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Cell division and reproduction
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The two fundamental characteristics of life are: the ability to grow and
the ability to reproduce. Both characteristics depend on the cell ability to
divide. Cell division is the process by which a cell produces two daughter
cells. Cell division serves many purposes:
For single-celled organisms, it is a method of increasing their number.
For multicellular organisms, it is a process that leads to growth,
replacement of damaged cells, healing injuries, and producing
reproductive cells. These reproductive cells fuse together to produce a
new organism which grows by division of zygote.
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JS&) There are two main types of reproduction A3l (pe G )y (plaad llia -
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Both binary fission and mitosis are methods of asexual reproduction. The

asexual reproduction requires only one parent cell which divides and

produces two daughter cells that are genetically identical to the parent
cell.
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Binary fission is a method of cell division used by unicellular
organisms especially prokaryotes. During binary fission, the
prokaryotic cell’s single strand of DNA replicates, the two strands
separate, and a new cell wall is formed between the two DNA
moleculesand results two daughter cells. This ensures that each of
the daughter cells receives the same information that was found in
the parent cell. It aims to increase the number of prokaryotic
organisms.
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The second type of cell division is mitosis, a method of cell division
in eukaryotes; like binary fission, it also produces two identical
daughter cells that are also genetically identical to the parent cell
(the same amount and type of genetic material). Eukaryotic cells
have several chromosomes that are replicated and divided by
complex processes. The aim of this type of reproduction is growth,
replacement of damaged cells, healing wounds and injuries.
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This type of reproduction occurs in eukaryotes, and it includes
meiosis a method of cell division that produces daughter cells that

have half the genetic information of the parent cell.
This kind of reproduction requires two parents to give genetic
information and produce a new organism. Sexual reproduction is
the combining of genetic information coming from two parents.
Therefore, the new individual is unique. These cells have half of
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genetic material found in mother ceI\I.ﬂThe male gamete (sperm)
and female gamete (egg) fuse together to form zygote which has

same number of chromosomes of the parents.
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The cell cycle consists of all the stages of growth and division for a
eukaryotic cell.
All eukaryotic cells go through the same basic life cycle, but they vary in
the period of time spent in each stage. As the cell’s life cycle is a
continuous process without a beginning or an end, so when cells complete
one cycle, they begin the next.
The cell cycle includes the stages in which the cell spends its time
involved in metabolism, as well as the stages of cell division.
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Interphase is the longest stage of the cell cycle. During interphase, the
cell engages in metabolic activities to prepare for the next cell
division.
Interphase contains three distinct phases of cell activity G1, S, and G2.
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1- The G1 stage of interphase (the first gap phase):

During the G1 stage, the cell gathers nutrients and other
resources from surrounding environment. Gathering nutrients
allows the cell both to grow in size and to carry out its usual
metabolic roles, such as producing tRNA, mRNA, ribosomes,
enzymes, and other cell components.

Often, a cell stays in G1 for an extended period, and this is a
normal process. For cells that remain in the G1 stage for a long
time and stop dividing, the stage is often renamed the GO stage,
because the cell is not moving forward through the cell cycle. In
the GO stage, cells may become differentiated, or specialized in
their function, such as becoming nerve cells. If a cell is going to
divide, it moves to the S stage.
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The S stage of interphase (synthesis phase):
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During the S stage, DNA syntﬁggiéw\E(pf”éplication) occurs. With two
copies of the genetic material, the cell can distribute copies to the
daughter cells as chromosomes.
The DNA in chromosome is wrapped around histone proteins to form
nucleosomes. The nucleosomes are coiled into chromatin. Chromatin
iIs DNA wrapped around histones proteins. The individual chromatin
strands are too thin to be seen. When chromatin becomes coiled, it
becomes visible as a chromosome. As chromosomes become more
visible at the beginning of mitosis, we may observe two threadlike
parts lie side by side. Each parallel thread is called a chromatid. A
chromatid is one of the two parallel parts of a chromosome, each
chromosome that contains one DNA molecule. After DNA synthesis,
the chromosome contains two DNA molecules, one in each sister
chromatid. Sister chromatids are the 2 chromatids of a chromosome
that were produced by replication and that contain the same DNA.
The centromere is the point where the sister chromatids are attached
in a chromosome.
(G2) SN gl Hsha -3
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The G2 stage of interphase (the second gap phase):

The final stage of interphase is G2. During G2 stage, final
preparations are made for mitosis. The cell makes the cellular
components it will need to divide successfully, such as the proteins it
will be used to move the chromosomes.

