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PREFACE

Biology is a rapidly developing branch of science. The major advances

being made continuously affect our life on earth. Some of these important ad-
vances are included here.
The results of a recent survey on the attitudes towards existing literature ava-
ilable to high school students showed that many were unhappy with the mate-
rial used in teaching and learning. Those questioned identified a lack of the
following: accompanying supplementary material to main text books, current
information on new developments, clear figures and diagrams.

This book aims to improve the level of understanding of modern biology
by inclusion of the following: main texts, figures and illustrations, extensive
questions, articles and experiments. It is the intention and hope of the authors
that the contents of this book will help to bridge the current gap in the field of
biology at this level.

This book has been carefully reviewed and the language is considered
suitable for students for whom English is a second language.

To the students

Being curious students, you may have wondered why you resemble your
parents or why you need to breathe. In this book, I try to summarize some major
subjects of biology. These are the most promising and perhaps the most comp-
licated subjects of modern biology.

Group work will greatly enhance your learning abilities as well as give
you an opportunity to share your knowledge and experience with your friends.
I hope that, being assiduous students, you will work hard throughout this aca-
demic year and do your best to satisfy your scientific curiosity and, of course, to
pass all of your exams successfully.

The author
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Objectives
1- Compare between eukaryotic and prokaryotic cells.
2- Determine the basis of cell theory.
3- Enumerate the cell organelles and their functions.
4- Compare between cell wall and plasma membrane.
5- Know the mechanisms of cell activities,
6-Define the cellular respiration types.
7- Explain the concept of both mitosis and meiosis.
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Introduction:

The cell is considered as the basic unit of all organisms. Generally,
there are two types of cells from a structural point of view: the prokaryotic cell,
as bacterial cell, which lacks nuclear membrane and membranous organelles.
The second type is the eukaryotic cell which is larger than the prokaryotic cell
and has clear nucleus surrounded by a nuclear membrane and cell organelles.

The cell has been the centre of interest for a long time; scientists have
a major role in development of cytology (i.e. the study of cells). Developments
in cell study can be briefed as follows:

|. The cell was not known when the German scientist Antoine Van Lecuwen-
hoek ( 1632 - 1723) invented the microscope; he could be the first who saw
the cell.

2. The English scientist Robert Hooke (1635 - 1703) has the same observa-
tions of Leeuwenhoek. Hooke is the first to use the word (cell) when he exam-
ined the structure of oak tree cortex. He described corky units and defined the
cell as aerobic chamber similar to bee hive.

Figure 1.1 Simple microscope

3. The Scottish scientist Robert Brown discovered the nucleus of the cell in
(for study)

1831 and described it.

4. The German scientist Mathias Schleldein concluded that all plants are con-
sist of cells in 1838.

5. The German scientist Theodor Schwann concluded that all animals are
consist of cells in 1839,

Studies and researches into cytology have increased, particularly after

advances in light microscope and invention of electron microscope, the study
has become a major branch called Cytology.

Cell Theory

The cell theory is mainly based on the work of both M. Schleidein and T.
Schwann, which can be briefed as follows:

! - All organisms are made of cell or cells.

b- Cells are the basic structural and functional units of all organisms.
¢ ¢- The cellis produced from another cell by means of cell division.

Cell Size

Figure 1.2 Types of tissues (for Cells vary in size, for example, diameter of frog’s egg is 1 mm, it can be seen
' by naked eyes. Most cells are smaller than Imm.

Human egg is (100 micrometer) or less. Cells have specific specialties
to increase efficiency of various functions.

study)
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We need microscope to see cell and micro-organisms. Cells can be seen by
light microscope, but inner components of the cell like organelles, viruses and
organic particles can only seen by the electron microscope.

Remember....!

nm= Nanometer . %

jum = Micrometer 3 é ;.%'E

mm= Millimeter
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All living things are made up of
cell or cells. The cell is the stru-
ctural and functional unit of or-
ganisms. This cell has ability to
self-reproduction from previous-
ly existing cells.
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Figure 1.3 Sizes of living organisms
and their components (for study)

Prokaryotic cell

It is undeveloped cell, it is more primitive in shape and structure, and
characterized by the followings:

a. Prokaryotic cell has genetic material without a membrane and it is called as
nuclear zone or Nucleoid.

b. Prokaryotic cell cytoplasm has no membranous organelles like Golgi bodies
and mitochondria,It has ribosome in the form of numerous small grains, which build proteins .




Remember!

Bacteria differ from blue green algae
because they have no chlorophyll
pigment. Cell wall of bacteria is sur-
rounded by capsule while blue green
algae cell wall is surrounded by gela-
tin membrane.

*
Figure 1.4 Structure of bacteria

( Chapter - 1

¢. Prokaryotic cell is represented by blue green algae, bacteria and Myco-
plasma which all belong to kingdom Monera.

Each bacterial cell represents a prokaryotic organism. It is surrounded
by a solid wall consist of chemical compounds (Protein, lipids and polysac-
charides), behind this wall, there is the plasma membrane (it is a semi — fluid
membrane) surrounds the cytoplasm, which contains the nucleoid. There are
no nuclei or nuclear envelope, unlike eukaryotic cells. Cytoplasm also contains
ribosomes. Some types of moving bacteria have flagella. pili or both.

Table 1-1 General appearance of bacterial cell

- Cell wall
- Plasma membrane

Cell covering

-Nucleoid
- Ribosome

Cytoplasm

Suffixes - Flagella
- Fimbriae

- Sex pili

Eukaryotic Cell

This cell has true nucleus, found in Protists, Fungi, Plants and Animals.
Eukaryotic cells differ in shape; some are spherical, pyramidal, tubular,
cubic, oval, flat, astral and fusiform...etc.

Some of these cells have varying shapes; they change from time to time
like amoeba. Such change in shape is due to function of these cells, because
cells often have shapes that adapt their functions. Eukaryotic cells are small and
can only bee seen by microscope, but they are larger than prokaryotic cells.
Generally, the cells need surface area (plasma membrane) to exchange materi-
als with surrounding environment appropriately.

Eukaryotic cells consist of three major components;
a- Cell wall In plant cell and Plasma Membrane in both plant and animal cell.

b- Cytoplasm
¢- Nucleus

}“Wﬂ
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A. (for study)

»* . - \
B. (for memorizing )

Figure L5 Structure of a typical plant cell

. * - ' — :
A. (for study) B. (for memorizing )

Figure 1.6 Structure of a typical animal cell

Cell Wall and Plasma Membrane
A-Cell Wall
Cell wall exists only in plant cells, it is an outer thick wall surrounding

the cell, and it covers the plasma membrane, which lies inside. Cell wall pro-
vides protection and support to plasma membrane and cytoplasm.
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Cell wall has three luyers:

-Middle Lamella - Primary Wall - Secondary Wall

Chemically, plant cell wall consists of eellulose in young cells, and thickens when
lignin is added in older cells.

B- Plasma Membrane;

It is a cellular membrane surrounding the cytoplasm in prokaryotic
Remember! and eukaryotic cells. It is a flexible, thin and fluid membrane unseen by light
microscope; it can be seen by electron microscope. Chemically, the plasma
Plasma membrane is a selectively ~ membrane consists of two thin layers of phospholipids with hydrophilic end
permeable membrane; it allows and a hydrophobic end. The two layers are separated by protein particle that
passage of some micro-particles and allows and controls passage of materials.
blocks larger particles.

. og Transporting materials
Qe

Hydrophilic
head

Eﬂdrophobic

Q
Extracellula

r

Phofpholipids

Plasma membrane

=tl-‘igure 1.7 Structure of plasma

membrane Protein
channal

Carrier proteins

For your information Cytoplasm

Cytoplasm represents the part that lies between the plasma membrane
and the nucleus. It is a complex material consisting of (80 %) water, (15%)
proteins and (5% ) fat, sugars and salts. Cytoplasm consists of many cellu-
lar organelles, which stand for living structures in cytoplasm. It also contains
non-living components represented by particles formed by activities of cell
organelles.

The plasma membrane sur-
rounds the cell and marks its outer
borders. It supports and protects the
cell, and it blocks liquids inside and
outside the cell.

Living Components of Cytoplasm
I- Endoplasmic Reticulum

Endoplasmic reticulum has reticulate interconnected system of tubules
and vesicles, attached to plasma membrane at certain places and attached to
nuclear membrane at other places. Endoplasmic reticulum is the place where li-
pids, carbohydrates and proteins are made. It is called “Endoplasmic” because
of branches and interlocks with each other. Endoplasmic reticulum is divided
into two types:
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A- Rough Endoplasmic Reticulum (RER)

This type of endoplasmic reticulum has ribosomes on its tubules; they
look rough and granular. This type has active role in building proteins. They Endoplasmic reticulum is
help transport materials inside the cell, especially to Golgi bodies. It also acts  the place where lipids, carbohydrates
as a structural reticulum of intra-cytoplasm material. and proteins are made.

B- Smooth Endoplasmic Reticulum (SER)

Smooth endoplasmic Reticulum differs from rough endoplasmic re-
ticulum in that they have no ribosome, thus, they are smooth. As in the case The smooth endoplasmic re-
of rough endoplasmic reticulum, the smooth reticulum transfers materials in-  ticulum has a vital role in detoxifica-
side the cell and acts as a structural reticulum of intra-cytoplasm material. The  tjon of drugs and medications. They
smooth endoplasmic reticulum has a vital role in detoxification of drugs and  gre the place for building and con-
medications. They are the place for building and concentration of fats. Thus, centration of fats. Thus, they appear
they appear in cells of ovary, testicles and two adrenal glands. They secrete in cells of ovary, testicles and two
steroid hormones, adrenal glands. They secrete steroid
hormones.

Figure 1.8 Smooth and rough
endoplasmic reticulum
sidenkaic (for study)

Nuclear envelope

| Smooth
endoplasmic

reticulum

transporting

2- Golgi Apparatus vesicle

secretory
vesicles
It is a secretory apparatus and first described by scientist Camillo Gol-
gi in1898 while studying neurons. Golgi apparatus has a special location in
the cytoplasm between the nucleus and plasma membrane. It is hard to identify
its certain location and it differs in shape and size from one cell to another.
Golgi apparatus consists of three chambers marked by smooth membranes, the
first is (3 to 10) flat saccules called cisternae, the second is vesicles and the

third is large vacuoles. Golgi apparatus has no ribosome.

Golgi apparatus

Golgi apparatus is called Dictyosome in plant cell, it builds cellulose
and some components of cell wall.

In animal cell, Golgi apparatus has number of functions: Figure 1.Y Structure of Golgi
apparatus (for study)

1- Building and secreting complex sugars
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2- Secreting protein, which is obtained from endoplasmic reticulum but it does not
produce protein.
3- Secreting many materials like hormones and enzymes.

Mitochondria are known
as Energy houses because they
are involved in producing ATP.

