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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 @ 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.
« il Jalad
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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.
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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
genetic material found in mother cell. The 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.
((G1) Js¥) saill Hsh -1
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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.
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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.
(S) =S gk -2
A0 )5l Balall e (idnd 3sa g aag (DNA (“aelial) s i3 gkl 13 < A
OsSoil) Gl e GlpualS pidall Gils a9 e 808 Al oSS
Clapally cany Lo IS8 4 gl @iligi sy Uadije ruall 8 DNA s a
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The S stage of interphase (synthesis phase):
During the S stage, DNA synthesis (replication) 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) LUl saill )5k -3
i) dgleal Ailgil) Cl jpcmall Caaad ¢l ) ghall (e 5_pal) A yall Jiay
i) ol sl Lealiag 4y i ClaniSal (WS (5 14 plikaaly Jiatiy | ol
haall ¢l jad 8 adiin b g Al 5l Jie zlads g 51
s yall 3 8 cpanal s (Al Glapuall delia a8 50) 435l 5 5 530 eliall o &S
Sap W el ddile je (Sl ddeliaie iiles SIH Jaga (5S35 lall 5 lall (e
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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
chromosomes are not yet visible. The nucleolus, the site of ribosome

manufacture, is also still visible during the G2 stage.

:(Mitosis) (Add) alud) -
Aoyl O Dl Aalide Calaal elalell aasiind 13 GVl dal pe G dlals Lalas @llia (gl
Dshlls (Bonell) duadi¥l sk ¢ AN skl g mandll skl iy dal e
el
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.

Oolais ESE skl 1 A Gy L aal i(prophase) gosasill skl -1
oras aludi¥l Jjre Gl (G5 ¢ gedally cilbpnall 4y fand dagle g <UL gl
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1-Prophase: -
Key events: Chromosomes condense, Spindle and spindle fibres

form, Nuclear membrane disassembles, nucleolus disappears.

:(metaphase) 3 siad) yohll -2
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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.

:(anaphase) ¢l sl Jual) jsh -3
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Sister chromatids move toward opposite poles of the cell. And these

chromatids become known as separate daughter chromosomes.

:(telophase) g skl -4
asaall asail Clnall oplad iy L@l e dagd clan As ) oda
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Spindle fibres disassemble, Chromosomes uncoil, nuclear membrane re-

forms, Nucleolus re-forms.
11
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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.
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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
13
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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
signals to wait. Good conditions are interpreted as signals to proceed with

cell division.

Meiosis-Gamete production g s¥) J:S4s -ciuaiall aludiN) 4-7

LD e Tk e oo IS Al dapall Cias e (g 5a3 Al Gl e V) JiSl
Caaiall 2LtV pullite paludily Jichy o3 Cuaial) sludi¥l dlee (pal e S 52l sl Y
B grse JY1 Caaiall Al 06K () S Cuaiall aludiV) 5 (Caaia) Y
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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.

14
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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 |, anaphase I, and telophase I.

Jasaall olady (o5 g skl e DA iy e aal sdsY) gumdaadl) gkl -]
COAT Ay @) J e Gl IS ¢ selally cibgnall Ay ol dyisle y SU
dalse paed ) gl skl andy J5Y) Caaial al@il) 4 5551 oLiR)
Lalas 8 Legdalii )5 0 B (pina JS £l 5 Cilranall () 3la3 5 Bl dlay Ganals
O Al ol adaladll bl Jian Allg (chiasmata) <cldbadll JSEsd sadas
ol oy sl Ay o B (e zo ) Oaaiial GESLN e sl
Crossing-) sl e xi &dla e (Al e Gussall o Led 441l 3alal)
.(over
Ge Al 2 AV e Jaad dana A5 ) ) (gas A0 salall Jals )
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REPEN

1- Prophase I: key events:

15
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Chromosomes condense,  Spindle and spindle fibres,
Nuclear membrane disassembles, Synapsis and crossing-
over occur
:(metaphase) Js¥) i) Jghall-2
Gilgall Jadi i Guny (Al G ala s el Als sl sda 4 Gl (5SS
.(kinetochore) S,all 3l Gk e Aladi¥) Jore Jasd g S el e e
ol IS8 e 4 i) Al 8 clssal) a5
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¥) s agd) sl Juadiy) sh-3
aal o @l aall 530 (e Gaiasa e il Ghaa IS 5oaa dla el ke 8 24
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3- Anaphase I:
Homologous chromosomes separate from each other. Without
separating sister chromatids from each other. This secures halving

number of Chromosomes. Chromosomes move toward cell’s poles.

Reduction occurs (diploid 2N to haploid 1N).

16
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4- Telophase I:

Spindle fibres disassemble, Chromosomes uncoil, Nuclear
membrane re-forms, Nucleoli reappear. Four haploid cells are

produced by the end of cell division.
Al Chaial) aluddy)

(B gl sk o SN i1 skl S g ymianil) ) ghall ) je day )l Ganaly
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- Meiosis I
Meiosis Il includes four phases: prophase Il, metaphase Il, anaphase II,
and telophase II.
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 I1: (Sl g _uasill jghall -1
bl iy 1ot 4igle 5 jSI Ja godl) 0 3las 5 (@SS s shall 138 DA Chany L aaf
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17

https://manara.edu.sy/




Dy

oyl_aJl

Chromosomes condense, Spindle and spindle fibres, Nuclear membrane
and nucleolus disassemble.
:(metaphase 11) S& A gt jghl) -2
Gl Jag i Cusy (Al ESH Glapy el Alsall oda 8 cilsall S
(kinetochore) = i85y daa G yh e abadi¥) J e b i aa (5 38 all e o
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) Gl 3 gl ol Jadiyl sk -3
IS chnd isdll Guanall Juad ) 5058 Glrall sLai¥) J e SUIT a5 dlee ()
DAY raall (Slee i ) jalen hiea Logho

Sister chromatids move toward opposite poles of the cell. And these
chromatids become known as separate daughter chromosomes.
:(telophase 11) A4 Agd) ) ghall-4
Aaiile s S da i) 3 el Cilasall () 3lat Slity g cla yall 38 b sLuiV) J jae Jo s Slasy
Aalidall Lgiliae 5 LawDl sl aludil oy 5 JSEE (55 9il) o Liall 5 by gill 2 5a% 5 ) sedall ]
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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.

18
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