complement.

—  Cell division helps to restore the nucleo-cytoplasmlc
ra%io.

~  OId or worn-out cells are replaced by new cells
formed through mitosis.

—  Helps to increase the number of cells within an
organism.
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Prophase
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Metaphase

Usually the longest phase of division.
Shortening and thickening of
chromosomes.

Chromosomes composed of two
chromatids heidtogether bya centromere.
Nuclear envelope and nucieali disappear.
Formation of spindle.

- Chromosomes line up around the equator of
the spindie or get aligned along metaphase
plate or eauatorial plate through spindle
fibres tobath poles.

- Spindle fibres (microtubules) attach to
kinetochares of chromasomes.

- Best phase to count and study the number
and morphology of chromosomes.
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Anzphase Telophase

— The centromeres split into two and the _ Areversal of prophase.
spindle fibres pull the daughter centromeres _ Chromosomes become decondensed,
toopposite poles. uncoiled andform chromatin.

— The separated chromatids are pufled along _ Nuclear envelope, nucleolus, Golgi complex
behindthe centromeres.

and ER reformed.
_ Twodaughter nuclei formed at two poles.

air of centrioles

Chromatids are

Muclear envelope o pulled apart, .
Nucleous Spindle fibres centromeres first Nudear ef‘vel‘jp? )
Pair of chromatids (microtubules) Cytokinesis beginning
(chromosome) Centromeres on 3 | . {division of the cell)
Centromere "equator of spindie’ Anaphase ' neizona tores
Prophase Telophase
Metaphase i
Fig. Phases of Mitosis
MEIOSIS
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Meiosis is a specialised kind of cell division that reduces
the chromosome number by half which results in the
production of kaploid daughter cells. It ensures the
production of haploid phase in the life cycle of sexually
reproducing organisms whereas fertilisation restores the
diploidphase. Meiotic events can be grouped into different

phases as given in the flow chart. The key features of
meiosis are as follows:

Meiosis involvestwo sequential cycles of nuclear and
cell division called meiosis I and meigsis [T buthave
only a singie cycle of DNA replication.

Meiosis
|
Involves 2 sets of division
Meiosis | Meiosis i1
(called reductiona! division) (called equational division) -
Also called heterotypic division, also called homotypic division,
because it brings about change meantformaintaining hapioid number
from diploid to haploid state .
n Subdivided into 4 phases
Subdivided into 4 phases . I
| M | [ |
& ¥ ¥ ¥ Prophase Il Metaphaseli  Anaphasell Telophase li
—
! [ e .
(Lonprgfgi;; . lex) Al:ﬂetaphaste : ¢ I’:jlgvaepn‘:ear?tec:f N g: r%pr:gii mes Allthese phases are similarto the phases of mitosis. Exception is that
9 P rangements o R | these processes occur in two haploid cells and hence result in four
v chromosomes at homologous without elongate. haoloid daughter cells
Divided into 5 stades equator & maximum centromere « Formationoftwo AP g -
wiceat g condensation of breakage, nuclei form. haploid cells
chromosomes. Gene codes differin all 4 cells
L 3 l Resuits in
v ¥ P v v Gametes
Leptotene Zygotene Pachytene Diplotene Diakinesis (T‘é"homg:‘:g;se;ﬁg‘giebggl‘!)"f
* Beaded, long * Chromosome becomes * Longest stage (because Bivalents repels = Termina!|§ation ocaurs
chromosomes. shorter and thicker. ittakes timeto crossover). each other. (the terminal chiasma

. & Tetrad now clearly appears

as spirally arranged

% Chromosomes
shows bouguet

Bivalents or tetrad (paired
homologous chromosomes)

slips off the ends of the
chromosomes and its
position is taken by an

Chiasmata (sites
of crossing over)

° Fertilisation

Forms completely new set of

oints strongly
arrangement. areseen. chromosomes of P _ n s
+ Synapsis or syndesis (paiing  homologous pair. appeared. interstitial chiasma). for ox ChVQOT]OSCOOfT;:-iS over
of chromosomes)occurs. = Crossing over o In oocytes of some ¢ Nuclear membrane .dis- expression, crossing ove

{recombination) occurs.

This stage is characterised
by the appearance of
recombination nodule.

4

Bivalents form synapto-
nemal complexes to
stabilise paired condition of
chromosomes.

centrioles |
\4
Source of Variations

appears,
migrate to poles and
spindle fibres begin to
form.

vertebrates, it can
last for months or
years.

Involves mutual exchange of the corresponding segments of
non-sister chromatids of homologous chromosomes.

Flow chart : Phases of Meiosis.
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—  MeiosisIisinitiated after the parental chromosomes
have replicated to produce identical sister chromatids
at the S phase.