3- Mitochondria

They are spherical or filamentous structures (0.5 ~1) micrometer
width and up to 10 micrometer length. They distributed in different
cells. Mitochondria are found in eukaryotic cells, they differ in size according
to the typeof cells. Mitochondria are surrounded by double layer membrane. The in-
ner layer has curves and folds of different shapes and directions, tops of these

Thus, the basic function
of mitochondria is cellular respi-
ration, because they have respira-

t €s. . ; s s
Qry oS curves and bends are directed towards mitochondria cavity. These structures are called
Cristae. They increase surface area of the inner layer.

Mitochondria are known as energy houses because they are involved
in producing high-energy Adenosine tri-phosphate (ATP). Thus, the basic func-
tion of mitochondria is cellular respiration, because they produce respiratory
enzymes.

Figure! 10 Structure of mito-
chondria: (A) for memorizin
(B) for study

4- Plastids

They are cellular organelles in cytoplasm of plant cell. They have dif-
ferent shapes, sizes and colours. They can be oval, calyx, spiral and astral.
Plastids are of three types:

a. Chromoplasts, which contain different pigments, these pigments, give col-
ours to flowers and fruits.

b. Leucoplasts, which are centres for converting glucose sugar into polysac-
charide like starch or into fats or proteins. The white matter in potatoes, for
example, results from colourless plastids and full of starch.

c. Chloroplasts:

They are common in plants. Chloroplast, just like mitochondria, is sur-
rounded dual layer membrane.
Inside the membrane, there are two structures: the Granum (pl. Grana) and
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the stroma. Stroma is the liquid transparent material, which fills the inner space
of the plastid; it contains the grana, which contains chlorophyll. Chloroplasts
contribute in photosynthesis; this process needs pigments to absorb solar energy
, and enzymes to produce carbohydrates. These pigments (Chlorophyll) for
example, exist on the grana membrane. CO, — reducing enzymes, which exist
in the stroma, help chloroplasts with photosynthesis process.

Chromoplast gives different colors
to the fruits and flowers while leu-
coplast converts and stores glucose
in form of different complex organic
material.

Thylakeld Membrane: A capsular structure formed by the inner membrane of
the plastid. It contains chlorophyll and enzymes, which help in photosynthesis.

Intermembrane Inner
Outer space membrane Stroma
membrane (aqueous fluid) Inner

Thylakoid
. Thylakoid
Thylakoid Lamella (inside of thylakoid) space

. : -
{A) Tor memonzing (B): Tor study

Figure 1.11 Structure of chloroplast
5- Lysosomes

They are vesicles surrounded by mono-layer membrane. It contains
many lysis enzymes (over 40 enzymes). These enzymes are responsible for
digestion in the cell. Lysosomes are found in almost all cells, especially those
that have the ability for phagocytosis, such as neutrophils.

Lysosomes have several functions in the cell:

1. It cleans cytoplasm from food particles, mitochondria pieces and micro-
organisms and other impurities.

1. Lysosomes play a vital role in animal metamorphaosis, for example frog lar-
vae tail disappear when become adult frogs. This process is done by releasing
enzymes from lysosomes to cytoplasm. This process digests the contents

of the cytoplasm and finally death of the cell by a process called Autalysis.
This process lyses bodies of living organisms after death.

1. Lysosomes destroy the cell which contains them after death of the organism.

4. They recycle elements in nature through autolysis.




Metamorphosis is sudden changes
happen in body of organism. This
process is done by releasing enzymes
from lysosomes to cell cytoplasm.
This process digests the contents of
the cytoplasm and finally death of the
cell by a process called Autolysis.
This process lyses bodies of living or-
ganisms after death.

»*
Figure 1.12 Lysosome

Microtubules are major elements in
formation of cilium, flagella and
centrosomes.

m'
Centrosome

Figure 1.13 Centrosome
(for study)

6- Cytoskeleton

Eukaryotic cells have a distinctive system of micro filaments and tu-
bules, which form the skeleton of the cell. These are considered as support to
the cell maintaining its form. This system is used by many cells in moving and
transferring organelles inside the cell.

a-Microfilaments

They are thin straight structures first observed in muscular cells. They
are actin filaments, which contain actin protein, the other type is myosin,
which contains myosin protein, and both are responsible for expansion and
contraction of cell.

b-Microtubules

They are larger than micro-filaments and have tubular structures con-
sisting of protein called tubulin. Microtubules play vital role in chromosome
movement during cell division. In addition, they are important for cytoskeleton,
organization and transfer of materials. They are major elements in formation
of ellium and flagella. Microtubules, which exist in animal, cell cytoplasm and
other primitive organisms like algae and fungi, are situated near the nucleus
and form the “centrosomes™.

7= Centrosomes

The centrosome has a pair of centrioles, each of which is a cylinder
consisting of nine triple- groups of microtubules. The centrosome duplicate dur-
ing cell division; the two centrosomes move a part to the opposite sides of the
cell and connect together through spindles fibres. Although centrosomes are
not found in plant cell, yet, there is a centre for creating microtubules and micro
filaments.



{ The Cell )

8- Kinetosome

It looks like eentriole in structure. It is structure at the base of the cili-
um and flagellum in cells, which contain cilium, or flagella. The kinetosome has
a vital role in movement of cilia and flagella; it is also called basal body.

Flagellum

outer microtubules doublets

central microtubules

body of flagellu

=

cross section
of ﬂageﬂa

triplet microtubules plasma

membrane
basal body

2

cross section of basal bocly Figure 1.14 Structure of
8- Vacuoles Kinetosome (for study)

They are membranous sacks that exist in cell cytoplasm and vacuoles
in some protista, whereby it is represented by comtractile vacuoles which
drain cells from surplus water and dissolved waste such asamoeba and
paramecium. There are also temporary food vacuoles formed when food
is surrounded by a membrane of the living organism. Food is digested inside
these vacuoles by secreting enzymes from lysosomes inside the vacuole. As for 1 here are 3 Kinds of vacuoles:
plant cells, the vacuoles are clearer than those in animal cells, they are small in )
young cells and wide in adult cells. They contain juices of different dissolved ~ Contractile vacuole

materials known as Cell Sap. 3 "é"emporary foold vacuole
- Storage vacuole

Non-living Contents of the Cell

They are temporily contents in cytoplasm called eytoplasmic depos-
its. They are mainly formed by metabolite materials or piled deposits. These
deposits have several forms:

1. Lipid droplets in fatty (adipose) tissue cells and liver cells.

2. Carbohydrate accumulation represented by glyeogen as in liver cells.

3. Proteins stored in glandular cells in the form of secretory granules, these
granules are periodically released outside the cells.

4. Deposits of pigments and colourings, some cells produce pigments as in the
skin cells.

5. Enzymes, hormones and some vitamins are also cytoplasmic deposits which
are granular, spherical or oval. These materials are surrounded by membrane
as in the case of neuro-secretory granules.




Nucleus

The nucleus is the most important cell component in living organisms.
It is essential for life; cell survival depends on exchanges between nucleus and
cytoplasm. The cell without nucleus lives for a short time then degenerates
like, adult red blood cells. Cell nuclei show variance in shape, this variance
has to do with cell shape, it might be spherical or oval or lobed or irregular,
like white blood cells. The nucleus is the largest distinctive organelle inside the
cell and its size differs according cells. Its size depend on size of cytoplasm.
Nucleopore Most cells are mono-nuclear cell. In some cases, the cell can be di-nuclear like
cartilage cells, liver cells and muscle cells. The nucleus is central in stem cells.
It has side or peripheral location in some secretory cells like fatty cells and
Chromatin mucous cells. The nucleus consists of the following components:

1. Nuclear Membrane or Envelope

Figure 1.15 Structure
of nucleus (tor study)

It is a thin, double -layer membrane. It surrounds the nucleus and it has
its own physical and chemical properties. It regulates exchange of materials
between the nucleus and cytoplasm through micro pores that allow passage of
particles, this membrane has selective permeability. This membrane surrounds
the nucleus in all cells except for bacteria and blue green algae (prokaryotic), it
has no nucleus but it has nuclear matter.

Most cells are mono-nuclear cell. In
some cases, the cell can be di-nuc-  2- Nucleoplasm

lear like cartilage cells, liver cells
and neuron cells. It is colourless gelatinous liquid fills the nucleus where the nuclear con-

tents are distributed. These contents include nucleolus and chromatin network.
3. Nucleolus

The nucleus has one or more nucleolus. For example, onion cell nu-
cleus has four nucleoli. The nucleolus is a relatively big spherical structure
inside the nucleus, It consists of protein and RNA. Nucleolus has vital role for
formation of ribosome, which is responsible for protein formation.

4. Chromatin Network

The chromatin network is an interconnected and irregular filamen-
tous structure. Filaments of the chromatin network appear during cell division,
forming a specific number of rod- like structures known as chromosomes; they
carry genes, which transport genetic features from one generation to another.
Therefore, chromosomes are very important because of vital role in genetics,
reproduction, development and mutation. Chromosomes can be seen only dur-
ing cell division, the number of chromosomes differs in living things.

Living beings have a fixed number of chromosomes in their somatic
cells. In Ascaris lumbricades , there are 2 chromosomes only; it is the least
number of chromosomes among organisms. The number of chromosomes in
the Spanish butterfly is 380, 12 chromosomes in house fly, 26 chromosomes in
frog, 80 chromosomes in pigeon and 64 chromosomes in horse. As for humans,
they have 46 chromosomes.

L3
Figure 1.16 Structure of
chromosome
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It must be noted that these numbers of chromosomes represent somatic
cells. Numbers of chromosomes in gametes or reproductive cells is half. For
example, human egg has 23 chromosomes, while somatic cells have 46 chro-
mosomes, 23 X 2 = 46. It results from fusion of egg cell with sperm nucleus.
Chromosomes have fixed size and shape in living organisms, its length ranges

from (0.2 — 50) micrometer.

Comparison between Animal and Plant Cells

Animal and plant cells differ in some areas; table (1-2) shows the basic
areas of similarity and difference between animal and plant cells from a struc-

tural point of view.

Table 1-2:

1 comparison between Animal and plant Cells

1 | Cell Wall and
plasma membrane|

A thin plasma membra-
ne along with thick cel-
lulose wall consisting
of lignin, giving the cell
fixed shape.

Thin plasma membrane
only.

Plastids

There are chloroplasts
associated with photos-
ynthesis; some are Leu-
coplasts, white plastids
and colored plastids.

No plastids

Centrioles

No Centrioles, with the
exception of some primitive
plant cells

Centrioles exist in many
animal cells, has a role
in cell division.

Vacuoles

Vacuoles are few in
plant cells, large. Vacu-
oles occupy the whole
size of adult cell.

There are many vacuo-
les in animal cell, small
in size, spread in the
cytoplasm.

Cell Division

During cell division, the
cellular plate is created.
This plate grows from
the center outward; it is
generated by cell pro-
toplast.

During cell division, the
cytoplasm bends from
the outside and moves
inside.

