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Cell Division

I-Mitosis: in somatic cells

— 5 giving
with the

&

amount of as parent

cell.

lI-Meiosis: in germ cells

— giving @l daughter cells | & '

chromosomes &  half
amount of DNA (gametes).

Mitotic division
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First meiotic division

Second meiotic division







Centrosomes

(with centriole
DNA

double
helix

Nuclear Chromatin
envelope

DNA can be found in two forms:
- Chromatin: Hetero+Eu (interphase nucleus)
-Chromosome: tightly wound, condensed form (during
division)

1n = amount of DNA in 238 chromosomes.

2n=amount of DNA in 23d or 46 =23pair Schromosomes.

4n =amount of DNA in@6d chromosomes.







Definition :It is a SpECialfermPeRcellNdivision in which
the chromosomes number isHEdUEEENFromM diploid (2n)
to haploid (1n).

The DNA content of the original diploid cell is duplicated
during the (S=phaséy of the cell cycle before starting
meiosis.The cell at the start of meiosis contains diploid

~number (46 d) & double amount of DNA (4n).
b

_ .
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It occurs only in the germinal cells of the EStiS) &
BVaRy) to produce [AMEEES; (OVAISISPErMatozoa) so,

called gametogenesis.




Phases of Melosis:
It consists of two division:

1. Meiosis I: The cell with @6d chromosomes divides giving
rise to two daughter cells each has[23"@ chromosomes and
the amount of DNA isf2A. Each chromosome is formed of 2
chromatids.

2.Meiosis II: In this division there is (AGTSSPR&sE. The [{WO

chromatids of each chromosome are separated, as in mitosis,

leading to the formation of WG daUERTEFCEllSTeach Has 235

(Chromosome (haploid number of chromosomes and the
amount of DNA is{Ih).



STAGES OF
MEIOSIS:

MEIOSIS |




Meiosis |  eat_ v g,
Prophase I

Thereare 5 stages, each named based on the morphology

of the chromosomes.

1 EEptetene (thin thread)
2{ZyB0teneé (paired thread)

3 Pachvtene (thick thread)
A4Dipletene (two thread)
5-Diakinesis(moving through)



LEPTOTENE

1-Leptotene (thin thread):
* TheBIEERrOMBSOMES are visible & appear as long

strands.

* Each consists of two chromatids attached by
centromere.
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Homologous Synaptonemal Bivalent
synaptonemal Chromosomes complex forming (Tetrad)
complex (Synapsis begins)

Zygotene Synapsis: Pairing of Homologous Chromosomes

2-Zygotene (paired threads):
* During this stage, homologous chromosomes (maternal &

paternal) begin to synapse (URit€)NWithieachiother by
Syhaptonemalcompléex) through a mechanism called
(zipper like pairing).

* The paired homologous chromosomes are called

(bivalents. Each bivalent is formed of four chromatids
(tetrad).



3. Pachytene (thick threads):

*The chromosomes become
shorter & thicker.

*Crossing over between
non-sister homologous

chromatids takes place

through Ehiasmata (Site"of
exchange  of  genetic
‘material).

sister
chromatids

I_I_I

I crossing-over
tetrad between nonsister
chromatids




chiasma

\

4. Diplotene (two threads):

* Longitudinal ([separation & more condensation of the
two homologous chromosomes Excépt at the
chiasmata.

*The crossed area or chiasmata makes attachments
between the chromosomes holding each bivalent
(tetrad) together until metaphase.



Centrosomes with centrioles
Spindle fibers

Chiasma

Centromere

Daiones:s Metaphase 1

DIAKINESIS

5. Diakinesis (moving through):

* Maximum condensation of chromosomes
(the d-chromosome becomes thicker &
shorter).




5. Diakinesis (moving through):

-Maximum condensation of chromosomes (the d-chromosome
becomes thicker & shorter).

-The chromosomes become free in the cytoplasm & the cell proceed
to metaphase.