At this point in the cell cycle, the nuclear membrane is intact. The
chromatin has replicated, but it has not coiled and so the individual
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chromosomes are not yet visible. The nucleolus, the site of ribosome
manufacture, is also still visible during the G2 stage.

:(Mitosis) i) alud) -
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Mitosis-cell replication
The individual stages of mitosis transition seamlessly from one to the
next. Because there are no clear cut beginning or ending points for each
stage, scientists use key events to identify the different stages of mitosis.
The four phases are:
prophase, metaphase, anaphase, and telophase.

Ooads S g skl 1 A Gy L aal :(prophase) gsaaill jghll -1
Jns plasiil) Jae Gl 0S5 ¢ sedally cilgranal) Ay Tl dgila s U Ja gl
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1-Prophase:
Key events: Chromosomes condense, Spindle and spindle fibres
form, Nuclear membrane disassembles, nucleolus disappears.
:(metaphase) sl jshll -2
Gl b Cumy (Al S a3 el da all ks 8 il ()
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Chromosomes align at the equatorial phase of the cell. The
chromosomes are at their most tightly coiled, are attached to spindle
fibres and move along the spindle fibres until all their centromeres
align along the equatorial plane of the cell. It is considered the best
stage to study number, shape and size of chromosomes.
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Sister chromatids move toward opposite poles of the cell. And these
chromatids become known as separate daughter chromosomes.

:(telophase) g Lshll-4
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Spindle fibres disassemble, Chromosomes uncoil, nuclear membrane re-

forms, Nucleolus re-forms.
:(Cytokinesis) ¢amdh sisud) abuddy) -z
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In this phase, a contractile ring, made up of actin microfilaments, is
formed to divide cytoplasm of the cell and different organelles into two

new cells.

srid) aludiy) alil 327

Lebaliis oSl Tnmal) Lo g1 s Ll (g il it Cumg el A oS
Aaliie il )50 )l (b aal 50 Lead LAY dala gy Anmal) gl g Let i
O s G Amplall Alal) 8 LLY) Aleald Aaie (5 A1 5 pliD (i Ja)
Sl sall e e sl Gada Jae (g

OS 1Y) Lad dasy (45 W] e A gsuse (pludiDl) dlafie &) 50) P53 45 ) sall 2
L caluil 2lall s 45 ) sall 38 (i il DNA IS 13 Y ol 5 jaie 2AAUDNA
135 aalats Tasitl (s al iy Shay sed ) waie DNA (sl 18 (o€ 13
Lolas dalite Alaiasd (455l 138 3ony (DNA ksl oy Cumy 1508 5 puall o<
Ga sl SV e %40 G GlagY) afT a8y AIAN 1D jaexi Can ged Al
G a3 Gl 5kl o3 A1) 5 ) (Sary P53 A sall A 5k Lenans 48 5all

Al ) Jal 5o

Lol ey Lo ollia (LA Aludi] aylal ddadial) 5 A Sl il ) sall Joe ) ALl
Ll Cpe LAY Led oSl 4, 5180 5 )l & cld sl e 3 ke a5 (Checkpoints) Casil
peidle daia andil iligg pll Llaill o3 4 LA Jeaiud | @3 aLaaidl 3 jals
Caran Jla 8 Agla) LAl dalan )35 Y culS 135 canadl 8 LAY &8 505 1) 51)
e alaa ) Cagola asay sl (LA Al IS o G sl salall aall A

https://manara.edu.sy/




[

6ylal
WAl e 4l LS saal) Gag lll e Lay il LAY e 4l e jLals
(58l ALY dalie

Controlling Mitosis

The cell division process is regulated so that it does not interfere with the
activities of other cells or of the whole organism to determine if cell
division is appropriate, many cells gather information about themselves
and their environment.

