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TOPIC E: CELL & NUCLEAR DIVISION
(MITOSIS & MEIOSIS)

Learning Outcome
Core Topic 1 — Cellular Functions
Candidates should be able to:

() Explain the importance of mitosis in growth, repair and asexual reproduction.
(m) Explain the need for the production of genetically identical cells and fine control of replication.

(n) Explain how uncontrolled cell growth can result in cancer, and identify causative factors (e.g.
genetic, chemical carcinogens, radiation, loss of immunity) which can increase the chances of
cancerous growth. (Knowledge that dysregulation of checkpoints of cell division can result in

| uncontrolled cell division and cancer is required, but detail of the mechanism is not required.)

(o) Describe, with the aid of diagrams, the behaviour of chromosomes during the mitotic cell cycle
and the associated behaviour of the nuclear envelope, cell membrane and centrioles. (Names
of the main stages are expected.)

(p) Explain what is meant by homologous pairs of chromosomes.

(q) Explain the need for reduction division (meiosis) prior to fertilisation in sexual reproduction.,

{p)(r)  Explain how meiosis and random fertilisation can lead to variation.

(s) Describe, with the aid of diagrams, the behaviour of chromosomes during meiosis, and the
associated behaviour of the nuclear envelope, cell membrane and centrioles. (Names of the
main stages are expected, but not the subdivisions of prophase.)

Content Outline
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1. The Role of Nucleus and Chromosomes in Cell Division

(a) Chromatin Structure

(b) Chromosome Structure

(c) Chromosome Number

(d) Homologous Chromosomes
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2. The Cell Cycle
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(b) Mitosis
(c) Cytokinesis
{e)(d) _ Significance of Mitosis
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4-3. The Control of Mitotic Cell Cycle
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(a) Genes involved in control of cell cycle
(b) Onset of cancer
(c) Causative, factors
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1. The Role of Nucleus and Chromosomes in Cell Division -

All new cells are derived from pre-existing cells through cell division, a part of the cell cycle<«
which includes: N

e Interphase - cell growth and synthesis of cell materials

¢ Nuclear division - nucleus divides-first to form two nuclei
e Cytokinesis - cytoplasm divides to form two daughter cells
The nucleus is responsible for carrying out cell division.

(a) Chromatin Structure <
Chromatinisthe complexof DNA and proteins: <
e isthe complex of DNA and proteins. <

e ltis the less condensed form of chromosome.presentduring-interphase

e Ddispersed as a mass of long, thin fibores when cell is not dividing and during
interphase.

e Two types of chromatin: Heterochromatin (highly condensed) and euchromatin

(less condensed).

Y <

e The degreekevel of condensation may change-depending-en-circumstance:
o Chromatin condenses by coiling to form chromosomes during cell division.

o _Chromatin decondenses for polymerases to gain access to specific regions of
DNA for replication, gene expression or repair-or-gene-expression.
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NET RESULT: EACH DNA MOLECULE HAS BEEN
PACKAGED INTO A MITOTIC CHROMOSOME THAT
1S 50,000x SHORTER THAN ITS EXTENDED LENGTH

DNA packed into chromatin and chromosome
Eukaryotic DNA contains millions of nucleotides. In humans, the DNA material in a cell has
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DNA wound around histone proteins

o Nucleosomes and linker DNA are coiled into a solenoid structure, forming a 30nm
chromatin fibre.

e 30nm chromatin fibres are folded into looped domains that are attached to non-
histone scaffolding proteins, forming 300nm chromatin fibres.

e 300nm chromatin fibres are further folded to form 700nm chromatin fibres found on
one of the sister chromatids on a duplicated chromosome.
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(b) Chromosome Structure

During cell division, chromatin condenses into chromosomes, which may exist as<
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Diagram showing duplicated chromosome and unduplicated chromosome
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(c) Chromosome Number <

(i) Diploid
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chromosomes.

e Diploid cell has a diploid number of chromosomes, 2n, where n represents the
number of chromosomes in a single set.

The number of chromosomes in somatic cells (i.e. all cells except sex cells) is
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contains 23 different chromosomes (n = 23).
» _This can be clearly seen in a karyotype, an ordered display of chromosomes.
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Karyotype of a human male

(i) Haploid

o organisms-Gametes, (sex cells) contain a single set of chromosomes,

e Haploid cells have a haploid number, of chromosomes (n).

» [For example, a human egg or human sperm has 23 chromosomes and the \

haploid number,is 23.

» Each sex cell contains one set of chromosomes (n = 23).

A4

chromosome.