Cell activities

Cells, whether plant or animal, achieve many activities, these activities
can be summarized as follows:
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First: Exchange of materials through membranes;

Exchanging of materials inside and outside the cell is considered the
basic cell operation. This operation regulates cellular functions and determines
exit of waste materials and water outside the cell. It is essential to maintain
biological operations of the cell and construction of living matter. Passage of
materials is done via many ways:

I-Diffusion

Diffusion is defined us movement of ions and particles in a certain
medium, from high concentration regions to low concentration regions.

As a rule, gases like O, and €O, materials soluble in fats like hydrocarbons
and alcohols are the soluble that can spread through bio-membranes (cell mem-
branes) freely. This can be observed by the naked eye when copper sulfides or
Potassium Permanganates are placed in water, the coloured material spreads
through the water when crystals of above materials dissolve in water. Colored
material spread on a short distance and it hardly spread for a long distance.
Distance of spreading particles is directly proportional to square root of time
for spread. With passage of time, matter will spread all over the water.
1*["||__-nr|: 1.17: diffusion process Water
molecules
(solvent)

Dye [»
molecules
(solute)

2-Permeability

It is exchange of materials between the cell and its environment by aid
of plasma membrane. The cell can absorb food materials in an appropriate food
medium. This does not mean that food outside the cell can all be absorbed by
the cell. These materials must pass through the plasma membrane. In addition,
these food materials should have certain solubility in water to pass this mem-
brane. Similarly, excess materials and faeces should dissolve in cytoplasm to
pass through the membrane out of the cell.

Permeability is exchange

of materials between the cell and its
environment.

All food materials should

have certain solubility in water to
pass this membrane.

Generally, membranes are classified according to permeability into:

1. Permenble membranes: These membranes allow passage of materials re-
gardless of their structure and size.

2. Semi - permeable membranes: These membranes do not allow equal pas-
sage of solutes as level of solvents.

3. Selectively Permeable membranes: These membranes allow selective
passage of materials according to size of their particles.

4. Non-permeable membranes: Like nylon. [t must be noted that permeabili-
ty of plasma membrane is affected by internal and external factors.
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3- Osmosis

It is defined as movement of water particles through semi permeable

membrane (plasma membrane) according to variance in concentra-
rion. Movement of water particles is done according to diffusion law, because
osmosis is a case of diffusion.

To clearly illustrate osmosis, we can do a simple experiment, using

semi permeable membranes like cellophane attached at the end of a funnel.
The funnel is filled with distilled water, and then placed in a glass basin. Water
level should be the same in the basin and the funnel.

When sugar solution is added to the funnel, water level rises in the fun-
nel. It indicates that water passes cellophane membrane to the sugar solution
in the funnel, causing hydrostatic pressure. Water particles stop when hydro-
static pressure becomes equal to osmotic pressure. Solutions can be classified
according to osmotic concentration into three types; each type has a particular
effect in the cell:

. Isotonic Solution whereby, concentration of water outside the cell is equal

/]
3
2
g
"-
2
3 @
Distilled water—___ .
Funne! = os
Semi-permeable. :
membrane J

.
Figure 118 Osmosis mechanism

to concentration of animal cell cytoplasm, the cell neither loses nor gains water.

b. Hypotonic Selution: this solution has low concentration of non-permeable
solutes compared to solutes in cytoplasm. The cell gains water, this leads to
distention of the cell and then rupture.

¢. Hypertonie Solution: this solution has high concentration of solute mate-
rials compared to cytoplasm, thus, direction of water is from cytoplasm to the
outer solution, this causes shrinkage of the cell. The size of plant cell, com-
pared to animal cell, does not change when placed in high hypertonic solution
because plant cells have cell walls. The cell membrane merely moves away from
the cell wall, this process is called plasmaolysis, it results from water leaving
the cell, but, when the solution is added to the cell, it goes back to its previous
state. This reversed process is called deplasmolysis.

‘.Figurc 1.19 Osmosis in plant
and animal cell
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4- Active Transport

Cells, sometimes, absorb materials from the outside environment, al-
though, the concentration of these materials inside the cells is higher than out-
side. To perform this process, there must be carriers in cell membrane. These
carriers can move inside and outside the cell. The carrier integrates with other
material (particle or ion) needed by the cell.

This carrier moves to the inner surface of the membrane. The carried
material separates inside cytoplasm. This process requires energy, which is
supplied by ATP.

»
Figure 1.20 Active transport

5-Phagocytosis

Phagocytosis is cellular eating; it is a common way of eating (nutrition)
among protista like amoeba. It is also used by white blood cells in devouring
remaining cells and germs in the blood. This process is done when cell mem-
brane is pouch-like that surrounds the solid matter, then this pouch separates
from cell surface and moves inside cytoplasm. The contents are digested by the
enzymes secreted by lysosomes in the cytoplasm.

6- Pinocytosis

It is similar to phagocytosis. When a liquid material is taken, there will
be a small invaginationin cell membrane, this hole surrounds the liquid matter, and
becomes inside a pinocytic vesicle. This vesicle separates from cell membrane
and moves inside the cell.

7- Exocytosis
This term is used to describe the releasing of some materials outside the cell. This

process takes place in various cells to get rid of undigested left overs from
phagocytosis, or to secrete some hormones.
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Second: Cell Metabolism

Cell metabolism is represented by all the chemical changes, which take place
with the help of enzymes. These changes are eatabolism which means;degradation
of materials and anabolism which means building new compounds. Anabolism usually
consumes energy, while catabolism releases energy, for example, Glucose par-
ticle anabolised from €'()_ + H_O needs energy. Green plants obtain this energy
from the sun. While catabolism of glucose particle in respiration releases the membrane
energy required by the living organism in many activities.

Food Vacuole

I- Respiration

Glucose is the primary respiratory material; it undergoes a series of reactions
to transform into two molecules of Pyruvic Acld during a process called glye-
olvsis. This process is performed in cell cytoplasm because there are enzymes.

(A) Phagocytosis

Glycolysis is summarized ay follows;

1. Glucose molecule activation (6C) by phosphorylation to transform into glu-
cose- 6 - phosphate, the process consumes | molecule of ATP.

2. Glucose -6 - phosphate (6C) is transformed into fructose mono-phosphate
(6C) by means of a specific enzyme.

A.Fructose -6 - phosphate (6C) is activated by a second phosphorylation to
transform into fructose di-phosphate, this process consumes | molecule of ATP.

" L]

4. Fructose 1.6 bi-phosphate molecule (6C) splits into two glyceraldehyde 3-phosph-
-ate molecules, because of this fission (split).

(B)Pinocytosis

5. Each Glyceraldehyde 3- phosphate molecule is changed into pyruvic acid
(i.e. becomes two pyruvic acid molecules). Although, four ATP molecules re-  |joure | 21 Plhacocviosis
sult from this transformation, two of them are consumed in phosphorylation, prﬁccs.\ S
thus, the gain is two ATP molecules.

6. If respiration is anaerobic, the pyruvic acid has either alcoholic fermentation
or lactic fermentation in cell cytoplasm.

However, if the respiration is aerobic, the Pyruvic acid turns into
(Acetyl Co- A) which reacts in a cycle called as Kreb's Cyele in cell mitochon-
dria. Below is a description of aerobic and anaerobic respiration reactions:

First: Anaerobic Respiration; It includes:
a. Alcoholic Fermentation:

It takes place in yeast and green plants due to lack or absence of O,,
and in some types of bacteria. The pyruvic acid is oxidized by taking CO,

molecule, and then reduced by hydrogen from glycolysis, turning it into Ethanol
uleohol, as in the following equation:




Glucose

Glycolysis

&

O
CH0, ——» 1CH, ~C-coon = 3 CH, ~C-H
l'ymvu:acid BYZCOI Amahddwde

Reduction by hydrogen
2 (2H) trom glycolysis

2ATP + 2CH,CH,OH
Ethyl alcohol

b. Lactic Acid Fermentation

It happens in muscles and kinds of bacteria (lactic acid bacteria) during
which the pyruvic acid resulting from glycolysis is reduced by means of hydro-
gen also resulting from glycolysis; as a result it change to lactic acid as in the
following equation.

Glycolysis

|
CH O, 2CH,-C- COOH
Glucose Pyruvic acid

OH
Reduction by hydrogen
2ATP + 2CH CH COOH « 3.3H, f glycolysis

Second: Aerobic Respiration

When the pyruvic acid turns into Acetyl Co-A due to glycolysis, Acetyl Co-A
enters in Kreb's cycle, in a series of reactions that release the whole energy: 12
ATP in each cycle. To brief, energy released from oxidizing one-gram molecule
of glucose sugar during aerobic respiration is as follows:

Energy Gain from Glycolysis

Transforming Molecules of Pyruvic Acid into Acetyl CO-A

From2(2H)resulting from glycolysis after passing through electron
transport chain

From Krebs two-Cycles

Chnlmr-l )



e The Cell )

Anabolism: Reduction of CO,

CO, is one of the major outputs of aerobic and anaerobic respiration,
although respiration is considered as catabolism, yet it produces chemical energy
that stored as (ATP). This energy is used in many important activities like
muscle movement. This energy is also used to form complex biological
materials as a chemical process. Plantsreduce CO, in the form of organic materials
using solar energy, as you know: plants absorb CO, using water and solar
energy to produce carbohydrate materials. terials. This reaction is called
terials. This reaction is called €O, reduction. This reaction forms all complex
organic molecules, thus, this process is considered as anabolism of organic

materials.
Glucose (6C)
il :ll [ Phosphorilation
Glucose -6- phosphate
(6C)
]
Consumed Fructose -6- phosphate
2ATP (6C)
ATP o1 o
ADP :I'r phosphorilation -
Fructose 1.6 bis phosphate
(60)
Fission l
Glyceraldehyde 3-phosphate T=———= Dihydroxy acetone phosphate
I (3C, (3C)
HADP
4ATP 4ATP : «2H,
(3G, acid , 2 IS
. Glycolysis Diagram 1.1 The sketch of cel-
(30) acid — lular respiration (Glyeolysis
co, und Krebs eycle)
2ZH
3ATP
(20) MT,I co-A
202H, ./_,,- oxalo acetic acid
SATP
o acid =
o0, (6C)
S Alpha-Ketoglutaric acid 2&0'
(SC) 3ATP
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Cell Division

Cell division is considered as one of the complex processes, which mul-
tiply (increase) the genetic matter qualitatively, and ensure homogenous distri-
bution among the resulting cells. There are three types of cell divisions:

Amitosis

In this type of division, the cells divide without clear nuclear or cyto-
plasmic changes. The nucleus or nuclear matter and cytoplasm constricted and
then split to form two cells, each of which contain part of the original nucleus
or the nuclear matter and part of the original cytoplasm. This type of division
occurs in bacteria and blue green algae.

Mitosis

Mitosis is defined as cell division inwhich both of new cells
have the same number and guality of chromosomes of the mother cell.

Mitosis requires doubling of each chromosome to form two identical
and adjacent chromosomes as if they are one chromosome. When cell division
starts, the two chromosomes part from one another and separate in advanced
phases. Division of nucleus is followed by e¢ytokinesis. For example, human
cell has 46 chromosomes. They duplicated before division to be 92 chromatids.
when division completed.46 go to one cell; the other 46 go to the second cell to form
chromosomes of the new cell. This process continues every time.

