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CELLCYCEE

After studymg thlS chapter students wull be able to

o Cempare the processes of m:tos#s and mEIQSIS
° Qutlme the srgmﬁcam“e ef mftas:s and meto g o

The cell follows a regulasseri \% e “cell cycle” during its life.
This series includes sta owth, preparatlon, and cell division. The
process of i5ion may happen in two way ie., mitosis (cells make
identical copies of themselves) or meiosis (cells produce special cells with half
the genetic material, needed for reproduction). Mitosis is essential for growth
and repair in the body, while meiosis is vital for creating reproductive cells like
eggs and sperm. Together, these processes keep living organisms growing,
healing, and passing on traits to the next generation. In this chapter, we will
explore the events of the cell cycle and cell divisions i.e., mitosis and meiosis.

4.1- CELL CYCLE
It is the series of events that take place in a eukaryotic cell ts formation
¢ divided in two

to its division into two daughter cells. 2 \3 (I

main phases i.e. interphase and t
Q

Interphase Q“m

This phase about 90% of the total time of cell cycle. During

interphase, the cell performs the life functions according to its specialty and
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S | - cEucycE
prepares itself for next division. Interphase consists of th wing three
phases:

©

O

G1 Phase (First Gap Phase): wo@the Mitosis phase. It is
also called the gro @ this phase cell makes proteins and
organelles and rc ze. Cell also makes enzymes that are required in
S phase Wﬁ@ﬁﬁcation of DNA.

S Phase (Synthesis Phase): During this phase, the DNA of each chromosome
is replicated (copied). It results in the duplication of chromosomes (each
chromosome consists of two sister chromatids). The total number of
chromosomes in cell remains the same.

G2 Phase (Second Gap Phase): In this phase, the cell continues to grow and
produces proteins necessary for cell division. The cell checks for any DNA
damage that may have occurred during replication and makes necessary
repairs. It also begins to reorganize its contents in preparation for mitosis.

Centromere

1 Chromatid

2 Chromatids
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After interphase, the cell : SR
enters the division phase =~ ~
and divides into the Many &lis st
daughter  cells.

s) remain in GO for indefinite perlods Some cell (e g.
events of ce :
- cells of liver and kidney) remain in GO phase temporarily. ,

controlled special | - Other cells (e.g. epithelial cells) do not enter GO andl

genes. All phases el contlnueto divide throughout life.
in a sequence. :

....................................................

Table: Maln Phases in Eukaryotlc CeII Cyle

Phase e --_._:_._"Description _ _
‘The cell prepares for drwsnon and goes through growth in size and

lntorphm | DNA replication. -
Gap 1 (G1) The cell grows in size and carries out normal functions. It prepares for
Phase DNA replication.
Synthesis (S) | The cell replicates its DNA, making an exact copy of its genetic
Phase material. R IR

Gap 2 (G2) The cell grows further. Cell e ures r @Meucomplete
Phase for division. r-\ O ﬂ

Gap 0 (GO) The ¢ its 8’ ing, often to carry out
Phase _ | spea i& xi?qc‘ap aII cells enter this phase).

its t:c m terll all to two new, identical
MPhase es gene aterial equally in 0 new, i tloa

AN
=

4.2- MiTosIs

Mitosis is the type of cell division in which a cell divides into two daughter
cells, each with the same number of chromosomes as were present in the
parent cell. Mitosis occurs in the somatic cells of eukaryotes. Prokaryotes also
divide to make identical cells. But the events of their division are different
from mitosis. That is why we call it binary fission.

Phases of Mitosis

The German biologist, Walther Flemming dlscovered the events W}oss in
1880s. There are two major phases of tosus
cytokinesis.

A. Karyokinesis: Karyo |V|5|on of the nucleus. it is further
divided into four
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i. Pro ﬁase
P O

During prophase, the @ﬂial condenses and makes

thick visible chro chromosome consists of two sister

chromatids a ™ a single centromere. The nuclear envelope and
nucleolu down during prophase.

The centrosome of cell duplicates into two. The two centrosomes migrate to
opposite side of the nucleus. When they are migrating, they make a network
of microtubules called spindle fibres (complete set is called mitotic spindle).
In plant cells, there is no centrosome. Their mitotic spindle is formed by the
aggregation of spindle fibres present in cytoplasm.

ii. Metaphase

During this phase, some spindle fibres bind with chromosomes. They attach at
the point of centromere where special kinetochore proteins are ent,

Two spindle fibres from both sides_ bind_ wj @O@@mosome. The
chromosomes attached with spin @@ themselves along the

equator of the cell. In @“m med called metaphase plate.
i\
W‘N} Nucleolus

Chromatin
Daughter cells

Centrosome

Spindle

Kinetochore

Chromosome
~Prophase (2 chromatids)

Attached
spindle

1 -
g{d‘ <

{
‘ ‘L Free spindle

o=

FIGURE 4.2: Phases of mitosis
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iii. Anaphase
The spindle fibres attached with chromosomes pull toward th s. Due to

this pulling, the chromosome's S|ster chromatids ay, there
are two similar sets of chromatids, &%@@ poles of the cell.

iv. Telophase m
In this phasew ope forms around each set of separated

chromosomes cleolus reforms. Both sets of chromosomes unfold back
into chromatin.