» A human egg contains 22 autosomes and an X chromosome,
> A human sperm contains 22 autosomes and either an X or a Y chromosome.

1]

3 nonhomologous
chromosomes

The 23 different chromosomes consist of the 22 autosomes plus a single sex

3 pairs of homologous
chromosomes

Haploid Number = 3

Diploid Number = 6

Table showing chromosome numbers of human, fruit fly and dog

Human

Diploid number

46

Number of chromosomes in a gamete

Number of different types of chromosomes
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Key

Maternal set of
chromosomes (n = 3)
2n=6
I Paternal set of
chromosomes (n = 3)

Two sister chromatids
of one replicated

chromosome
Centromere

Two nonsister
chromatids in
a homologous pair

Pair of homologous
chromosomes
(one from each set)

Diagram describing chromosome numbers
(d) Homologous Chromosomes
In a diploid cell, each type of chromosome exists as a pair of homologous
chromosomes, with each chromosome known as a homolog.
In human diploid cell, we inherit one chromosome of each pair from each parent. Thus,
the 46 chromosomes in our somatic cells are actually two sets of 23 chromosomes — a
maternal set (from the female parent) and a paternal set (from the male parent).

Homologous chromosomes:
e have the same length,
e have the same position of centromeres.

e have the same genes at the same loci.

e Homologous chromosomes_may have different alleles from each other.

o Alleles are alternative forms of the same gene with a_slight different nucleotide
sequence.

e One_homolog is derived from maternal parent while the other is derived from the
paternal parent.

¢ Homologous chromosomes pair to form bivalents during prophase | of meiosis.

e FEach homolog consists of double structure containing two identical sister
chromatids during prophase | of meiosis.

The two sex chromosomes are an important exception to the general pattern of
homologous chromosomes.
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Homologous chromosomes

For example,

o When the two alleles coding for the gene A, on a pair of homologous chromosome are
the same, this organism is homozygous for the trait.

e When_the two alleles coding for the gene D, on a pair of homologous chromosome are
different, the organism is heterozygous for the trait.

e When the genes that code for A, D and F are found on the same chromosome, they are
said to be linked (i.e. linked genes).

4.2.The Cell Cycle < Formatted: Line spacing: single, Numbered + Level: 1 +
Numbering Style: 1, 2, 3, ... + Start at: 1 + Alignment: Left +
Aligned at: 0 cm + Tab after: 0.7 cm + Indent at: 0.7 cm

The cell cycle is the life of a cell from the time it is first formed from a dividing parent cell until
its own division into two daughter cells.

e Three stages: interphase, nuclear division and cytokinesis.
e Two types of nuclear division:
o mitosis for all somatic cells and
o __meiosis in sexual reproductive organs to form gametes / sex cells.
e The duration of cell cycle varies for different types of tissue within a single organism.

(a) Interphase
Cells prepare for mitosis or meiosis in 3 sub-phases:
e First growth phase or Gi1 phase
e Synthesis or S phase

Phase Events that occur

G1 e Synthesis of organelles e.g. endoplasmic reticulum and mitochondria /
chloroplasts (by binary fission)

e Nucleolus actively synthesises ribosomal RNA for formation of ribosomes.
e Synthesis of proteins
e Increase in cytoplasmic volume, resulting in an_increase of cell size.

J1/20143 10
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Synthesis DNA semi-conservative replication occurs, resulting in doubling of DNA content.
Histone proteins are synthesized.
Newly synthesized DNA molecules are wound tightly around the histone proteins.
Each chromatin fibre is composed of two identical DNA molecules.

G2 Intensive synthesis of organelles e.g. endoplasmic reticulum and mitochondria /

chloroplasts (by binary fission)
Replication of centrosome to form 2 centrosomes. Each centrosome is made up

of a pair of centrioles (in animal cells).
Synthesis of proteins — e.g. tubulins for assembly of microtubule in spindle fibre

Synthesis of ATP for energy.

e Second growth phase or G2 phase

(b) Mitosis

Cell cycle

Nuclear division:
e Nucleus of parent cell divides once to produce two genetically identical daughter

nuclei with same number and types of chromosomes as parent nucleus.

e Four main phases: prophase, metaphase, anaphase, telophase

(i) Prophase

Chromatin fibre becomes more tightly coiled, condensing into chromosomes.

Each duplicated chromosome appears as two identical sister chromatids joined
at their centromeres.

Centrosome organise microtubules into spindle fibres and the radial array of
short microtubules extending from each centrosome are called asters.