Cell division undergoes four phases, preceded by interphase. The cell
goes through this phase before cell division. It is noted that, during this phase,
the nucleus is relatively large compared to nuclei in divided cells. In addition,
during this phase, the cell creates large molecules of nucleic acids and proteins
as preparation for division. This phase is characterized by doubling DNA. The
centrosome also doubles during this phase.

As for the four phases, which follow the interphase, they are:
Phase one: Prophase

The chromatin network is marked into a number of chromosomes,
which looks thick. It is divided into two sister chromatids. These sister chro-
matids are connected to each other at their centromeres. They form the subse-
quent chromosomes.

The centrosomes that are formed in the interphase, directed to oppo-
site directions toward to the cell poles. The centrosomes extend astral filaments
(aster). Spindle filaments are formed between them. The nucleolus and nuclear
membrane disappear at a later stage of this phase.
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Phase two: Metaphase

Chromosomes shrink and thickened at this phase. They are located at
equator line of cell. Chromosomes attach to spindle filaments fibers by their
centromere.

Phase Three: Anaphase

At this phase sister chromatids which formed in interphase, separate
from each other and move in opposite directions of the cell. Mechanism of
chromosome movement is not fully uncovered; however, there are explana-
tionss of that:

a- Spindle filaments are thought to shrink when there is ATP; and they pull
chromosomes toward the poles.

b- Spindle fibers form a path so that chromosomes slide on these threads to-
ward the poles.

Phase Four: Telophase

The final phase starts when the chromosomes reach the opposite poles
of the cell. Then the chromosomes back to their micro-filaments shape. They
appear as chromatin network and nucleus division ends.

Nucleus division is followed by eytokinesis.

Animal cell shows difference in cytokinesis compared to plant cell. In
animal cell, cell membranes constricted near cell equator line, through time, this
curve and constriction increases gradually until the cell divides into two new cells, each
containing a nucleus.

In plant cell, cytokinesis starts when cell plate formed at cell equa-
tor. This wall is secreted by cell protoplasm. Then each new cell starts
forming its own cell wall from its side, this process resultsin two new cells.

It must be noted that time for cell division varies according to type of
cell, tissue and age of the organism. Furthermore, each division phase has cer-
tain period. This period depends on events, which occur in each phase.

It is found that, division phases in human cells, prophase lasts (30-60)
minutes, metaphase (2-6) minutes, anaphase (3-15) minutes, while telophase
lasts {30-60) minutes. It is also noted that division time of neuron lasts (30)
minutes during embryonic phases, while division of adult neurons is rare be-
cause adult neurons specialized in a definitive way.

Figure 1.22 mitosis (for study)
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Spindle fiberse
1- Pr Ophase Chromosomes
2- Metaphase
3- Anaphase
Cytokinesis

4- Telophase é

~ g -~ o

-’-F--_--‘-\
two daughter cells
(early interphase)

S~

*
Figure 1.23 Stages of Mitosis

'

Meiosis

Meiosis aims to maintaining a fixed number of chromosomes for var-
ious species during succession of generations where gametes, (eggs, sperms)in
animals and spores in plants are created.

Meiosis is two successive divisions of the cell. During this division,
the number of chromosomes is reduced to half the number of somatic chromo-
somes. When two nuclei of two cellsor gametes are fused to form first embry-
onic cell,which contains complete number of chromosomes (2n)
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Meigsis &% Porformed theongh nve peclear divivions, the first separaies
feimmaogans cheamasgntes, and tis division includes four phoses:

Prophaze |
Metaphase |
Anaphase 1

Telophase |

As for the second division, the two chromutids. of the chromosome are separaled,
edch chromatid moves to.céll pake.
The seeand ditison, is similar i first division, it fndledes four suceessive phases:

Prophase 2

Metaphase 2
Arnaphase 2
Telophase 2

Below is u deseripion of botlhy divisions:

Firsi Metosis Diviston:

. Proplase 1:

Thiy plhase i stow; it includes five stuges with special features:

Leptotene: Chromosomes at this stage are single, long and dhin flaments like beads.
They look hike necklace, the DNA {genetic material) doubled in each chrome-
SO,

Lygotene: Homologous chromaosomes align and double. Then,

they bend on each other; this process is called Synapsis. The doubled chroma-
somes are called “hivalent™, this process is distinetive in mejosis, because it
does not oceur i mitosis.

Pachytene: Chromosomes condense, thicken, and shorten. Each

chromasome douhle into two clear chromatids, attached 10 each ather via their
eentromeres. Each two chromiatids of the same chromosome are called sis-
ter chromatids. At this stage, each pair of homologous ¢hromesomes form a
bundle of four chromatids, this bundle is called Tetrad. For example, human cell,
at this stage, has 23 tetrads and 92 chromatids wsal,

In addition, there is an exchanie of gepes locations betwean
wdentical chromosomes; this process is called Crossing Over.

Diplotene: Homalogous chromosemes  keepaway from each other
non-sister chromatids remain attached by one or more points, these conneetion
polnts are called chiasmats. Number and location of chiasmata differ frotm
chramosome 1o another and from ong cell o anothier, Mon-sister chromatids are
exchanged at each chiasmata pont.
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Diakinesis: This is the last stage of the prophase at which chromosomes (chro-
matids of homologous chromosomes) shorten and thicken more. The nucleolus
and the nuclear membrane gradually degradated. Locations of chiasmata move to the
far end of the chromosomes, thus, chiasmata number decrease.

b.Metaphase |

At this phase, homologous chromosomes align at cell equator in the
form of bivalent chromosomes groups. centromers start to appear, and the
spindle appears attached to.

c.Anaphasel

At this phase, homologous chromosomes separate and move in op-
posite directions toward cell poles. Chromatids of each chromosome remain
attached to each other at their centromeres.

d.Telophasel

New chromosomes gather at the poles, spindle filaments often disappear at
this phase. The nucleolus and nuclear membrane, which surround chromosome
groups, start forming; this group is haploid because it contains half of total num-
ber of chromosomes. Nuclear division is followed by cytokinesis, as in the case
of mitosis, thus, the two new cells are formed. They are ready for the second
meiosis,

Second Meiosis Division:

a. Prophase 2

The number chromosomes in each nucleus in the prophase2 is half the
total number of chromosomes, thus, it differs from mitosis in which the nucleus
has total number of chromosomes. At this phase, the chromatids are far apart and
might differ in structure because of the crossing over at pachytene stage of the
prophasel.

b. Metaphase 2

At this phase, the chromosomes are located at the equator plate of the cell; it is
attached by spindle filaments through their centromeres.

Each chromosome is made of two chromatids. This phase differs from met-
aphase | in that chromosomes are made of four chromatids,while chromosomes
in metaphase 2 are made of two chromatids.

c. Anaphase 2

At this phase, chromatids of each chromosome split when their centro-
somes are separate. Each chromatids represents a chromosome with independent
nuclei moving towards one pole of the cell by spindle filaments.
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d. Telophase?2

At this phase, chromosomes gather at cell poles, they get longer and
thinner, chromatin matter appear as fine threads (micro filaments), then the
nuclear membrane and nucleoli emerge to form two new nuclei out of one
original nucleus.

In some plant cells, the cell plate is formed through the spindle, and
then becomes middle lamella, then cell wall. As for animal cells, cytoplasmic
membrane is generated between the two new nuclei to separate them.

When the first and second meiosis division ends, the total outcome
is four cells with haploid chromosomal group. Meiosis occurs in testes and
ovaries when gametes are formed in animals, and it occurs in plant cells when
eges and pollen formation, although there are some differences which will be
discussed later.

- One division - Two divisions

- Two identical cells form by each | - Four non-identical cells form by
division each division,

- Genetically identical cells formed | - Genetically different cells formed

- Number of Chromosomes in new

= Number of chromosomes in. hoth cells is half those in mother cell

new cells similar to mother cell

- In somatic cells - In reproductive cells

- Division occurs after sexual ma-

- Division Occurs during cell life turity only.

cycle continuously

- This division is used for growth, | - Division is used in sexual repro-
repair cells and asexual reproduc- | duction and having new members
tion. of that species.

Table 1.4 A comparison between mitosis und meiosis




»
Figure 1.24 Meiosis
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Review

Q.1 Write the scientific term for each of the followings.

L. vovceviiiiiiiinneenn 18 @ colourless liquid that fills the nucleus.

Lo R a sphere structure inside the nucleus consists of protein and RNA.

R S movement of water molecules through selectively permeable membrane according to the difference
in concentration.

4o operation of removing some material from cytoplasm to outside of cell.

B e RS SR S R organelles are centers of conversion of glucose into different polymers.

O a structure located at the base of flagella or cilia in the cells which contains flagella or cilia .

7 O a liquid transparent material fills the internal spaces of the plastids.

Biissvsovisminnanises is the way of swallowing the remaining of the cells and germs in the blood by the white blood cells.

e L e is a group of chemical changes which happens in the cell by enzymes.

10, i is the operation of cell division without clear nucleic and cytoplasmic changes.

Q.2 Explain the followings.

1. There are a large number of mitochondria in the muscles.

2. There are lysosomes in the neutrophils.

3. There is an important role of centrosomes in cell division.

4. Presence of certain enzymes in the green plastids facilitate the photosynthesis.

5. The plant cell under the microscope is clear border.

6. There are cristae in mitochondria.

7. The main function of the mitochondria is cellular respiration.

8. The nuclei of cells vary in shape and this is related to the shape of the cell.

9. The cells areusually absorb some materials from external media inspite of the concentration of these materials inside the
cell is higher than outside.