Centromere Tetrad
@
Synaptonemal

complex
Leptotene Zygotene Pachytene

Chiasma
Diplotene Diakinesis Metaphase 1




Metaphase I:
-Shortest phase

-The homologous chromosomes

sister chromatids fuse
and function as one.
Microtubules can
~— = attach to only one side
of each centromere.




Anaphase I:

-Homologous chromosomesmigrate
away from each other, §6iRgtO

-Each chromosome still consists of
two chromatids.

Microtubules pull the
homologous
chromosomes
apart, but sister
chromatids are

held together.




Telophase

-The chromosomes reach the opposing
poles, nucleiare reformed.
-Cytokinesis occurs giving rise to two
daughter cells each cell contains 23d
chromosomes (hapleid™ Aumber of
chromosomes)

-The amount of DNA is (2n) as each
chromosome  consists of  two
chromatids.



11- Melosis |

- It is like mitosis without prior DNA replication (R0 S Stage.
no interphase)

telophase & prophase II

ase metaphase II
cytokinesis i

-

anaphase II telophase II

separate cells forming

Two haploid cells
form; chromosomes

are still double During another round of cell division, the sister chromatids finally

separate; four haploid daughter cells result, containing single
chromosomes
Copyrigh! © Pearson Education, Inc., publishing as Benjamin Cummings.



11- Melosis I
» The chromosomes arranged in equatorial plane &

kinetochores attach to microtubules of mitotic spindle
followed by MIgREEIGN of the chromatids to opposite

* Cytokinesis divides each of the two cells giving a total

e Each of the four cells contains 23 s-chromosomes
(haploid number of chromosomes) & (1n) amount of
DNA.



Major Phases of Meiosis:
* Meiosis 1: (S stage of interphase I)
* Meiosis 2: (NO S stage interphase 2)

-chromosomes +. DNA

S- Phase of cell cycle l
146 d:chromosomes + 4n DNA
Meiosis I l
(23 d:chromosomes +H2n'DNA Two daughter cells
Meiosis I1 l
123 sichromosomes +If DNA, Four germ cells, which may be ova or sperm




Mitosis VS melosis?

Mitosis Meiosis
Cell type Somatic Gametes
# of divisions 1 2
S- phase Present No s-phase between
the two division
Chromosome # Same as parent Half of parent
# of daughter cells 2 4
dontcalr S No
Crossing over Absent In prophase |

When Throughout life At sexual maturity
Aim Growth and repair Sexual reproduction


cell division.mp4

Structure of human chromosome

Chemically: Chromosome consists of a continuous molecule of [DNAY
double helix associated with proteins; iSIORES and non-histones.

Microcopically: Each metaphase chromosome (d-chromosome)
consists of two sister chromatids. Each one of the sister chromatid is
formed of the followings:

+ Telomeres are the terminal regions at both ends of the chromosome.

Telomere protects chromosome ends from degradaion and prevent end to.
ond fusion with other chromosomes



Metaphase chromosome
formed of 2 sister chromatids

<—Short arm (p)

Long arm (q)

Telomeres




Number:

1- Somatic cell:

In humans, the normal cell nucleus contains 46chromosomes or (23 pairs

(diploid number). One of each chromosome is paternal in origin (_)
and the other is maternal in origin ([fORMMOEAER. These pairs are divided into:

A- has 44 autosomes and-sex chromosomes. A-has 44

autosomes and.sex chromosomes. _chromosome IS an
EGEEWhich s called BATIBOAYIORSEX CHOMANN




P

2- Germ cell (gamete cells) (ova and sperms) contains 23 s-

chromosomes (haploid number). All the ova contain one type of sex
chromosome (X), while half of the sperms contains X and the other half
contains Y chromosomes.

Sex chromatin or Barr body
Definition: It is dark staining heterochromatic mass lying against the
inner surface of the nuclear membrane of interphase female cells only.

Barr body is believed to represent the inactivated X chromosome. All of
the X chromosomes except one in a cell are inactivated early in
development.

Number: The number of barr bodies in the female cell is

A female with
chromosome number has [fWe Barr bodies) and a male with [49))

nas three Barr bodies.