Centrosomes migrate to opposite poles of the cell by lengthening of
microtubules.

o Inanimal cells, each pair of centrioles migrates_to opposite poles of the cell.
Nucleolus disperses and seems to disappear.
Nuclear envelope fragments.

J1/20143
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Centromere

Early mitotic Aster

spindle
Centrosome:
Animals have a pair of centrioles

Chromatin
condensing

Nucleus

Nucleolus

Chromosome, consisting
of two sister chromatids
Diagrams of Prophase
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(i) Metaphase (longest phase in mitosis)

e Microtubules from centrosome attach to kinetochore at the centromere of each
chromatid of chromosome, becoming kinetochore microtubules.

e Centromeres of chromosomes are aligned along the metaphase plate (an
imaginary plane equidistant between the two poles of the cell) by microtubules.

e Non-kinetochore microtubules interact with those from the opposite pole of the

spindle.

[ Formatted: Font color: Auto

Kinetochore

/

Centromere ; et
r' Aster ‘
/\ e Centrosome
Sister P,
chromatids A\ Metaphase
7 Ve /| plate

(imaginary)

Kineto-
chores

Overlapping
nonkinetochore Kinetochore
microtubules microtubules

A

Diagrams showing Metaphase and chromosomes attached to kinetochore
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(iii) Anaphase (shortest phase in mitosis)

e Centromere separates and two sister chromatids separate, thus becoming two
daughter chromosomes.

e Daughter chromosomes migrate toward opposite poles of the cell, with the
centromere leading the way as kinetochore microtubules shorten.

e Non-kinetochore microtubules lengthen, leading to cell elongation.

e By the end of anaphase, the two poles of the cell have equivalent and complete
set of chromosomes.

Daughter
chromosomes

Diagrams showing Anaphase

J1/20143 14
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(iv) Telophase

e Nuclear envelopes reform from the fragments of the endomembrane system to
form two nuclei.

o Nucleolus reappears.
e Chromosomes become less condensed to form chromatin.
e Microtubules disperse by depolymerising.

Cleavage Nucleolus
furrow forming

Nuclear
envelope
forming

Diagram showing telophase with cytokinesis
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(c) Cytokinesis

Cytokinesis usually occurs by late telophase, dividing the cytoplasm evenly between the
two daughter cells that appear shortly after the end of mitosis.

In animal cells
e Cell surface membrane invaginates towards the metaphase plate
e Aring of actin microfilaments contracts by interacting with myosin molecules.

e The cleavage furrow deepens until the parent cell is pinched into two, producing
two daughter cells.

In plant cells
e Golgi vesicles that contain cell wall material (cellulose) move along microtubules,
towards the metaphase plate and fuse together to produce a cell plate.

e Cell plate enlarges as more vesicles fuse with it, until its surrounding membrane
fuses with cell surface membrane along the perimeter of the cell.

e A new cell wall is formed between the two daughter cells.

Vesicles Wall of 1pm
forming parent cell
cell plate

Contractile ring of Daughter cells
microfilaments

Daughter cells
(a) Cleavage of an animal cell (SEM) (b) Cell plate formation in a plant cell (TEM)

Diagram of animal and plant cytokinesis

J1/20143 17
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(d) Significance of mitosis
e Mitosis confers genetic stability between generations of cells.

e Each parent cell produces two genetically identical daughter cells with same
number_and types of chromosomes as parent nucleus (no variation in_genetic

information).

e The daughter cells have identical genetic_information as the parent cell, due to
semi-conservative replication of parental DNA during synthesis phase of
interphase.

e This enables growth, repair and asexual reproduction.

(i) _Organism Growth

e To grow from one cell to a multicellular organism, all daughter cells must be
genetically identical to the parent cell. However, genetically identical cells are able
to differentiate to different cell types due to differential gene expression.

(i) Tissue Repair
e Cells that are lost, damaged or worn-out are replaced by genetically identical
cells.

(iii) Asexual reproduction

e Involves one_single parent, producing offsprings that are genetically identical to
parent known as clones.

e Thisis common in:
» plants - vegetative propagation, e.g. bulbs in onions,
» less complex animals - budding in yeasts or fragmentation in starfish
» _and micro-organisms - binary fission in bacteria and yeasts).