10. The procedure of installing carbon dioxide (CO,) regarded as organic anabolism.

.3 Surround the letter which indicates the correct answer for each of the followings:

1. The first scientist who used the word (cell) is:
a- Van Leeuwenhoek b- Robert Hooke c- Robert Brown d- Theodor Schwann

2. The two scientists who set the cell theory are:
a-Matthiasand Robert Hooke b-Robert Brown and Theodor Schwann
c¢-Theodor Schwann and Robert Hooke d-Matthias and Theodor Schwann

3. The Endoplasmic Reticulum contribute the following except:
a-wrapping protein b-transferring materials between the cell parts
c- produce some types of fats d-store proteins and fats

4. Golgi Apparatus is called Dictyosome which is available in:
a-animal cell b-bacteria cell c-plant cell d-lymph cell




( Chapter - 1 )

5. The location of nucleus in the embryonic cells is:
a-central b-lateral ¢- surrounding d-superficially

6. The movement of molecules and ions within certain media from high concentration to low concentration is called:
a- 0smosis b- diffusion c- permeability d- phagocytosis

7. The organelles that plays important role in Metamorphosis in animals are:
a- centrosomes b-mitochondria c-vacuoles d- lysosomes

8. Vacuoles have the following properties except:
a-more clear in plant cells b-small in the young cells
c-It has important role in the movement of flagella and cilia d-contain cell Sap

9. The shape of the nucleus of white blood cells (leucocytes) is:
a-sphere b-oval c-clove d-irregular

10. The number of nucleoli which the nucleus of onion cell contains:
a-five b-four c-three d-two

11. The proteins in the cytoplasm of the cell forms by:
a-mitochondria b- ribosomes c-Golgi Apparatus d- lysosomes

12. The number of the chromosomes in sexual cells for Spanish butterfly are:
a-@15) b-(154) c-(190) d-©9)

13. The common way of feeding in Amoeba is:
a- pinocytosis b- phagocytosis c- parasitisim d- plasmolysis.

Q.4. Complete the following sentences:

1. Changes in the shape of some cells are due to.......................
2. The main contents of eukaryotic cell determined by the following:

3. Golgi apparatus in the plant cell called .........................

4. Endoplasmic Reticulum which lack the ribosomes describes as ...............ooiiiiiiiiiniee.

5. There are cases the cells can be bi-nUCleus @S i ....ccvviininiinny crevrnnienronmenees @0 coiiiiinnntimrennns

6. Inside the membrane of plastids there are two important structure:  ............and..................

7. Cell wall consists of three layers : TR : [« E TSP

8. Golgi apparatus consists of three compartments they are; Srsnsansenae AN

9. Lysosomes contains large number of enzymes which is responSIb]e FOF snnasnevmmmnsmmasos

10. Cell metabolism includes the process of ........covvivinnnn which takes place in.............c.ov.ee. and the process of
........................ which performed by ..............
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Q.5: Answer the followings:

1. Arrange the following scientists according to the order of their discoveries:
Robert Hooke, Mathias Schleidein, Theodor Schwann, Van Leeuwenhock, Robert Brown.

2. Complete the two columns the second and third in the following table with mentioning the structure and the function
of each organelle in first column:

Endoplasmic reticulum

Golgi apparatus

Mitochondria

Plastids

Lysosomes

Plasma membrane

3. Compare between the followings:

* Rough endoplasmic reticulum and Smooth endoplasmic reticulum.
» Semi Permeable membrane and selectively Permeable membrane.

« Centrosome and kinetosome.

* Pinocytosis and Phagocytosis.

* Telophase 1 and Telophase 2.
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Objectives

1- Classify the plant tissues, and determine the
characteristics of each type.

2- Determine the types of vascular tissue in plant.

3- Compare between the xylem tissue and phloem
tissue.

4- Classify the epithelial tissue in human.

5- Determine the location of each type of epithelial
tissue.

6- Classify the connective tissue in human.

7- Define the intracellular substance .

8-Compare between proper and specialized connective
tissues.

9- Define the muscular tissue.

10 -Compare between muscles tissue types.

11- Define the nervous tissue.

12- Determine the components of nervous tissue.




( Chapter - 2 ) R

Introduction

Organisms differ in their body structures. Some of the organisms con-
tain only one cell such as bacteria, certain types of algae and fungi, Amoeba,
Euglena and some other types. These types of organisms are called “Unicel-
lular Organisms™. The bodies of some other types of organisms consist of
many specialized cells; which function connectively in the form of functional
tissues within the organs. These tissues function, one with another, in a great
harmony to build the body of the organism. The cells of a tissue may be diverse
sometimes. Also, large quantities of intercellular substance may form in some
tissues.

A tissue can be defined as a group of similar cells which are all spe-
cialized to perform a certain function in addition to certain cellular resultant
substances. The study of tissue is known as histology.

Plant Tissues

Plant tissue is a group of cells that vary in shape and size but are con-
nected to each other to perform certain function.

The body structure of the early plants consists of one cell only as in
some types of unicellular algae.This cell has the capability of performing various basic
functions, such as nutrition, reproduction, etc., on the other hand the advanced
plants, have a huge number of different types of cells in their bodies, which
form various types of tissues perform the various plant functions.

Formation and Distribution of Plant Tissues

The various types of tissues that build the different organs of the plant
are developed from the cells or the Meristematic tissues, which lie basically
at the growing points of the roots and stems of the mature plants. These
tissues are known as “Apical Meristematic Tissues”. Meristematic tissues
may also exist in other locations in the body structure of the plant such as at the
bases and top points of nodes and at the base of the leaves, which are known as
Intercalary Meristematic Tissues. There are also other tissues that occur par-
allel to the longitudinal axis of plant body and they are called “Lateral Meristematic
Tissues™,

The Meristematic tissues turn gradually to become permanent tissues
as in the case with the tissues of the growing apex and top or lateral
buds. The meristematic tissue does not usually transform entirely. A Meristem-
atic part of this tissue, however, stays for regeneration.

Classification of Plant Tissues

The different types of tissues that build the plant body divided into four
major types.



Meristematic tissue

Plant parts of high cel-
lular division

Cell division and plant
growth

Ground tissue

Roots, stems and leaves
in the form of the cor-
tex, pith and pith rays

Forming internal tissue
masses in roots, stems
and leaves

Epidermis

Different parts of the
plant

Forming the dermis whi-
ch has many functions
like providing plant
protection, exchange
of gasses and water ab-
sorption.

Vascular tissue

Different parts of the
plant which contain xy-
lem and phloem

Including phloem and
xylem tissues. Their
basic functions are to
transport water and nut-
rients, storage and sup-
port

Table (2-1) Tlustrates these
four types of tissues in higher
plants (flowering plants).

Meristematic Tissues

The undifferentiated cells of this tissue are characterized by their ability to
divide actively and rapidly. This tissue occurs in the plant parts where growth
takes place. This growing process leads to:

a- Elongation of roots and stems.
b- .Buds growth.
¢- Thickness of roots and stems.

Generally, the meristematic tissue does not stop functioning, though its func-
tions may stop in certain parts of the plant.

The meristematic tissue occurs in three types of tissues:
* Apical meristematic tissue.

+» Lateral meristematic tissue.
+ Intercalary meristematic tissue.
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Table (2-2) illustrates the three
tvpes of meristematic tissues
with their location and function.

Figure 2.1 Growing levels of
plant tissues (for study)

Apical Meristematic
Tissue

It is found in the tips of’
the roots and stems of
the plant.

It gives growth in the
tips of the roots and
stems of the plant

Lateral Meristematic
Tissue

It is found in the parts of
the plants which are re-
mote from the growing
tips, i.e. the lateral side
of the plant extending
parallel to the outer
periderm of the plant
body. It consists of Vas-

cular and cork Cambium.

The secondary growth
and thickness in plants.
The vascular cambium
produces the secondary
phloem and xylem. The
cork cambium produces
the periderm.

Intercalary Meriste-
matic Tissue

It is found between the
permanent tissues of the
plant and is far from the
growing tips as in
the internodes of many
monocotyledon plants.

It allows elongation

in the nodes

of the plant. In grasses,
it is responsible for the
rapid regrowth in the
mature leaves.

}I)ﬂ“ﬁﬂ:ﬂﬂm
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Ground Tissue

It is the tissue in which the cells differentiate to develop the permanent
tissues in the plant body. It forms internal tissue masses in the roots, stems and
leaves in the form of cortex, pith and pith rays. The permanent tissues in the
plant body differentiate to the following types:

a- Parenchyma

The parenchyma cells are living cells. They have thin cell walls and
they are often polygonal or spherical in shape due to the pressure of the neigh-
boring cells. There are intercellular spaces between cells. The parenchyma
cells may contain plastids which may be chloroplasts. Thus, the parenchyma
cells are called chlorenchyma. Parenchyma cells have several functions, the
most important of which are ventilation, storage and delivery of nutrients.

Figure 2.2 Parenchyma

b- Collenchyma tissue (Tfor study)

The collenchyma tissue consists of living elongated cells with irregularly thickened

walls. These tissues occur in the woody parts of plants. They also exist in the 't
mature organs of the herbal plants.
Collenchyma tissue is the primary supporting tissue in many stems and
leaves, especially the mature ones. The collenchyma tissues rarely oceur in the
roots and leaves of monocotyledon plants. The main function of collenchyma
tissue is to provide structural support and strength. The thick walls of the
cells and their distribution assist this tissue to do these functions.
c- Sclerenchyma

Sclerenchyma tissue is composed of dead cells with extremely thick
cell walls because the cells have lignin. The cells of the sclerenchyma tissue
are highly differentiated. They differ from each other in shape, origin, compo-
sition and formation. The main function of this tissue is to provide structural

Figure 2.3 Collenchyma
tissue (for study)

support.

There are two types of sclerenchyma cells

a- Fibers

The cells of this type are long and cylindrical. They found individually or in
bundles in the parts of the plant body which need support.

b- Sclereids

Figure 2.4 Sclerenchyma tissue

The cells are relatively short. They occur in some kinds of fruits such as pears (for study)

and quinces.
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Epidermis

It is the tissue that covers the plant body and forms the permanent
dermal tissue. The epidermis is a single-layered group of thickened cells that
covers the primary body of the plant. The epidermal cells are flat and tightly linked
to each other. There are no intercellular spaces among the epidermal cells. The
epidermis serves many functions; it protects the plant body and regulates gas
exchange (by pairs of guarding cells) and water absorption.

Vascular Tissue

The vascular tissues are specialized for transporting water and nutrients
throughout the body of the plant in addition to providing structural support.
The existence of vascular tissues is one of the most distinguishing features of
most kinds of plants. The vascular tissue includes xyvlem tissue and phloem
tissue.

a- Xylem Tissue

The xylem tissue is derived from rectangular meristematic cells. Dur-
ing their development, the meristematic cells elongate and have great increase
in size. When they reach maturity, they start to lose their living components and
finally become dead cells.

The xylem tissue is composed of various components which differ
in structure and function. These are xylem vessels, tracheids, xylem fibers
and parenchyma. Xylem vessels differentiate into many types. These types
vary according to the way of thickness (roughness). The tracheids are charac-
terized by their pointed endings which distinguish them from xylem vessels.
The xylem vessels and tracheids are specialized in transporting water with all
the dissolved nutrients.

":‘  Xylem

. | elements
Figure 2.5 Xylem tissue and :
tracheids (for study) a

B Pits

Xylem

Tracheids
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b- Phloem Tissue

The phloem tissue is composed of several types of cells. These types of cells
are Sieve Tubes, Companion Cells, Phloem fibers and Phloem Parenchyma.

All these types of phloem cells have some features in common; they are all spe-
cialized in transporting nutrients produced by the leaves, except for the fibers
which have the function of providing structural support.

Meristematic tissue

Undifferentiated cells

Producing new cells to
increase the thickness
and length of the plant.

Ground tissue

Parenchyma cells
Collenchyma cells

Photosynthesis.  breat-
hing, storage, flexible
support and inflexible

Sclerenchyma cells Rt
Protection, regulating
the exchange of gasses
Epidermis Epidermal cells in stems and leaves and

absorption of water and
salts in roots.

Vascular tissue:

a- Xylem

b-Phloem

1-Xylem vessels
2-Tracheids

3-Xylem Parenchyma
4-Fibers

1- Sieve tubes
2-Companion cells
3-Phloem fibers
4-Phloem Parenchyma

-Transporting water and)
minerals.