Chromosome Classification

Thereareseven groups of chromosomes &é—b (‘\‘5}’9\
A: 1-3, B: 4-5, C: 6-12+X, D:13-15
E: 16-18, F: 19-20 G: 21-22+Y

Qrprrss)

Chromosomes are classified accordingto Chomosome no. 23

1. Length of chromosome: ==

- Chromosomes are divided into 7 groups (A-F) according to their length:

= [GroUp Alcontains chromosome numbers @S S(ERETORGESTORE))

= [GIOUP'D contains acrocentric chromosomes, number i8IS (edilimsized))

+ ((SHBHBIE) contains acrocentric chromosomes, (A2 NG OMOSOMENEe




2. Position of centromere

- Chromosomes are classified according to centromere position into three groups:

a. Metacentric chromosomes:

ThelGentromere lies near the middielof the chromosome where p = g, such as
number @826/ 101EAd20!

b. Submetacentric chromosome:

T ——
P arm is shorter than g arm such as number2, 4, 42,47, 28 and X chromosomes.

such as

These have small chromatin masses known as
(Saiéllites attached to their short arms by narrow stalk and contain genes for rRNA
formation.



Satellite

&

Stalk — &

Metacentric Submetacentric :crocentrlc
Chromosome Chromosome C romosome2 .
Chromosome 3 Chromosome 17 Chromosome




Karyotyping& Chromosome
banding

»Karyotyping: Study of the number, type &
-arrangement of chromosome.

»Karyotype: systemic arrangement of the
chromosomal set of the cell

»Depends on length of chromosomes & position
of centromere.

»Arrangement first autosomes & lastly the sex
chromosomes (XX female or XY male)




Blood sample is taken
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Cut out the chromosomes
and arrange into a karyotype

Add chemical to
stop mitosis in
metaphase

!

treated with hypotonic
solution

-t
- ¥
- ..;: <

A T - Swollen cells are fixed,

' . dropped in a glass
Ez.:amlne with the slide, dried and stained
microscope &

photograph the
chromosomes

Incubate
3-4 days



. me‘bpl%e.)\ LAV TS WP
Steps of preparation: N

* Culture of living cells in suitable medium

* Add phytohemagglutinin to stimulate division

+ Add colchicine{iolaresHeaIISImetaphase ~Vv o /o \ cost
: _ AN e

« Add hypotonic salt solution to swell the cells p@tﬁ‘@

» Spread on glass slides & Staining 5\_‘)C0£5\8X

* Photographing

* Cut chromosome individually

 Arrange by matching every two pairs in groups

* Seven groups (A, B.C, D, E, F, G) according to length and
position of centromere

* Now by software of computer



5- Karyotype (1).mp4

Normal male karyotyping ( 22+XY)
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Normal female karyotyping ( 22+XX)
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Down male




Turner syndrome
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Chromosome banding: 3

p22.3
p22.2
p22.1

p21

p114

p11.3
p11.2

CENTROMERE

q12
q13

N
—n

Banding patterns are chromosomal, ° .
patterns of (BFighEERCNdaFKERARSVERse
BaREs These bands identify where
genes are located on a chromosome.
The bright and dark bands are visible
when the chromosome is stained with -
a chemical solution and examined
under a microscope.
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Chromosome Banding Pattern

Chromosome banding patterns are available in various forms, such as:
G-banding or Giemsa Staining,

C-banding,

Q-banding,

R-banding

G-banding or Giemsa Staining

This is the [IGSHBESIEICAIOMOSOMAl BERAIRGEECARIGUS Because the

whole complement of chromosomes is photographed, it can be
used to detect genetic disorders.

Giemsa = thiazine-eosin compound.


https://byjus.com/biology/chromosomes/

Positive G-bands
Theldarkly stained bands are positive G-bands. These areas are
hydrophobic and facilitate the precipitation of the thiazine-

eosin compound. They constitute the Ilate replicating

Negative G-bands

Negative G-bands are_ These are less

condensed early replicating euchromatin. Base pairs from GC

are abundant in these areas. These areas are less hydrophobic

and less conducive to the precipitation of thiazine=eosin.’



Normal male karyotyping ( 22+XY)
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