Parent

Diagram showing organisms that reproduce asexually
The organism on the left is the hydra, which reproduces by budding. The bud is a localised mass of
mitotically dividing cells that develops into a small hydra and detaches from its parent.
The organism on the right is the redwood tree. All the trees in this circle of redwood arose
asexually from a single parent tree, whose stump is in the centre of the circle.
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(e) Meiosis
Nuclear division:

o Nucleus of a parent cell divides twice to produce four _genetically non-identical
haploid daughter nuclei.

e Each daughter nuclei contains half the_number of chromosomes in the parent
nucleus by reducing two sets of chromosomes to 1 set of chromosomes.

e It is vital for sexual reproduction and takes place in the reproductive organs of
plants and animals.

e Meiosis occurs after interphase, followed by cytokinesis

in diploid parent cell

Chromosomes
replicate

Homologous pair of replicated chromosomes

A\

Sister
chromatids Diploid cell with
replicated

chromosomes

Melosis |

) Homologous

) Sister chromatids
separate

Haploid cells with unreplicated chr

Overview of Meiosis
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Prophase |

Chromatin fibre becomes_more tightly coiled, condensing into chromosomes.

Each duplicated chromosome appears as two identical sister chromatids joined
at their centromeres.

Homologous chromosomes pair to form bivalents in a state called synapsis.

Crossing over occurs between non-sister chromatids of homologous
chromosomes resulting in_chiasmata formation.

o the exchange of corresponding DNA segment between non-sister
chromatids.

Centrosome organise microtubules into spindle fibres and the radial array of
short microtubules extending from each centrosome are called_ asters.

Centrosomes migrate to opposite poles of the cell by lengthening of
microtubules.

o Inanimal cells, each pair of centrioles migrates_to opposite poles of the cell.
Nucleolus disperses and seems to disappear.
Nuclear envelope fragments.

Centrosome
(with centriole pair)

Sister Chiasmata
chromatids

Homologous Fragments
chromosomes of nuclear
envelope

Duplicated homologous
chromosomes (red and blue)
pair and exchange segments;
2n = 6 in this example.

Diagram of Prophase |
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(i) Metaphase |
e The bivalents (pairs of homologous chromosomes) align themselves at the
metaphase plate, with one chromosome in each pair facing each pole.
e The arrangement of chromosome of each bivalent is independent of the
arrangement of the other bivalents (i.e. independent assortment).

e Both chromatids of one homolog are attached to kinetochore microtubules from
one pole; those of the other homolog are attached to microtubules from the

opposite pole.
¢ Non-kinetochore microtubules interact with those from the opposite pole of the
spindle.
Centromere

(with kinetochore)

Metaphase
plate

Microtubule
attached to
kinetochore

Diagram of Metaphase |
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(i) Anaphase |
e Each homolog of a bivalent separates / Homologous chromosomes separate
but not sister chromatids. Centromere of each chromosome does not separate.

e Homologous chromosomes migrate toward opposite poles of the cell, with
the centromere leading the way as kinetochore microtubules shorten.

e Non-kinetochore microtubules lengthen, leading to cell elongation.

Sister chromatids
remain attached

Homologous
chromosomes
separate

Each pair of homologous
chromosomes separates.

Diagram showing Anaphase |
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{y(iv) Telophase |

e In some species, nuclear envelopes reforms from the endomembrane system,

H2 Biology
Cell and Nuclear DivisionFopic-E-Mitosis-&
"

forming two nuclei.

e Each nucleus has a haploid set of chromosomes (duplicated chromosomes).

e Thus meiosis | is known as the reductional division because it halves the

number of chromosome sets per cell.

e Nucleolus reappears.

e Chromosomes become less condensed to form chromatin.

e Microtubules disperse by depolymerising.

e Cytokinesis usually occurs simultaneously with telophase |, forming two haploid

daughter cells. No replication of DNA occurs between meiosis | and meiosis II.

e In other species, these processes (including the reforming of nuclear envelope)

are skipped and the cell carries on directly to Prophase II.

MITOSIS

Chromosome
replication

Sister v

-7

Replicated o
homologue
Individual
! homologues
Metaphase align on9
metaphase
plate.

Two daughter
cells (each 2n)

/:‘_ Paternal homologue
Parent cell |'/J %— Homologous
(2n) \\ chromosomes

— —_/"Maternal homologue

chromatid "\ Homologous
\' \ chromosomes
Prophase)\&, /| do not pair.
N

Sister chromatids
separate, cytokinesis

- = Homologous
Anaphasef \\ (7 }occurs, andtwo el , *\. chromosomes
Teigphas I\"JJ/'I ‘\\J ) "ﬁﬁ'éfaﬁf.?giﬁ?’" Telo':»hasel -2 by SRDETAIS: 3 Nty
\:/ \—ﬂ original number of charomencs
homologues. =

Copyright & The MoGraw-Hill Companies, Inc. Permission required for reproduction or display.