-Storage.

-Structural support.

-Transporting the orga-
nic particles throughout
the plant body.
-Iransporting carbohyd-
rates from/to the sieve
tubes.

-Structural support

Sieve tube
element

Companion

Lateral sieve
area

Sieve tube
plate

Figure 2.6 Phloem tissue

Fable (2.3) Types of Tissues and
Cells in Plant Body
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Animal Tissue

As in the plant tissue, the animal tissues are composed of a group of
identical cells which are specialized in serving certain function. The cells of
a tissue may sometimes differentiate and the intercellular substance may also
vary from one tissue to another rather than the variance in chemical composi-
tion. Animal tissues can be grouped into four basic types:

1- Epithelial Tissues. 2- Connective Tissues.
A~ Muscular Tissues. 4- Nervous Tissues.

Epithelial Tissue:

Epithelial tissue is the tissue that covers the surface of the organism
that comes in contact with the external environment and lines the body cavities.
Epithelial tissue forms the glands. It has the following distinctive features:

u- Epithelial tissue is represented by a continuous sheets of cells lined up in one
raw or more.
b- All epithelial cells rest on basement membrane.
¢~ Epithelial cells are seperated by little intercellular space and almost
have no intercellular substance. The cells endings are attached to
each other at many locations by “Cell junction” ( plasmic junction ) .
The epithelial tissue is classified into two basic types according to the number
of layers composing the tissue:

I- Simple Epithelial Tissue.
2- Stratified Epithelial Tissue.

FIRST: Simple Epithelial Tissues
The simple epithelial tissue is composed of one layer of epithelial cells which

rest on basement membrane. It is classified into several types according to the
shape of its cells:

1.Simple Squamous Epithelial Tissue| 2.Simple Cuboidal Epithelial Tissue

3.Simple Columnar Epithelial Tissue | 4.Pseudo Columnar Epithelial Tissue

1- Simple Squamous Epithelial Tissue

#- This type of epithelial tissue is composed of a single layer of flattened cells
which have a polygonal appearance with a central flat nucleus.

b-The epithelial tissue covers the inmner lining of blood vessels, body cavities,
lung vesicles and Malpighian Corpuscles.

¢-The cells of the simple squamous epithelial tissue serve the functions of dif-
fusion and filtration.




Free surface
Nucleus
: Basement membrane

Si uamous
I:lqcell

Figure 2.7 Simple squamous
epitheial tissue (for study)

2-Simple Cuboidal Epithelial Tissue

a- This type of epithelial tissues is composed of a single layer of cube-like cells

which have quadrangular appearance with large spherical central nuclei.

b- This tissue is found on the inner lining of the kidney tubules and found in some
glands such as the salivary glands.

¢- The simple cuboidal epithelial tissue performs secretion and absorption.

Figure 2.8 Simple Cuboidal
Epithelial Tissue (for study)

Simple cuboidal
epithelial cell
Basement membrane

3-Simple Columnar Epithelial Tissue

a- The cells of this type of epithelial tissues line up in long columns. They tend

to take a rectangular appearance in their sections. The nuclei of the cells are
oval-shaped and take a very close location to the basement.

b- This tissue lines the inner lining (endothelium) of the intestines and found in
some glands.

c- The simple columnar epithelial tissue serves the functions of protection,

secretion and absorption.

Mucus in
goblet cell

Nucleus of
goblet cell

Basement
membrane

Figure 2.9 Simple columnar
epithelial tissue ( for study)
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4-Pseudo-stratified Columnar epithelial Tissue

1-This tissue comprises more than one type of cells. The cells® nuclei are
located at different levels, thus suggesting that the tissue is composed of several
layers. All the cells of this tissue rest on the basement membrane and the free
surface of the cells may be provided with cilia, in which case may be referred
to as “Ciliated Pseudo-stratified columnar epithelial Tissue™.
b This type of epithelial tissues is found in the endothelia of the trachea and
the big ducts of salivary glands.

¢~ The main functions of this tissue are protection and secretion.

_+— Goblet cell containing mucus

Table (2-4) illustrates the types
of simple epithelial tissues with
the location and function of each,

Pseudostratified
columnar epithelial cell
Nucleus

Basement membrane

Cilia

Free surface
Goblet cell containing
mucus

Pseudostratified
columnar epithelial cell
Nucleus
Basement membrane

Figure 2,10 Pseudo stratified columnar

epithelial tissue (for study)

sue

cts of glands

Simple squamous -Endothelium of blood [-Diffusion.
epithelial tissue vessels. FFiltration.
-Endothelium of the
body cavities.
-Endothelium of the lung
vesicles.
-Endothelium of Malpig-
hian corpuscles
Simple cuboidal epit- [-Endothelium of kidney [-Secretion.
helial tissue tubules. -Absorption.
-found in salivary
glands.
Simple columnar -Endothelium of intesti- [-Protection.
epithelial tissue nes. -Secretion.
-Endothelium of glands. [FAbsorption.
Pseudo-stratified co- [-Endothelium of trachea. |-Protection.
lumnar epithelial tis- [[Endothelium of big du- [-Secretion.

SECOND: Stratified Epithelial Tissue

The stratified epithelial tissue comprises more than one layer of cells. It is
found in areas where friction occurs, thus protecting and preserving the internal
organs which it covers or lines.
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L.Stratified squamous epithelial 2.Stratified cuboidal epithelial tissue
tissue

3Stratified columnar epithelial tissue{4.Transitional Epithelial Tissue

I-Stratified Squamous Epithelial Tissue

a- The stratified squamous epithelial tissue is composed of more than one layer
of cells. The base layer of cells is columnar or cuboidal and is rested upon the
basement membrane. The cells in the middle layers are polyhedral whereas the
cells in the surface layers are flattened and squamous. These cells may also be
keratinized as in the case of the outermost layer of the skin (epidermis)

b- It forms the inner lining of the mouth and esophagus.

¢- It serves the function of protection.

Figure 2.11 Stratified Squ-
amous Epithelial Tissue (for
study)

2-Stratified Cuboidal Epithelial Tissue

a- The cells of the surface layer of this tissue take the cuboidal appearance.
The cells in the middle and basal layers are similar to the cells of the stratified
squamous epithelial tissue.

b- This tissue covers the internal surface of the sweat gland ducts and sem-
iniferous tubules.

¢~ The main functions of this tissue are secretion and protection.

membrane 1o ure 2.12 Stratified Cuboidal
Connective  Epithelial Tissue (for study)

0 i
g . iy

=
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3-Stratified Columnar Epithelial Tissue

a- The surface cells of this tissue are vertical epithelial whereas the basal and
middle layers cells tend to be polyhedral and usually smaller.

b~ This tissue is found in the lining of male urethra.

¢~ The major function of this tissue is protection.

Figure 2,13 Stratified Columnar .
Epithelial Tissue

4-Transitional Epithelial Tissue

a- This tissue is a special stratified epithelial tissue. The surface cells of this
tissue are big with a domed apex and one or two nuclei. The middle layer cells
are polyhedral and the basal layer cells are cuboidal in appearance and reside
on basement membrane. The cells of the transitional epithelial tissue have the
ability to change their shape, thus, making the tissue extremely appropriate to
line the inner walls of the organs which can contract and expand.

b~ This tissue is found in the liner of the urinary bladder, ureter and
kidney pelvis.

¢~ The major function of this tissue is protection. It allows the organs which it
lines to contract and expand without causing any damage to the cells.

Surface

*(A) For memorizing propria (B) (for study)

Figure 2.14 Transitional Epithelial Tissue
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Stratified Squamous | -Lining of mouth. -Protection.
Epithelial Tissue -Esophagus.

-Skin epidermis.
Stratified  Cuboidal | -Sweat glands ducts. -Protection.
Epithelial Tissue -Seminiferous tubules. |-Secretion.
Stratified Columnar | -Lining of urethra. -Protection.
Epithelial Tissue

Table (2-5) illustrates the types

Transitional Epithelial | -Urinary bladder. -Protection. of Stratified Epithelial Tissue,
Tissue - Ureter. -Contraction and expan- | (o oy n e on.

- Kidney Pelvis. sion of organs.

Connective Tissues

The connective tissue is the tissue that connects and supports the different parts
of the body, thus, it is referred to be as “Supporting Tissue”. The connective
tissues consist of:

a- Cells.
b- Fibers.
¢~ Intercellular Substance, which is called “Matrix™.

A-Cells of Connective Tissues

The cells of the connective tissues are separate from each other. There are sev-
eral types of these cells and they serve various functions. The major types of
the connective tissue cells are:

1- Fibroblast

a- This type of cells is the most common type in the connective tissues. These
cells are characterized with their big size and long endings of their bodies. They
are flat spindle-shaped cells (fusiform). The cell has alarge oval nucleus and
homogeneous cytoplasm.

b~ The basic function of the fibroblast is to produce all types of fibers in the
connective tissues,

2- Macrophage

a- It is an amoebic cell with short stretches compared to the stretches of the
fibroblast. The nucleus of this cell is not central.

h- The major function of this cell is to attack the foreign substances within the
tissue, thus, its function is mainly defensive.
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3- Adipose Cell

#- This type of cells is spherical in appearance and contains one fat droplet
which occupies most of the cell. The cytoplasm of this cell takes the shape of a
thin ring. The nucleus of the cell is flattened and located on the cell periphery.
b- The adipose cell stores fat to generate energy and maintain thermal balance
of the body.

4-Mesenchymal Cell

#-This type of connective tissue cellsis an undifferentiated cell with cytoplasm
stretches and a central oval nucleus.

b-The main function of the mesenchymal cell lies in its ability to differentiate

into any other type of cells in adult connective tissue .

5- Plasma Cell

a- Plasma cell is a relatively small spherical or oval cell with non central nucleus.
The chromatin substance of the cell is arranged in a ray-like in a characteristic
cartwheel or clock face arrangement. The cytoplasm of the cell is homogenous.
b- Plasma cells are responsible for secreting antibodies and playing a very im-
portant role in body protection.

6- Mast Cell

#- Mast cells are very common in the connective tissues. They are big and
spherical in appearance with a small non central nucleus. The cytoplasm of the mast
cells appears to be granular.

b- Mast cells contain histamine which plays an important role in the contraction
of the smooth muscles of the pulmonary bronchioles. It also contributes to the
expansion of the blood capillaries in order to increase their exuding ability.
Mast cells also contain heparin which is an active substance to prevent blood
coagulation.

In addition to the above mentioned types of cells, there are several oth-
er types of cells within the connective tissues such as the “reticular cell” and
“pigment cells.

B- Connective Tissue Fibers
There are three npes of fhers in the connective Hissues
1. White or Collagenous Fibers

2. Yellow or Elastic Fibers
3. Reticular Fibers




A-It is called “White Fiber” because its co-
lor is white when it is alive condition.

B-It is found in the form of bundles consis-

ting of a number of fibers. Each fiber consists
White or collugenous fiber | 5f fibrils.

('-The white fiber has a mechanical impor-
tance in the connective tissues because of its
resistant to tensity.