B. Cytokinesis: It is the division of cytoplasm. In animal cells, a furrow
develops in the cell membrane at the equator. At this furrow, the cytoplasm
has a ring of microfilaments. The ring contracts and the furrow moves
inward. In this way parent cell is pinched into two.

In plant cells, Golgi apparatus makes vesicles. These vesicles move to the
middle and fuse to form a plate called phragmoplast. The plate grows
outward and its membranes fuse with the cell membrane. The result is two
daughter cells.

Cleavage furrm@ @@\N Je\d

Ring of Daughter cells

Cell wall Cell plate

Y

I \ \élm sis: (a) in animal cell (b) in plant cell
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Significance of Mitosis
Growth: Growth in organisms means an

increase in size. It occurs due to @:r dse m ? °f sbout 200 trlon
\ | hese cells were formed from a '

in the number of cells, Mita!
ing ne i single cell (zygote) at the start of your !

crucial role in growt a«n
9 hfe Millions of cell divisions occurred'

cells that ar | he Orlgmal Ce”S whlle your body was reaching itsi

Cell Replacement: Many cells are | present form. In each of these divisions !
constantly dying in our bodies. For | the genetic material was equally:
example, the red blood cells and the cells | dlstnbuted between the daughter cells.
of the walls of intestine and skin etc. -!t haPPeneCl through mitosis. e
These are replaced by new ones which | ‘

.-.-._..‘

Regeneration: Some animals can
régenerate parts of the body. For this
purpose, they form new cells by
carrying out mitosis in the cellsoofc(/\

Q

remaining parts. Q :

O : '
Asexual reproducti ﬁ ' IS a | arm regenerated .
means for uction. For FIGURE 4.4: Regeneration in sea star
example, a reproduces asexually

by budding. During this process
mitosis forms a mass of cells called
bud on the surface of Hydra. Mitosis
continues in the cells of the bud and it
grows into a new individual.

Bud

New
Hyd ra |

FIGURE 4.5: Budding in Hydra

Errors in Mitosis
Sometimes the process of mitosis

goes wrong. For example, during the anaphasE g@l the sister

chromatids of a chromosome may fgll t ult, one daughter

cell receives both sister chro @ ther will receive none.
Chromosomes may also uring mitosis.

If the genes Wfb mitosis are mutated (changed), the cells continue to
divide. Due to this uncontrolled division, masses of cells are formed. These
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masses are called tumors. If the tumors remain i tion, they
are called benign. If they mi rat@a es they are called
malignant tumors Qf& sis(spreading of disease).
4.3- Mk

It is the type of cell division in which each daughter cell receives half the
number of chromosomes as compared to the parent cell. In meiosis, a diploid
parent cell divides to produce four haploid daughter cells. Diploid means the
cells in which chromosomes are in pairs (homologous pairs) while haploid
means the cells with half number of chromosomes i.e., cells with no pairs of
chromosomes.

Phases of Meiosis

Meiosis was discovered in 1876 by a German biologist Oscar Hertwig. Meiosis
consists of two divisions i.e., Meiosis-I and Meiosis-II.

Meiosis-| @@m
In meiosis-I, the homologou O @g @Wplmd cell separate and so

two haploid daug ﬁ@ g-. dced. It is subdivided into prophase-|,
metapW telophase-I.

Proph !

During this stage, chromatin condenses and takes the shape of chromosomes.

Fach chromosome consists of two sister chromatids, because the DNA has
already replicated before meiosis.

Homologous chromosomes move close together. They pair up in a process
called synapsis. Each pair of homologous chromosomes is called tetrad.
Non-sister chromatids of homologous chromosomes become “zipped"
together, forming X-shaped structures called chiasmata. Each chiasma is the
site for crossing over i.e, exchange of portions of chromosomes between
non-sister chromatids. Crossing over leads to recombination of genetic
material.




CELLCYCLE

Non-sister
chromatids

Sister
chromatids

FIGURE 4.6: Crossing over
Other events of prophase-I are similar to prophase of mitosis. The nucleoli

disappear and nuclear envelope breaks. Centrioles migrate to opposite poles
and make spindle fibres to which chromosomes attach.

Metaphase-| !
The tetrads attached with spindl
they form metaphase -

fibres from both pol%
O

Amphasw
Each spindle fibre attached with a single chromosome pulls towards the pole.