Parent cell f /\ )
= ©

[ MEIOSISI |
Chromosome
replication
v
SR Homologous
m| chromogomes
Prophase | || /| pair; synapsis
&“/ ! and crossing
S _/ over occur.

Paired
homologous
chromosomes
align on
metaphase
plate.

S

remain
together.

Comparison between Mitosis and Meiosis |
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{i(v)  Prophase I
e Chromatin fibre becomes_more tightly coiled, condensing into chromosomes.
e Nucleolus disperses and seems to disappear.
e Nuclear envelope fragments.

(vi) Metaphase Il

e Microtubules from centrosome attach to kinetochore at the centromere of each
chromatid _of chromosome, becoming kinetochore microtubules. (Sister
chromatids may no longer be identical as crossing over may have occurred in

Prophase ).

e Centromeres of chromosomes are aligned along the metaphase plate,
perpendicular to the metaphase plate in metaphase | by microtubules.

¢ Non-kinetochore microtubules interact with those from the opposite pole of the
spindle.

MEIOSIS II: Separates sister chromatids
Prophase II Metaphase I1 Anaphase I1 Telg‘;:‘;:iﬁes[s

During another round of cell division, the sister ids finally
i hanloid 5 s i

pl ghter cells result, g

Haploid daughter cells
forming

Diagram of Meiosis I
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vii) Anaphase Il

Centromere separates and two _non-identical sister chromatids separate, thus
becoming two daughter chromosomes.

Daughter chromosomes migrate toward opposite poles of the cell, with the
centromere leading the way as kinetochore microtubules shorten.

Non-kinetochore microtubules lengthen, leading to cell elongation.

(viii) Telophase Il

Nuclear envelopes reform from the fragments of the endomembrane system to

form two nuclei.

Nucleolus reappears.

Chromosomes become less condensed to form chromatin.
Microtubules disperse by depolymerising.

Four haploid daughter nuclei will arise from one diploid parent nuclei.
Cytokinesis then occurs as in mitosis.

J1/20143
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|
- Parent cell - Chlas!'na (alto of MEIOSIS | |
|

= > = ‘ |

Prophase ’ &£ [ —— Prophase | ,’
Chromosome /// Chromosome |

4:‘ replication — replication T.(md formed by |

Duplicated chromosome el - synapsis of homologous
(two sister chromatids) 1 = 1 chromosomes |
J

/""l\ " |

) |

//{'\ Chromosomes Tetrads /_ ﬁ N |

Metaphase _— ® "  positioned at the positioned atthe =~ e Metaphase | |
_____—  metaphase plate metaphase plate 5 u - |

.Y |

|

|

separate during '“p,m(;

/ \ \ Telophase |

Anaphase
Telophase
anaphase during
anaphase |; Hoplojd |
= sister s n=3 |
e P |
- o= - = chrovlna:lds Daughter |
- - remain togethe cells of
= == meiosis | f
2n 2n MEIOSIS ]
Daughter cells 2 N e
of mitosis - = — o=
n n n n ‘f
Daughter cells of meiosis Il |
|
Sister chromatids sep during anaphase |l |
Comparison between Mitosis and Meiosis
b)) Significance of meiosis

e The production of_haploid gametes by meiosis is important prior to fertilisation in
sexual reproduction, where fusion of gametes from different parents occurs_to form a

zygote.
Meiosis ensures maintenance of chromosomal number in_offspring and prevent

doubling of chromosomal numbers during fertilisation

e Meiosis generates genetic variation in offspring by producing recombinant gametes

through:
(i) Crossing over between non-sister chromatids of homologous chromosomes

(i) Independent assortment of homologous chromosomes

There are three processes that contribute to the genetic variation arising from sexual

reproduction:
(i) Crossing over between non-sister chromatids of homologous chromosomes

J1/20143
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(i) Independent assortment of homologous chromosomes and
(i) Random fertilisation

e Note: The source of new genetic variation_is due to_spontaneous mutations of DNA
(e.q. errors that occur during semi-conservative replication), which results in different
nucleotide sequences of a gene (alleles).

e Genetic variation in a population (genetically different individuals of the same species)

is_ the basis for natural selection.
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(i) Crossing over

e Crossing over occurs between non-sister chromatids of homologous
chromosomes resulting in_chiasmata formation, during prophase | of meiosis.

e Chiasmata (singular = chiasma), the X-shaped regions exist at the point where
crossing over has occurred.

e Crossing-over result in the_exchange corresponding DNA segment of
chromatids, thus separating alleles of linked genes and creating new_allelic
combinations in the chromatid.

e Crossing-over is a process that involves:
o Breakage of a corresponding DNA segment from each non- sister chromatid,
o Exchange of the corresponding DNA segment _ between non-sister
chromatids, and
o Rejoining of the DNA segment_to the other chromatid, resulting in
chiasmata.