A-lt is called “Yellow Fiber” because its co-
lor is yellow when it is alive condition.

Yellow or elastic fiber B-It is found in the form of single fiber not in
bundles. The yellow fibers can have ramifi-
cations and they can easily stretch. They are
flexible but are not as tough as the white fi-
bers.

A-It is called “Reticular Fiber” because the-
se fibers crosslink to form a fine network.
It is a network of thin fibers.

Reticular fiber
B-This fiber is found in the lymphatic nodes to
which it provides a structural support.

C- Intercellular substance or matrix
The intercellular substance is found in the form of a transparent homog-
enous substance with no distinctive shape. It may occur as a liquid, semi-flueid,

gelatinous or solid. It occupies the spaces between the cells and fibers.

D- Classification of Connective Tissues:

The connective tissues are classified according to the types of cells and the
physical characteristics of the intercellular substance into:

1- Connective Tissue Proper
2- Special Connective Tissue

Each rvpe is also swb- classified into diffrent rypes
1. Connective Tissue Proper

The connective tissue proper is classified according to its cells and fibers form-
ing it into “Loose Connective Tissue” and Dense Connective Tissue”.

Table (2-6) illustrates the types
of connective tissue fibers with
the distinctive characteristics
of each.
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3. Reticular connective
tissue: It is one of the pri-
mitive types of tissues. Re-
ticular cells are dominantin
this tissue. Its intercellular
substance is liquid.

a- Lymphatic organs.
b- Liver.
c- Bone marrow.

-Support.

4. Mesenchymal connec-
tive tissue; It is an undiffe-
rentiated tissue. Its cells are

embeded in a flueid
(intracellular substance).

a- It is found in the early
embryonic phase then
the tissue differentiates
to the various types of
tissues in the adults.

-It differentiates to
form various types

of tissues in the
body.

5. Mucoid connective
tissue: It is composed of
fibroblasts of a star-like ap-
pearance.embeded ina

mucous gelatin substance.

-Umbilical cord.

-Support.

Table (2-7) illustrates the types
of Connective tissue proper, lo-
cations and functions.

Figure 2.16 Reticular connective
tissue (for study)

Figure 2.17 Adipose connective
tissue (for study)

Figure 2.18 Mucoid connective
tissue (for study)
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The second type of the connective tissues proper is the “Dense Connective
Tissue™. It is classified according to the density of the constituent fibers into:

1-Dense Collagenous Connective | 2-Dense Elastic Connective Tissue
Tissue

Collagenous fibers are dominantin this type | The yellow fibersare dominantinin this type
of tissues. The fibers in this tissue are | of tissues. It is found in the ligaments
either regular as in the tendons or ir- | as in the cervical ligament.

regular as in the skin dermis.

Figure 2.19 Regular dense con-
nective tissue (for study)

Figure 2.20 Irregular dense
connective tissue (for study)

Figure 2.21 Dense elastic con-
nective tissue (for study)
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2. Special Connective Tissue

The Special Connective Tissue includes cartilage and bone which both
make a structural connective tissue (they make the body structure). It also in-
cludes blood and lymph.

a- Cartilage

The cartilage tissue is characterized by its solid intercellular sub-
stance which makes it resistant to pressure and tensity. The intercellular
substance contains a compound called “Chondromucin®. The intercellular
substance also includes very thin white fibers and special type of cells called
“Chondrocytes” which are found in “Lacunae”.

Cartilage falls into several types. It is classified according to the abun-
dance of the fibers in the intercellular substance. It might be “Hyaline Carti-
lage™ in which the intercellular substance is transparent and homogeneous due
to the low fibre abundance. This type of cartilage is found in different locations
throughout the body such as trachea.

Cartilage might also be “White Fibro-Cartilage” in which white fi-
bers found in the discs between the vertebra in intervertebral disc.

Finally, it might be “Elastic Cartilage” in which the elastic or flexible
fibers are dominant as in the ear pitma

Cartilage of
the Larynx

Trachea—

b- Bone

Bones represent the hardest connective tissue because its intercellular
substance mostly contains calcium salts such as ealcium phosphates and
calcium carbonates (non-organic salts) in addition to white fibers.
Bone tissues come in two types:

1- Compact Bone
2- Spongy Bone.

Figure 2.22 Hyaline cartilage
(for study)
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- 1P we study a section of the compact bone closely, we will see that its interee-
lular substance comnes in the form of “Bone Lamelae™ which-are distributed
thravghowt the tsswe, Somea of these bone lamellae take the e of perpheral
lamellae which come in parallel torthe outer and inner surfaces of the bone. In
this case, the mellae are called “Peripheral Lamellac”.

Onher fameliae are amranged m concentne lamellae-around a central ca-
pal called “Haversian Canal” through which the blosd vessals amd nerves ;_'.faagicd.
The-conceniric bone Tamelae and Haversian canmal constitite the “ Haversian
system”. The Haversian canals are connected to cach other by transverse ca-
rals named “Vollkmann®s Canals™, There are also intercellular lamellae which
fill the spaces between haversian svstems and the bone peripheral lamellae.

lamellag and Haversian canal cons-

The spongy bone fissue s different from the compact bone bssoc in
that the bone lamellae in the spongy hone fisswe are not armngsd as-in the
compact bone, They take the Torm of irregular irabecula which ramify and meet
again forming vacant spaces pocupied with hone marrowe.
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c- Blood

The blood is a special connective tissue that develops from embryon-
ic mesenchymal cells. It is composed of cells, plasma and protein substances
which transform into fibers when blood clotting occurs. The blood constitutes
(7-8%%) of the healthy adult human body weight which is about (70) kg. The
human body contains (5-6) litres of blood.

First: Blood Cells

The blood cells in the human body are Blood is originated from the

embryonic intermediary cells.
A- Red Blood Cells “Ervthrocytes”.

B- White Blood Cells “Leucocvies™.
C- Blood Platelets “Thrombocytes”.

A-Red Blood Cells

The red blood cells are also called “Red Blood Corpuscles”™. In mam-
mals including humans, red blood cells appear as biconcave discs with no nu-
clei. One exception to this prototype is the red blood cells in camels where they
also lack cell nucleus but appear as oval and biconvex.

The diameter of the red blood cell in humans is (5.6 - 8,0) micrometer.
The size of the red blood cells may change into smaller or bigger in some cases
like sickness.

The number of the red blood cells in a mature male human is (4,000,000~
6.000,000) cells per microliter. In the mature female human, the number
is ranging from (3,900,000) to (5,500,000) cells per microlitter. The number of the
red blood cells decrease in the case of anaemia and increase when a person
goes upto high places and when being exposed to carbon monoxide.

The cytoplasm of the red blood cells contains the “Haemoglobin™ which
binds with oxygen to make an unstable compound called “Oxy-hemoglobin™.
The oxygen is dropped off when it reaches the cells and replaced with carbon
dioxide forming an unstable compound called “Carboxy-hemoglobin®.

The average life span of the red blood cells in humans is estimated 120 The red blood cells contain
days. Every second, 2,500,000 new cells enter the blood stream to compensate hemoglobin which transport the oxy-
an equal number of cells which got worn out during the same time. The big  gen and carbondioxide
macrophages in the liver, spleen and red bone marrow devour the dead red

cells. TYPES OF BLOOD CELLS

1.Red Blood Cells 3. Platelets
Yooyiiagtes) wmy!“} 3 Figure 2,25 Human blood
~ ' B Y cells
& | LN
. bR
Helps in Ozand COzexchange Helps in blood clotting
2. White Blood Cells

(Leukocytes)

COSQ09

Neutraphil Eosinaphil Basophil Lymphoeyte Maonocyte
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B-White Blood Cells

The white blood cells are true cells in that they have nucleus and
living cell contents. They also have the capability of like-amoeba moving. The
number of the white blood cells in the adult human is S000-11000 per micro
litre of blood.

The ratio of the white blood cells to the red blood cells is approxi-
mately 1-700, The number of the white blood cells in children more than that of
adults. In newborn infants, there are approximately 160040 white blood cells
per microlitter of blood. Many changes to the number of the white blood cells
happen in special cases of sickness. The white blood cells are classified into
two main groups:

First: Granular Leukocytes
The cytoplasm of this type of white blood cells contains granules with often

lobulated nuclei. There are three types of granular leukocytes distinguished by
their colouring ability:

1. Neutrophils:
They constitute (40-70%%) of the total number of the white blood cells.

2. Acidophils:
These cells constitute (1-4"4) of the total number of the white blood cells.

3. Basophils:
This type constitutes (0.5-1%%) of the total number of the white blood cells.

Second: Non-Granular Leukocytes

The cytoplasm of this type of white blood cells does not contain granules and
the cell nucleus is not lobulated. There are two types of non-granular leucocytes:

1. Lymphocytes:
They constitute (20-45%%) of the total number of the white blood cells.

2. Monocytes:
They constitute (4-8"%4) of the total number of the white blood cells.

The white blood cells play a very important protective role against in-
fections. They perform their functions outside the blood stream and after they
enter into the loose connective tissue.

C-Blood Platelets

The blood platelets are small spherical or oval colourless discs with
no nucleus. The blood platelets are found in mammals. and the lower vertebrates
such as birds and amphibians in bigger spindle-like cells with nucleus.
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They are called “Thrombocytes™.
It is believed that they serve the same function of the blood platelets. The diam-
eter of the blood platelets is 2-4 micrometer.

The average lifespan of the blood platelets in humans is 9-10 days. The
big macrophages phagocyted the blood platelets in the liver, spleen and bone mar-
row. The blood platelets serve the function of releasing “ThromboPlastin
enzyme which plays a very important role in blood coagulation.

Second: Blood Plasma.

The blood plasma is the intercellular substance of the blood tissue. It The lymph is similar to the
is a pale yellow homogeneous liquid and can be obtained by "Hemofiltration™. plasma in composition except that its
It makes up about 55%, of the total blood volume. Water makes up about %%,  protein content is less and its blood
of the blood plasma. The rest 10 %4 includes solid substances available in the coagulation is slower. The clot in the
plasma as proteins, hormones, enzymes, non-organic salts, glucose etc. lymph is soft not solid.

Lymph

The lymph is a liquid that is collected out of the tissues. It returns to
the blood stream through “Lymphatic Vessels”. The lymph is similar to the
plasma in composition except that its protein content is less and its blood co-
agulation is slower. The clot in the lymph is soft not solid. The lymph mainly
contains lymphatic cells which vary in number according to the lymphatic nodes
in the passage of the lymphatic vessels through which the lymph passes.

Muscular Tissue

The muscular tissue is composed of cells called muscle fibers. These
fibers contain Actin and Myosin filaments which gather and slide past one
another to perform a certain action of movement. Muscles also serve a ther-
mal-generating function to the body.

Vuscles are classified into three rypes
1- Smooth Muscles.
2- Skeletal Muscles.
3- Cardiac Muscles.

1. Smooth Muscles
They are also called “Visceral Muscles”. They are characterized by the fol-
lowing:

1- The cells or fibers of the smooth muscles are spindle-like with two pointed
ends. They are thick in the middle and thin at the ends.