In this way, the paired chromosomes are separated. One chromosome of each
pair is pulled toward one pole and the other towards opposite pole. So, two
haploid sets of chromosomes are formed. Each chromosome still contains two :
sister chromatids.

Telophase-|

Spindles disappear and a new nuclear envelope is made around each haploid
set.Nucleolus also reforms during Telophase-I. The chromosomes uncoil into
chromatin. Cytokinesis occurs and two daughter cells are 6@

©
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e

z e of meiosis-1, two spindle
IR-one pair of homologous chromosomes.




Spindle
Centrosome

Prophase-| ] Prophase-|

< S

Telophase-| An
B
. m‘\\@
Meiosis-l| OQ“ : Gt
MeiosisMsembles mitosis and consists of four phases: prophase-l|,

metaphase-Il, anaphase-Il, and telophase-Il.

aph

In prophase-ll, the nucleoli and nuclear envelope disappear, and the
chromatin condenses. Centrioles move to the poles, forming spindle fibres.
During metaphase-ll, spindle fibres attach to the kinetochdres of
chromosomes, aligning them at the cell's equator. In anaphase-ll, spindle
fibres pull sister chromatids apart toward opposite poles. Finally, in telophase-
ll, chromosomes uncoil back into chromatin, nuclear envelopes and nucleolus
reform,and cytokinesis occurs. This results in the formation of four daughter

cells, each with half number of chromosomes. |
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FIGURE 4.8: Phases of Meiosis-II
Significance of Meiosis

1. Meiosis maintains the number of chromosomes

In animals, special cells in reproductive organs undergo meiosis. The daughter
cells, called gametes, have half the number of chromosomes (with no pairs).
During sexual reproduction, male and female gametes join to make the first
cell (zygote) of new generation. The original number of chromosomes is
restored in zygote. It undergoes mitosis many times and develops into the

new animal. @ @©m
In flowering plants, specialized cells:n @w meiosis. The daughter
cells, called spores hayv Pﬁﬁ@%@Qromosomes. These spores grow
into new generation i | ers. This generation produces gametes by
mitosis. The%@ﬁ@&é’m to make zygote with full set of chromosomes. The
zygote undergoes mitosis and develops into new plant.

72




CELLCYf'LE o
B

2. Meiosis brings genetic dwem
Crossing over creat u gen s on chromosomes. Each

chromosome in the es a unique set of genes. When diverse
gamete ents combine, the resulting zygote is genetically
dlfferent both parents. In this way, meiosis contributes to genetic
diversity in populations.

Cells of Parents
with homologous

chromosomes
Meiosis

Gametes

with homologous
chromosomes

FIGURE: 4.9: Meiosis creates cells with new combinations of genes
Errors in Meiosis
During meiosis-l, chromosomes separate while during meiosis-Il sister
chromatids separate. It is called disjunction. Sometimes non-disjunction
occurs. Due to it, the daughter cells (gametes) receive more or less than the
normal number of chromosomes. If such gametes fuse, the zygote receives

abnormal number of chromosomes. If such zygote develops, the resulting
offspring suffers from severe medical problems.

4.4- COMPARISON BETWEEN MEIOSIS AND%T&

A ANERE

rphase (S phase) before both divisions.

Similarities

1. DNA replication o

2. Both with a parent cell that has chromosomes in pairs.
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apparatus

mf a spmdle

se, anaphase, and telophase. However,

- and meiosis-Il.

melow
In botk \divisions, sister chromatids separate. In mitosis, it happens during

Cytokinesis occurs at the end of both divisions. During cytokinesis, the

3. In both divisions, chromatin condenses and chromosomes
during prophase.
4. Both mitosis and meiosis inyolve
5. Both involve pro etap
l.e., meiosis-
6.
anaphase. In meiosis, it happens in anaphase Il.
7
cytoplasm divides and two new cells are formed.
Differences

Table: Difference between mitosis and meiosis

Mitosis -

Meiosis

A parent cell divides only once, two daughter
~cells are produced :

A parent ceil undergoes rsrons, four

daug‘_gfr\ il AT .l

W c}gome number is reduced by half

daughter cells.

Chromosome number in daughter cells C
remains the same as the “
Variations are -

Wew—w 5

_' Variations oocur-dué- to crossing-over

« AN
Occurs in Somatic cells.

Occurs in germ line cells.

Homoiogous chromosomes do not form Y
pairs, S otEs dsiates

@ fe Hornologous chromosomes form pal r

o T £

No crossing over occurs durmg prophase

Crossing over occurs during prophase’

Single chromosome alsgns to form B
metaphase plate. |

_ -Homo{ogous parrs ahgn to form a metaphaca
| plate.

# ]

During anaphase, chromosomes break ano
individual chromatids are pulled towards
poles.

During anaphase-l, individual chromosomes
are pulled towards poles.