Formatted: Font: 10 pt, Font color: Auto, Expanded by
0.05 pt

A ) N
'\ 2,4 5
Two homologous chromosomes
2,4 undergo synapsis in meiosis
3]
1,4 Crossing over
12 3 7 v between a pair

2,3 s of homologous
Gl /' chromatids

Figure 23.7 Chi A is a ph
graph of a bivalent at late prophase from testis of
grasshopper. B is an interpretive diagram.
Chiasmata are numbered according to which
chromatids are in contact. Note that chiasmata
can be formed between any two non-sister chro-
matids. (Bernard John, Australian National Uni-
versity)

Diagram of crossing over [Formatted: Font: 10 pt, Font color: Auto, Expanded by
0.05 pt

In the diagram above,

e Parental chromosome contains linked genes, V_and B. One homolog contains
dominant V and B alleles while the other contains recessive v and b alleles.

e Crossing over occurs between two non-sister chromatids, resulting in_an
exchange of allele for the gene B. This result in two recombinant
chromosomes; one contains V _and b alleles and the other contains v _and B
alleles.

e Four different gametes with different allelic combinations are produced: VB, Vb,
vB and vB.
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(i) Independent assortment of homologous chromosomes
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Independent assortment is the random orientation of pairs_ of homologous
chromosomes along the metaphase plate independent of other bivalents during

metaphase |
Independent assortment of homologous chromosomes occurs during metaphase |

H2 Biology
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i

-

leading to independent segregation during anaphase 1.

Gamete type is affected by homolog pairing

Possible Possible
Arrangement 1 Asrangement 2

homalogous

chromosomes
Lﬁeplication Repli(:ationl

Diagram showing independent assortment and independent segregation

In the diagram above,

During prophase I: Bivalents are aligned where the maternal homolog and paternal
homolog faces each side of the pole

At metaphase I: The two pairs of homologous chromosomes randomly orientate
themselves along the metaphase plate. Thus, the first arrangement is equally as
likely as the second arrangement.

During anaphase |I: Homologous chromosomes separate independently of other
bivalents (i.e. independent segregation).

Note: Only two of the four combinations of daughter cells shown would result from
meiosis of a single diploid cell, because a single parent cell would have one or the
other possible chromosomal arrangement at metaphase |, but not both.

However, the population of daughter cells resulting from meiosis of a large
number of diploid cells contains all four types of gametes in approximately
equal numbers.

The number of possible chromosomal combinations in a gamete is 2", where n =
haploid number of the organism.
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o __In humans, the number of possible chromosomal combination is 2%, thus_2%
different combinations of gametes can be produced by an individual.
(i) Random fertilisation
e During fertilisation, genetic_material from two different individuals is_combined by
random fusion of gametes.

o Inhumans, the number of possible combinations of zygote is 22° x 222,

“« Formatted: Indent: Left: 0.7 cm, Line spacing: single, No
bullets or numbering

(@) Non-disjunction
e An error during meiosis that result in chromosomal aberration, aneuploidy.

Chromatinis the complex of DNA-and proteins: . ( Formatted: Line spacing: single, Don't snap to grid )
“ Formatted: Add space between paragraphs of the same
style, Line spacing: single, Don't snap to grid

e Non-disjunction occurs when:

o A pair or pairs of homologous chromosome fail to separate_during Anaphase | of< Formatted: Add space between paragraphs of the same
meiosis or style, Line spacing: single, Don't snap to grid

o sister chromatids fail to separate during Anaphase Il of meiosis.

e This results in aberrant gametes:

o gamete receives two of the same type of chromosome / extra chromosome (n+1)
or

o gamete with no copy of a particular type of chromosome / lacks a chromosome (n-1)

e |f an aberrant gamete fuses with a normal gamete, the zygote will have an abnormal
number of chromosomes (2n+1) or (2n-1), a condition known as aneuploidy.

For example,

o Down syndrome (trisomy 21),

o Turner syndrome (XO),

o Edwards syndrome (trisomy 18) and
o Patau syndrome (trisomy 13).
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cycle-tecontrol-therate-ef cell-division- — control points to determine if the cell will proceed to
the next stage.

