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Cells in our body always 9row, divide and die
As such, the dead cells must be replaced with new cells
Cells in the body produce new cells through the cell division

process.

Karyokinesis involves the division of the nucleus.
Cytokinesisinvolves the division of the cytoplasm
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SONATIC CElLL

Body cells apart from
9ametes,

Somatic cells are produced
through the mitosis
process.

It contains a dipleoid nhumber
of chromosomes, that is,
each cell contains two sets
of chromoSomes or 2n.In
human Somatic cells, 2n =
46.

i,‘ 5(‘ ORGANISM CELL j

GAMETE

Gametes are reproductive
cells.

Gametes are produced
through the meiosis
process.

It contains a haploid
number of chromoSomes,
that is,each cell contains
one set of chromoSsomes or
n.In human 9ametes, n =23,

In diploid cells, one set of chromosomes originate from the male
parent or paternal chromosomes and another set is from the
female parent or maternal chromosomes.,

Both paternal and maternal chromosomes have the same

structural characteristics

This pair of chromosomes are called homolo9ous chromosomes,
Chromatin is a chromosome that looks like a lon9g thread.
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Hapldaid (n): A copy of each chromosome Diploid (2n): Two copies of each chromosome

of homiologous chromosames

Three chromasomes without pairs Three pairs
(i set of patemal chromosomes, one set of
maternal chromosomes)
C 4 FIGURE 6.1 Hagloid and diploid chromosomes
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61 PHASE

e Cells grow.
~+ Cell components such as mifochohdrfioh and endoplasmic reticulum ar}e produced at
.. this stage .
-*. Proteins used in the cell cycle are also symhescsed durmg thus hme
~o - At this stage, the ‘nucleus looks blg omd the chromosome isin the form ot

' chromatm
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+. DNA symhes's occurs in the S phase

-+- The DNA in the nucleus is replicated. -

“+ Each ‘chromosome’ mulhphes mto two wlen’ncal chromosomes known as scster'
~ chromatids. ; R EE '
_+_ Both chromatids contain the same copy of the DNA molecule,

.. Both chromatids are. joined at the centromeres

62 PHAIE

e ! The cells wull commue to grow and remam achve me’mbohcalty durmg the 62

~ phase.

o Celis gather energy and make tinal arrahgemems to enter the next smge of cell
.. division.. .

Lo Aﬁer the mterphase smge the cell wall emer the M phase
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M PHASE

e M phase is made up of mitosis ahd cgtokmescs
.* . Mitosis involves prophase metaphase anaphase and telophase




ﬁ\ MITOSIS |

. Mn‘rosns iS defmed as the dwusnon ot the nucleus ot purem ce" mto
. two nuclei. |

* * Each nucleus contdins the same number of chromosomes and

. genehc com‘em wﬁh the nucleus ot parent cell

PROPUASE

J In the nucleus, chromatin starts to shorten and thicken to form a chromosome structure that can
be seen through a light microscope.

. The chromosome is seen to be made up of two identical threads called sister chromatids.

*  Both sister chromatids are joined at the centromere.

*  The nucleus membrane disintegrates, the nucleolus disappears, the centriole moves

*  to the opposite poles and the spindle fibres start to form.

Stucuithachasia - s

: 3 to shorten and
structure that

| sroscope.
"1 madsa up of two
" shromatids.
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PHOTOGRAPH 8.1 Mtosis at thelisof the plant root



C METAPNASE

e Centrioles are at the opposite poles of the cell.

. The spindle fibres maintain the chromosomes at the equatorial plane.

*  The chromosomes become aligned in a single row on the equatorial plane.
*  Mectaphase ends when the centromere begins to divide.
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*  Spindle tibres shorten, contract and the sister chromatids are attracted to the opposite pole cells.
. Anaphase ends when the chromatid arrives at the pole of the cell.




When the chromatids are at the opposite poles, they are now called the daughter chromosome.
Each pole contains one set of complete and identical chromosomes.

Chromosomes are shaped again as fine chromatin threads.

Nucleoli are tormed again.

Spindie tibres disappear.

A new nucleus membrane is formed.

The telophase stage is followed by cytokinesis.