" ﬂ---— Chromosomes

Fig.: Leptotene

Cell membrane

Muclenls

Fig.: Diakinesis

Anaphase Il

— Meiosis involves pairing of homologous
chromosomes and recembination between them.

—  Four halpoid cells are formed at the end of meiosis
IL

homologous
chromosomes

Crossing over

Fig.: Diplotene

Chromosomes

Centriole

Telophase Il Daughter cells

Fig.: Different stages of meiosis in animal cell

Prophase il Metaphase |l
Homologous
chromosomes
Kinetochore (wide apart)

1. Leptotene Homologous
B chromosomes
(synapsed)
Bivalent { WJ
. 2. Zygotene -
Sister
chiomatids
Sister e
chromatids Kinetochores

3. Pachytene

Monsister
chromatids

chromatid

= Cross-over
chromatids
MNoncross-over

4. Crossing-over chromatids

{in pachytena)

m Chromosomes
__-ﬁ[m__-

Sag?? Chromosomes

Homoiogous

5. Anaphase 6. Telophase

Fig.: Behaviour of chromosomes in meiosis | including crossing over
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Tabje : Differences between mitosis and meiosis

1. | The cell divides only once.

There are two cell divisions, the first and the second meiotic

divisions.

2. | Mitosis takes place in the somatic cells of the body.

Meiosis takes place in the germ cells.

DNA replication takes place during interphase I.

DNA replication takes place during interphase I but not during
interphase II.

4. | The duration of prophase'is short, usually of a few
hours.

Prophase is comparatively longer and may take days.

5. | Thereisno synapsis.

Synapsis of homologous chromosomes takes place during |
prophase.

6. | The two chromatids of a chromosome do not exchange
segments during prophase.

Chromatids of two homologous chromosomes exchange
segments during crossing over.

7. | A synaptonemal complex is absent.

| complex.

Synapsed homologous chromosomes develop a synaptonemal

8. | Crossing over is absent.

Crossing over or exchange of similar segments between
nonsister chronzatids of homologous chromosomes usually takes
place during pachytene stage.

9. Chiasmata are absent.

Chiasmata or visible connections between homologous
chromosomes of bivalent are observed during diplotene,
diakinesis {prophase I) and metaphase I

10. | Division of the centromeres takes place during anaphase. | There is no centromeric division during anaphase I. Centomeres
divide only dvring anaphase IL
11. | Anaphasic chromosomes are single swanded. Chromosomes are double stranded in anaphase I but single
| stranded in anaphase L.

| , ; .

12. | The chromosome number remains constant at the end | The chromosome number is reduced from the diploid to the
] of mitosis. haploid.

13. | The genetic constitution ofthe daughter cells is identical | The genetic constitution of the daughter cells diffiers from that

to that of parent cells.

of the parent cell. The chromosomes of daughter cells usually
contain a mixture of maternal and paternal genes.

] 14. I Mitosis helps in mulplication of cells.

Multiplication of cells is not involved. !

N 15. ‘ Mitosis takes partin healing and repair.

Meiosis takes part in the formation of meiospores or gametes and
mainitenance of chromosome number of the race.

Significance of meiosis
—  Leadstotheformation of sex cells or gametes capable
of engaging in fertilisation.

—  Provides opportunities for new combination of genes
to occur in the gametes by two ways — independent
assortment of chromosomes and crossing over.

— Switches on the genetic information for the
development of gametes and switches off the
sporophytic informations. '

-  Chromosomal and gene mutations can take place by
irregularities of meiotic divisions.
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CONCEPT MAP
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between two

Nondividingphase.
® ¢ Also called intermitesis (period

preparatory phase or energy phase.

mitotic cycles) or

Periodof maximumgrowth.
Take place at the end of cell
division.

RN A&proteinsynthesizes.
Durationvaries from cell to cell.

! S-phase_}

Alsocalledsynthesisphase.
DNAreplicaton.
Duration: 7 hour

DN Asynthesis stops.
Macromolecules synthesis.
Nuclearvolume increases.
Duration: 2to 5 hours.

M phase.

“t Actual dividing phase.

Also called direct cell division.
Occurs without formation of
spindle and appearance of
chromosomes.

No differentiation.

—p| Karyoldnesis ... 7 ¥
(Nuclear division):, .- |
I‘ §_ Prophase
@ » Metaphase
2=
g E Anaphase
Involves two types . Telophase

Itis an equational division
in which parent cell divides
into 2 identical daughter
cells.

Itis reductional division in
which parent cell (diploid

cell) divides into 4 haploid
cells. :

— Plant cell by cleavage and

-— Amimal cell by cleavage
and cell plate formation

cell plate formasion