G, checkpoint

Pass this checkpoint if:

» cell size is adequate

* chromosome replication is
successfully completed

Mitosis

Metaphase checkpoint

Pass this checkpoint if:

 all chromosomes are attached
to mitotic spindle

G, checkpoint

Pass this checkpoint if:

 cell size is adequate

* nutrient availability is sufficient

* growth factors (signals from
other cells) are present

Diagram showing Cell Cycle Control . ( Formatted: Centered

There are three checkpoints during the mitotic cell cycle at Gi1, G2 and metaphase.

e G; checkpoint ensures that the cell size is adequate and there are sufficient nutrients
available and growth factors present for cell to undergo mitosis.

o If the cell does not pass the G checkpoint, the cell will exit the cycle, switching into a
nondividing state called the Go phase.

e G checkpoint ensures that the cell size is _adequate and semi-conservative DNA
replication has been completed successfully.

e Metaphase checkpoint ensures that all chromosomes are attached to spindle fibres /
microtubules at the metaphase plate before proceeding to anaphase.

e When all checkpoints are passed, cell cycle continues to the next stage.

J1/20143 56



3 IR VIR W A

% NANYANG JUNIOR COLLEGE H2 Biology
Cell and Nuclear DivisionFopic-E-Mitosis-&
e i

“ [Formatted: Right: 0.01 cm

| J1/20143 57



a NANYANG JUNIOR COLLEGE H2 Biology
Cell and Nuclear DlethlepleBMl&eas&

3 IR VIR W A

“ [Formatted: Right: 0.01 cm

(a) Genes involved in control of cell cycle

Many genes interact to A-rumber-offactors-appearto-influencdetermine if e-whether-ornot
aa cell divides and how rapldly it d|V|des4ee\AFna|elelledees Ihemestelmpertamefaetems

In a healthy cell the—aeuw%y—ef—these—genes— these areis—_| balanced and controlled by

external factors so that cell division only takes place as-and-when itis required.
Two classes of genes that regulate cell division are proto-oncogenes and tumour

suppressor genes.

(i) Proto-oncogenes

e Proto-oncogenes in-the-cell-encode many-types-of-proteins that stimulate normal
cell division.

e The gain-of-function _mutation of proto-oncogenes to oncogenes leads to
increase in_amount of proto-oncogene’s protein product or permanently
activated proteins.

e This will result in uncontrolled cell divisiongrewth, possibly leading to cancer.

e Gain-of-function mutation result in a dominant allele as the effect of the normal
allele is masked by the mutated allele. Only one allele of a gene needs to be
mutated to have an effect.

o E.q.One-impertantproto-oncegene-is Ras gene;swhich codes for Ras protein,
is a G protein that relays a signal from growth factor receptor on cell surface

membrane to a cascade of protein kinases which result in —Ras—pretein
eswhich-normal s-cell division.

o —which—will-Ras oncogene codes for a permanently activated Ras protein

which triggers the kinase cascade in the absence of growth factor, resulting in
uncontrolled cell division.

e There are five main classes of proto-oncogenes, namely those which codes for:
o One-importantprotegrowth factors,

growth factor receptors,

signal transducers,

transcription factors and

programmed cell death regulators.

o O O O
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(a) Cell cycle-stimulating pathway.
This pathway is triggered by @) a growth =
factor that binds to €3 its receptor in the
plasma membrane. The signal is relayed to
a G protein called Ras. Like all G proteins, Ras
is active when GTP is bound to it. Ras passes
the signal to € a series of protein kinases. (2] Receptor
The last kinase activates € a transcription
activator that turns on one or more genes
for proteins that stimulate the cell cydle. If a
mutation makes Ras or any other pathway
component abnormally active, excessive cell
division and cancer may result

Gene expression ‘

Protein that *
stimulates

L the cell cyde

Diagram showing function of Ras protein
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Tumour suppressor genes encode proteins that in-ene-way-oranetherinhibit cell
division or promote apoptosis (controlled cell death).

The loss-of-function _mutation of tumour suppressor genes to mutated tumour
suppressor genes leads to no_protein product or decrease in_amount of
protein product or permanently deactivated proteins.

This will result in uncontrolled cell divisiongrewth, possibly leading to cancer.

Loss-of-function mutation result in a recessive allele as the normal dominant
allele encodes functional protein. Two alleles of a gene need to be mutated to
have an effect.

o E.q.One-impertantprote-oncogene-is p53 gene;-which codes for p53 protein,
is a transcription factor that promotes synthesis of protein that triggers cell

cycle arrest or promote apoptosis when DNA damage is detected.

o —which—will-Mutated p53 tumour suppressor genes result in no p53 being
produced. Cells with damaged DNA which are not supposed to proliferate will
continue to divide, resulting in uncontrolled cell division.