[The difrerences between mitosis ana
|cveokinesis in animav cews and Piant ce
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.+ o Cleage ko microflaments
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contractile ring of
microflaments
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danghier cell

; FIGURE .4 Cytoknesis in
~ animal cells

. Microfilaments .at the point of . . . .
- constriction will contract, causing the




vesicles form cel parent cell wall

plaes ; cell :Ia‘a rew cell wall
o "

MILK [, | |
SMVD | ' — ) \ —_

daughier cell
FIGURE 6.5 Cylokinesis n plant cells

Cytokmesus in plam cells also begms when the tormed vesucles
combine to form cell plates at the centre of the cell

The cell plates are surrounded by a new ptasma membrane and a
new. cell wall substance_is formed among the. spaces ot the. cell
plates. '

The cell. plates expand outwards until they combine. with the
plasma membranes. |

At the end of cytokinesis,. cellulose fibres are produced by the cells
to strengthen the new cell walls.

Two daughter. cells are tormed Each cell has a duploudncondmon

The necessity Of muos-le
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Through the mitosis process, the lizard is able to grow a new tail (regeneration) it
the tail breaks

for embryo development and organism growth, mitosis ensures that rapid cell
growth occurs.

When the body is injured, mitosis will produce new cells to replace cells that are
dead or damaged

Mitosis aids organisms such as hydra to produce new individuals through the
tormation of new buds

Stem cell therapy uses stem cells from bone marrows to treat damaged cartilage
In agricutture, the technique of culturing plant tissues is used to produce young
plants through the culturing of parent cells without going through the tertilisation
process.

The culturing technique uses stem cells from animals which are then cultured in
laboratories to produce meat.



Meiosis is the process of cell division that occurs in reproductive organs to
produce 9ametes that contain half the number of chromosomes (haploid) of
the parent cells (diploid).

Meiosis occurs in the testis (male) and ovary (female) for animals and
humans.

The need FOR MEi0Sis Lswrwimmonin-ws

* Meiosis forms 9ametes through the process of 9ametogenesis and ensure
that the diploid chromosome number of organisms that carry out sex
reproduction is always maintained from one 9eneration to the next.

* Meiosis also produces 9enetic variation in the same species. Meiosis is divided
into two stages of cell division, that is meiosis | and meiosis Il

MEIOSIS

1 X XX

* Meiosis | comprises of prophase |, metaphase |, anaphase | and telophase |.
« Meiosis Il comprises of prophase ||, metaphase ll, anaphase |l and telophase Il

PROPHASE 1

ohias'm

bvaleny
tetrad

non-identical
chno'mtid

seindle
ficre

* Chromatin shortens, thickens and forms visible
chromosomes.

* The pairing of homologous chromosomes
(Synqpsis) forms bivalent (or known as a tetrad,
that is four chromatids for each homolo9ous
chromosome).

* The crossing over process that is an exchange of
genetic material between non-identical
chromatids takes place.

* Crossing over produces a combination of 9enes
that are new in chromosomes.

*  The point where the chromatids cross overis
called chiasma.

* At the end of prophase |, the nucleus membrane
and nucleoli will start to disappear.,

* Both centrioles will move towards the opposite
pole cells.

« Spindle fibres are formed amon9g the centrioles.




METAPHASE 1

The homologous chromosomes are
arranged at the equatorial plane,

One chromosome from each pair of the
homolo9ous chromosome is tied to the
spindle fibres from one pole cell and its
homolo9gous is tied to the spindle fibres
from the opposite pole cell.

The sister chromatids are still tied
together because the centromere has

not separated.

/
o ’

. homologous chromosome
arranged at the equatorial
plane

ANAPHASE 1

sister chromabids

are sill tied to the o

The spindle fibres contract and
cause each homolo9ous chromosome
to separate from its homolo9gous
pair and be pulled to the opposite
poles.

Each chromosome is still made up of
a pair of sister chromatids tied to a
centromere and move as one unit,

TELOPHASE 1

The chromosomes arrive at the opposite pole

cells.

Each polar cell contains a number of haploid conelricts

chromosomes that are made up of one set of
chromosomes only,

The spindle fibres will then disappear.
Nucleoli will reappear and the nuclear

mewmbrane is formed.