Occurs for growth, deveiopment. and

maintenance of multicellular orgamsn'rs

M

%ﬁ@\i&muuw :
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Meiosis-1

Meiosis-Il

Homologous
chromosomes

Synapsis
&
Crossing over

Pairs of
Homologous
chromosomes

| attached to spindle
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chromosomes

Homologous
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attach individually &
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' ' CELLCYCLE

e Cell cycle is series of events startmg after cell ¢ w 0 @@@t division.
® By mitosis a cell divides in @@@ and each daughter cell
receives the same es as were present in the parent

cell
» DuringMof mitosis chromatin condenses and takes the shape of
chromosomes. Centrioles duplicate and make spindle fibres.

® During metaphase of mitosis one chromosome is attached with two
spindle fibres from opposite poles.

e During anaphase of mitosis centromeres of chromosomes divide and
sister chromatids separate.

® During telophase of mitosis new nuclear envelope forms around each set
of chromosomes.

® Mitosis occurs during development, growth, celI eplacement,
regeneration and asexual reproduction

half the number of&

® During pr .!\ losis, homologous chromosomes form pairs. The
non-sis hromatids of homologous chromosomes exchange their
segments in crossing over.

® During metaphase | of meiosis, one pair of homologous chromosomes is
attached with two spindle fibres from opposite poles.

® During anaphase | of meiosis, homologous chromosomes are pulled apart
forming two diploid sets at opposite poles.

e During telophase | of meiosis, spindle fibres disappear, and new nuclear
envelope surrounds each haploid set.

® Meiosis maintains the chromosome number in next generatuon by making

haploid gametes. Meiosis produces variations W
| Y\fg\ 0 @Rﬁ

Y\R\ \\,\
QN ¢
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A. Select the cdrrect answers for the following questions.

1. In which phase of cell cycle, maximum growth occurs in gell?

a) M phase h

¢) G1 phase Q @@@%} Shase

. In which phase of ce %ﬁé& osomes duplicate?

a) Mitosis eﬁ b) G1 phase
c) G2 phaw d) S phase

. Which of the following is NOT a characteristic of mitosis?

a) It occurs in somatic cells.

b) It results in genetically identical daughter cells.

¢) The chromosome number is halved in daughter cells.

d) It results in the formation of two daughter cells.

. At which stage of mitosis chromosomes line up in the centre?
a) Prophase b) Metaphase

¢) Anaphase d) Tgopé@m
. If you observe a cell in which nyclegr mearpiice orming around two

sets of chromosomesé hat .. 3!:‘.@ this?

a) Anaphase %%@ b) Telophase

c) Prophase o d) Metaphase
. How does the centrosome contribute to mitosis?

a) Initiates DNA replication b) Makes mitotic spindle

¢) Forms the nuclear envelope d) Duplicates organelles
. Centrosomes make mitotic spindle in: .

a) Animal cells b) Plant cells

¢) Prokaryotic cells d) All of these

. An organism has 4 pairs of chromosomes. After meiosis-l, how many

chromosomes and chromatids will be present in each daughter cell?
a) 8 chromosomes and 16 chromatids m
AL

b) 4 chromosomes and 8 chromatids @Wa
¢) 4 chromosomes and 4 chro@;ﬁ@@

d) 8 chromosomes an% tds
meiosis but not mitosis?

. Which evenw
a) DNA replieation b) Chromosome alignment

¢) Crossing over d) Nuclear division
12
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10.Why is meiosis-|I necessary after
a) To replicate chromosomes

nafl@@w
b) To reduce chrom “

) To separate si c atids

d) To enwm recombination

B. Write short answers.

Enlist the events that occur during the G1 phase of interphase?

What is the main purpose of the S phase in the cell cycle?

During which phase of mitosis sister chromatids separate? i
How does crossing over contribute to genetic variation in meiosis? {
What is the role of spindle fibres in mitosis?

How is cytokinesis in animal cell different from plant cell?

What is the difference between prophase of mitosis and prophase-| of

meiosis-|? @W@
8. How does meijosis differ from mito%_ijs @m%@&e number?

NOoUbhwn-

9. What are the key events of ana
10. What is the function
11. What are sister
12. How is mi

e during cell division?
ids;-and when do they separate in meiosis?
ated to the process of regeneration?

C. Write answers in detail.

1. Describe the events that occur during the phases of mitosis.
Describe cytokinesis in animal and plant cells.

3. Describe the significance of mitosis.

4. Describe the events that occur during the phases of meiosis-I.

5. Describe the significance of meiosis.

D. Inquisitive questions.

1. What role might mistakes in the cell cycle checkpoin y@!@’@ﬁ
emergence of cancer? o ﬁ 0
2. Why do skin cells divi%@@ ut an organism's

existence, Wr@ S permanently exit the cell cycle?
' O
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