There are five main classes of tumour suppressor genes, namely those which
codes for:

o Intracellular proteins that inhibit progression into a specific stage of cell cycle.
Receptors for secreted hormones that function to inhibit cell proliferation.
Checkpoint-control proteins that arrest the cell cycle if DNA is damaged.
Proteins that promote apoptosis.

Enzymes that participate in DNA repair.

O O O O
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(b) Cell cycle-inhibiting pathway. In this 4

pathway, WDNA dama
signal that is passed via
and leads to activation of

p53 promotes transcription of the gene for a
protein that inhibits the cell cycle. The
resulting suppression of cell division ensures
that the damaged DNA is not replicated. If
the DNA damage is irreparable, the p53
signal leads to programmed cell death
(apoptosis). Mutations causing defidendes in
any pathway component can contribute to

the development of cancer.
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(b) Onset of cancer

When the mechanisms—that—control of the cell cycle is are—defective, cells divide
uncontrollably. These cells are called cancer cells.

atumod:
e Cancer cells exhibit One-of-thereasons—for-development-of-tumouris-thea loss of

anchorage dependence-in—cancer—cells. Normal cells need to anchor to a surface

before they can divide. Cancer cells are able to divide without a surface to anchor-

e AnCancer cells exhibit a lack of
density-dependent inhibition-incancercells. Normal cCells nermally-only-divide as a
single layer and stop dividing when-they-ceme-intoupon contact with another cell. C-
Hewever—eancer cells continue to divide upwards-even after a layer of cells had been
formed.

o Thiscauses-atumourtoform. <

Cells anchor to
dish surface and
divide (anchorage
dependence).

When cells have
formed a complete
single layer, they

stop dividing (density-
dependent inhibition).

If some cells are
scraped away, the
remaining cells divide
to fill the gap and
then stop (density-
dependent inhibition).

(a) Normal mammalian cells. The availability of nutrients, growth
factors, and substratum for attachment limits cell density to a
single layer.

Cancer cells do not exhibit
anchorage dependence or
density-dependent inhibition.

(b) Cancer cells. Cancer cells usually continue to divide well beyond
asingle layer, forming a clump of overlapping cells.

FIGURE 12.16 Density-dependent inhibition of cell division.
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Diagram of cancer cell
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| As a result, a clump of overlapping cells is formed called tumour. There are 2 main+< '{Formatted: Justified, Indent: Left: 1.4 cm, First line: 0 cm, }
types of tumour: Line spacing: single

e Benign tumour
o a mass of abnormal cells that grows and remains_lecally—(i.e—at the original

location nd-does-not-invade-neighbo ng as-o nread-to-othaern of-th
boehy.
o Can be completely removed by

e Malignant tumour:
o an uncontrolled, growing mass of cells which may lose their attachment to

neighbouring cells_and —Fhey-can invade surrounding tissue migrate—to-nearby

This spread of cancer cells to distant sites is called metastasis.
An individual with a malignant tumor is said to have cancer.
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(c) Causative factors

Cancer usually develops when cells escape normal cell cycle due to oncogenes or
mutated tumour suppressor genes.

There are various factors, physical, chemical and biological, that can cause mutation of
these genes and increase the chances of cancer.

(i) Physical factors:
e |onising radiation: a/ B /y radiation, X-ray
o Radiation causes formation of chemically active ions in the cells which are
capable of damaging and breaking DNA.

e Ultra-violet light
o Absorption of UV causes DNA to increase in energy level, causing damage to

DNA double helix by creating kinks. .
’ < « [Formatted: Indent: Left: 3.5 cm, Line spacing: single, No J
(i) Chemicals factors (carcinogens): ethidium bromide, asbestos, coal dust bullets or numbering
e Mutagens that cause chemical changes in bases resulting in incorrect base

pairing, results in insertion or deletion of base pair.
Iy « Formatted: Indent: Left: 2.8 cm, Line spacing: single, No
(iii) Biological: bullets or numbering
Blological:
e Viruses: retrovirus, DNA virus.

o These viruses alter DNA sequence of host leading to formation of oncogenes,
e.g. Human papilloma virus causing cervical cancer.

e Fungus
o Stored grains and peanuts contaminated with Aspergillus flavus, fungal poison

called mycotoxins can cause liver cancer.

< « Formatted: Justified, Indent: Left: 3.5 cm, Line spacing: J
) . . . . ingle, No bullet i
(iv) Genetic factor: inherited cancer-causing-gene from parent single, No bullets or numbering

e Mutated genes such as either oncogenes or mutated tumour suppressor genes
found in gametes of parents.

o e.g. Colon cancer usually runs in the family.
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