Telophase |is succeeded by the cytokinesis process that produces two

dauvghter cells.

Both daughter cells produced are in the haploid condition.
The interphase for meiosis | is usvally short and the DNA does not replicate.
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ANAPHASE 11

*  The sister chromatid
centromere starts to
separate.

* The ssister chromatid pair
separates and moves
towards the opposite poles
led by the centromere,

* Each chromatid at this
Stage is knownas a
chromosome,

PROPHASE 11

* The nucleoli and the nuclear membrane
disappear,

* Each chromosome is made up of sister
chromatids that are joined at the
centromere,

* The spindle fibres start to form in both
dauvghter cells

daugw.ef cells
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METAPHASE 11

« Chromosomes are arran9ged at random
on the equatorial plane for each
daughter cell.

* Each chromatid is tied to the spindle
fibres at the centromere,

* Metaphase |l ends when the centromere
Separates.




TELOPHASE 11 .

Chromosomes arrive at the pole of the [
cell. ) ’
Spindle fibres disappear. The nuclea

membrane and the nucleoli are ) \ :
reconStructed. | ) e
The number of chromosome for each N ‘,/

dauvghter cell is half the number of e 7
parent chromosomes

Telophase |l ends with the process of cytokinesis that produces four
dauvghter cells that are haploid.

Each haploid cell contains half the number of parent cell chromosomes. The
9genetic content is also different from the diploid parent cell. The haploid
cells develop into 9ametes
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The cell cycle is controlled by a special control system at each
G1, §, GZ and M phase to ensure proper division of the cells.
However, uncontrolled cell division sometimes can Lead to the formation
of tumours.

Tumour is divided into two types which are benign tumour and malignant
tumour.

A benignh tumour is not dangerous and can be removed surgically. A
malighant tumour is also called cancer.

Cancer is caused by several factors such as radiation ( x-ray, gamma rays
and ultraviolet rays ), chemical substances ( such as tar in tobacco ),
carcinogens ( such as formaldehyde and benzene ), genetic factors, and

CH O OO e

also bacteria and viruses.
This will caquse the cells to divide continuously and develop into a tumour.
The cancer cells will spread and destroy normal cells around them.

This condition will affect the functions of the tissues around them.
Cancer that is not identified at the early stage can cause damage to the
organs and finally death
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Tha tumour grows  Cancar calls compsata to get The cancar cells spraad A maw tumiour
from a =ingle call, nutrianits from other tissuas through the lymph veszels and  develops on other
around tham. blood vessals to other parts of  organs.
the body.

JTancgTh AIGURE 8.7 The developrment of breast cancer e N




] Any abnormality during the division of meiosis can also cause
genetic diseases such as Dbowh syndrome.

(] This happens because the spindle fibres fail to function
during anaphase I or anaphase I1.

O As a result, the chromosome fails to separate ( hondisjunction™

(] Gametes will have an abnormal number of chromosomes ( 22 ov
24 chromosomes )

(] If fertilisation between a normal gamete ( 23 chromosomes )
and an abnormal chromosome ( 24 chromosomes ) occurs, the
zygote will carry 47 chromosomes which is an abnormal condition

The dipkid The diploid
chromcaomea numbar chromosorme rumber
in humans in humana
n=48 In=48
MEIOSIS
mandEUACtion
Hurhg
ahaphate
Thehapkid /' Thehapkid Thehapldd . The haplcid
number 4 b number number 4 - number
- n=22
=22 n=23 n=24 inclichal with Down
symdrame

Ciploid chromosome
number, 2n +1=47
{ Three copies of

chromasomea 21

HGURE 8.8 Formation of thsomy 24
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[J In a normal meiosis division, the chromosomes are divided evenly
among the gametes

[ If the homologous chromosome or sister chromatids fail to
separate, the distribution of parent chromosomes during meiosis
will be uneven

] An individual with Down syndrome has 47 chromosomes, which is
an extra chromosome at the 21st set. This condition is known as

trisomy 21.
(] This syndrome can cause mental retardation, stanted eyes and a
slightly protruding tongue. N e
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