The cell produces many proteins to gather this information and asses if
cell division is appropriate. These proteins are made by one of two
classes of genes. Proto-oncogenes code for proteins that provide signals
to the cell that encourage cell division. Tumour- suppressor genes code
for proteins that provide signals that discourage cell division. A healthy
cell receives signals from both groups of proteins about how appropriate
it is to divide.

The balance of information provided by these two groups of proteins
allows for controlled cell division.

One tumour-suppressor gene is p53. Near the end of G1, the protein
produced by the p53 gene identifies if the cell’s DNA is damaged. If the
DNA is healthy, p53 allows the cell to divide. If the p53 protein detects
damaged DNA, it triggers other proteins to become active and repair the
DNA. If the damage is too extensive for repair, the p53 protein triggers
an entirely different response from the cell. The p53 protein causes the
cell to self-destruct.

The p53 protein is mutated in 40% of all cancers. The mutation may
be inherited or may be caused by agents in the environment.

Checkpoints are times during the cell cycle when cells determine if they
are prepared to move forward with cell division.

At these checkpoints, cells use proteins to evaluate their genetic health,
their location in the body, and a need for more cells. Poor genetic health,
the wrong location, and crowded conditions are typically interpreted as

10
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signals to wait. Good conditions are interpreted as signals to proceed with
cell division.
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Gamete mother cell undergoes meiosis to produce haploid gametes.
Meiosis includes two sequenced divisions: Meiosis | and Meiosis Il. The
Meiosis | is preceded by interphase.
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- Meiosis |
Meiosis | is a reduction division, in which the chromosome number in the
two cells produced in reduced from diploid to haploid. The sequence of
events in meiosis | is divided into four phases: prophase I, metaphase I,
anaphase 1, and telophase I.
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1- Prophase I: key events:
Chromosomes condense, Spindle and spindle
fibres
Nuclear membrane disassembles, Synapsis and

crossing-over occur

:(metaphase) Js¥) Al siul) ) shatl-2
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2- Metaphase I:
The chromosomes are at their most tightly coiled, are attached to spindle
fibres by their centromeres through kinetochore . Chromosomes align on
equatorial plane as synapsed pairs.

:(@anaphase) Jds¥) 8agd o) Juadil) ) sh-3
aab ) i) el 7 0 e Ciasa (e il ria JS 5 jaa Aa ) 34 (S &
Aanall Arpall Cinali Gas Lee Legany 0o Gl Juaiil oy o 50 B8 ol

IRTERR
3- Anaphase I:
Homologous chromosomes separate from each other.

Chromosomes move toward cell’s poles.

Reduction occurs (diploid 2N to haploid 1N).
:(telophase) Js¥) Al Jshatl-4
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4- Telophase I:
Spindle fibres disassemble, Chromosomes uncoil, Nuclear
membrane re-forms, Nucleoli reappear.

AU Ciatal ludny)
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Meiosis 1

Meiosis Il includes four phases: prophase Il, metaphase 11, anaphase II,
and telophase I1.

The events in the division sequence of meiosis Il are the same as those
that occur in mitosis.

At the end of meiosis four haploid daughter cells are resulted.

Prophase 1 SGl g pasill jghll -1
Clraall 4 o) 4agle 5 SI Ja gl 0 3lad 5 @K s shall 138 DA Caany e s
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Chromosomes condense, Spindle and spindle fibres, Nuclear membrane
and nucleolus disassemble.
:(metaphase 1) ) 1 g3l jshal) -2
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The chromosomes are at their most tightly coiled, are attached to spindle
fibres and move along the spindle fibres until all their centromeres align
along the equatorial plane of the cell -
:(@anaphase 1) Ll 3 gl 5 Juald) ;sh -3
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Sister chromatids move toward opposite poles of the cell. And these
chromatids become known as separate daughter chromosomes.
:(telophase 1) SG Agdl ,ghll-4
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Spindle fibres disassemble, Chromosomes uncoil, Nuclear membrane re-
forms, Nucleoli reappear. Cytoplasm and its organelles divided and

produce four haploid cells each cell has half chromosomes of mother cell.
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