2- The muscle fibre is covered by Sarcolemma.

3- The cell has one central nucleus.

4- The action of the muscle is involuntary.

The smooth muscles are found in the walls of the stomach, intestines, blood
vessels and other internal hollow organs.
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2. Skeletal Muscles

Skeletal muscles are voluntarily controlled. They are attached to the
bones through tendons. When they contract, the body part moves. They have
the following distinguished characteristics:

1- The skeletal muscle fibre is a long cylindrical fibre. It may sometimes stretch
along the muscle.

2- The skeletal muscle fibre is distinguished with cross-band appearance in
dark and light bands. This arrangement gives the fibre a striated appearance
and for this reason they are called “Striated Muscles”.

3- The skeletal muscle fibre is covered with a special membrane called “Mus-
cle Membrane™. It is different from the muscle membrane which covers the
smooth muscle fibre.

4- The skeletal muscle fibre is multi-nucleated. Its nuclei are peripherally po-
sitioned.

5-The skeletal muscle fibre performs its function under human control, that’s
why they are called “Voluntarily Muscles™.

3- Cardiac Muscles

Heart muscles are involuntary striated muscles found in the walls of
the heart only. Their contraction pumps the blood out of the heart. Their stretch
allows the blood to enter the heart. The heart muscle fibre has the physical and
functional characteristics of both the smooth muscle fibre and skeletal muscle
fibre. It has the following features:

1- The heart muscle fibre is cylindrical in shape. It is smaller and much shorter
than the skeletal muscle fibre. It is a branched fibre and its branches meet
together.

2- The heart muscle fibre is distinguished with its transverse striation, very
similar to that in the skeletal muscle fibre. Accordingly, the heart muscle is a
striated muscle,

The blood platelets serve  3- The heart muscle fibres are connected to each other at their ends in differen-
the function of releasing “Throm-  tiated places of their plasma membranes called “Intercalated Dises”.
hoPlastin ™ enzyme which plays a
very important role in blood coagu-  4- The membrane of the heart muscle fiber is thinner than that of the skeletal
lation. muscle fibre.

Thromboceytes serve the
same function of the blood plate-  5-The heart muscle fiber contains one cell nucleus. It is centrally positioned.
lets.




|- Skeletal muscle

(B)(for study)

2-Carduec muscle

(B)(for study)

3- Smooth muscle

Figure 2.26 Types of muscles
(B)(for study)

1-Shape of the
muscle fiber.

- Spindle-like with
two pointed en-
dings. Thick in
the middle and

- Cylindrical.
-Long
-No ramifications.

- branched.

- Cylindrical.
- Shorter than the
skeletal muscle

thin at both sides. fiber.
2-Size of the -Small. -Large -Smaller than the
muscle fiber. - Short. -Long. skeletal muscle
fiber.
3-Muscle stria- |-Scattered. -Organized. -Organized.
tion -Not striated. -transverse stria- |-transverse stria-
tion. tion.
4-Nucleus. -One, centrally -Multi nuclei, pe-[-One, centrally
positioned ripherally positi-| positioned
oned
5-Action -Involuntarily -Voluntarily -Involuntarily

Table (2-8) presents a compa-
rison between the different ty-
pes of muscle fibers.
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Nervous Tissue

The nervous tissue serves the function of propagating of nervous im-
pulses from one part to another in the body and for long distances. It is com-
posed of nervous cells or “Neurons” supported by accompanied cells within
the nervous tissue. However, these cells do not perform a nervous function.
They are called “Neuroglia™.

Nervous cell (Nﬂlmu); Itisa S talized cell ¢ um,nnc':fu,f three pariy

1. Cell Body

It represents the enlarged part of the neuron. It contains the cytoplasm and
nucleus which has a very clear nucleolus, The cytoplasm contains the “Neu-

rofibrils” and “Nissl's Granules” which serve as protein synthesis sites. The
cell body also has the other living substances which are found in other cells.

2. Dendrites

These are extensions or thin structures that arise from the cell body. They serve
the function of transmitting signals or nervous impulses to the cell body.

3. Axon

It is an extension that transports the nerve impulse away from the cell body. It may or
may not be covered with a medullary membrane. It is usually single and long.

The nervous cells (Nemrons) are usually classified according to the number of

the extensions that arise from the cell body into:

1-Monopolar Neuron; the cell body of the monopolar neuron is oval or spher-
ical with only one extension.

2-Bipolar Neuron; the cell body is spindle-like with two extensions.
A-Pseudo unipolar Neuron: one polar seperates near the cell base into axon and
dendrite.
4-Multipolar Neuron; the cell body is star-like with multi extensions.
Neuroglia

They form the largest part of the nervous tissue. They constitute (1-50)
of the tissue, i.e. each neuron has (54)) cell counterparts of the Neuroglia. They

occupy more than half of the brain volume. Their main function is to provide
support for the neurons. They also phagocytes bacteria and cellular debrise.



(a) Bipolar (b) Pseudo unipolar (c) Multipolar

L]
Figure 2. 27 Types of neurons and their structure
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Review
Q. 1 Write the scientific term for each of the following statements:

1. ................the meristematic tissues which are found at the growing tips of the stems and roots of higher plants.
;S — the meristematic tissues which are available at the baseof the leaf blade.

3. ....coeennnn.. the tissue in which the cells differentiate to form the permanent tissue in the body plant.

. P the parenchyma cells which contain the plastids.

. IR —— one of the two types of the sclerenchyma cells found in some fruits like pears.

6................ one of the connective tissue cells. It has an amoeba appearance and its nuclei not centrally positioned.
g . a type of the connective tissue fibers. It occurs individually and it is flexible and extendable.

. PP spindle-like cells that are found in the blood of birds and amphibians. They are counterparts of the blood
platelets in mammals.

, S— an enzyme released by the blood platelets. It plays an important role in blood clotting (coagulation).
10. .......... the cells that form the largest part of the brain. They constitute more than half of the brain volume.

Q. 2 Explain the following scientific facts?

1. The parenchyma tissue cells are often spherical or polygonal in shape.

2. Why is it called pseudo-stratified columnar epithelial tissue?

3. Transitional epithelial tissue is appropriate to the extendible and contactable body organs.
4. The existence of histamine in the mast cells of the connective tissue.

5. The connective tissues are described as supportive tissues.

6. The bone is the hardest connective tissue in human body.

7. The skeletal muscles are called striated muscles.

Q.3 Surround the letter of the correct choice:

1. The meristematic tissues that are found at the bases and tips of internodes are:
a-Apical. b- Intercalary c- Lateral. d- Peripheral.

2. The plant tissue which cells are dead and have thick walls are:
a- Collenchyma. b- Parenchyma. c¢- Sclerenchyma. d- Mesenchyma.

3. The tissue that is found in the trachea lining is:
a- Simple Squamous Epithelial Tissue. b- Pseudo-stratified Columnar Epithelial Tissue.
c¢- Simple Columnar Epithelial Tissue. d- Simple Cuboidal Epithelial Tissue.

4. The simple cuboidal epithelial tissue is found in the lining of:
a- Blood vessels. b- Alveoli. ¢- Kidney tubules. d- Glands.

5. The cell responsible for developing all types of fibers in the connective tissue is:
a- Plasma Cell. b- Macrophage. ¢- Mesenchymal Cell. d- Fibroblast.

6. Plasma cell is a type of the connective tissue cells. It serves the function of.
a- phagocytesalien bodies. b- Secreting antibodies.
¢- Maintaining thermal balance. d- Differentiating into any other type of connective tissue cells.
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7. The type of the loose connective tissue that is found in the liver is.
a- Reticular b- Mesenchymal. ¢- Mucoid. d- Adipose.

8. The type of the cartilage found in the ear pinna is :
a- Hyaline Cartilage b- White Fibro - Cartilage c- Elastic Cartilage d- Mucoid

9. The number of the red blood cells in human increases above the normal level when:
a- affected with Anaemia  b-living in high places ¢- living near water d- affected with cancer

10. The red blood cells life span in human estimated by:
a130)days. b-(120)days. c-(112)days. d-(140)days.

11. The ratio of plasma in blood is:
a-(55%. b-(50) %. ¢-(90)%. d-(95)%.

12. The muscles that are spindle-like with two pointed ends and become thick in the middle part are called:.
a- Smooth b- Skeletal ¢- cardiac d- Striated

Q. 4 Complete the following sentences:

1. Xylem tissue is composed of number of components which differ in structure and function. These components are:
B ssinesnnsinsine D sisiausiin O compsmasiniunis T TTT e e

2. The nssue that covers the lining of the urethra is called .. ERT

3. The cells of the Stratified cuboidal epithelial tissue are found M eminas

4. The connective tissues are composed of: a- ........... b- .. s Bosmnnians

5. The Connective Tissue Proper is classified accordmg to the densrry of contents to: s seent naiimn sinse

6. The Concentric Bone Lamellae and the .. .. form a system called *.

7. The oxygen combines with hemoglobin to form a compound called ......ccooeveeeee.

8. There are three types of Granular Leucocytes: 1- ............... 2= oiienien L .

Q. 5 Compare between the following:

1. The meristematic tissue and the vascular Tissue in terms of location and function.
2. The ground tissue and the epidermis in terms of location and function.

3. The xylem tissue and the phloem tissue in terms of components and function.

4. The compact bone and the spongy bone.

Q. 6 Match group 1 and group 2. Put the number of the correct answer from group 2 between the brackets:

Simple Squamous Epithelial Tissue ( ) 1- Support.
Reticular Connective Tissue ( ) 2- Secretion and Prevalence.
Simple Columnar Epithelial Tissue ( ) 3- Protection and Secretion.
Simple Cuboidal Epithelial Tissue ( ) 4- Support and Absorption.
Stratified Squamous Epithelial Tissue ( 5- Prevalence and Filtering .
Pseudo-stratified Columnar Epithelial Tissue ( ) 6- Protection .
7- Secretion and Absorption.
8- Protection, Secretion and Absorption.
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Objectives

1-Define the concept of reproduction.

2-Define the sexual and non sexual reproduction and compare
between both.

3- Explain the reproduction in animals.

4- Describe the reproduction mechanism in bacteria.

5- Explain the sexual and non sexual reproduction in
chlamydomonas.

6-Numerate the steps of both sexual and non sexual reproduction
in Paramecium.

7- Explain how Euglena reproduce.

8- Explain the reproduction in bread black mold.

9- Define the concept "Alternation of generations”.

10- Explain the reproduction in Ferns and Mosses.

11- Explain the structure of flower as the specialized organ of

reproduction in flowering plants.

12-Compare between monocots and dicots.

13- Explain the mechanism of seed formation.

14- |dentify the reproductive system composition in insects.

15- Identify the reproductive system organs in frog.

16- Identify the male and female reproductive system organs in
human.

17- Explain Parthenogensis and Hermaphroditisim.




Organisms don't need
reproduction to survive but they
need it for continuity of their gene-
rations.
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Introduction

All organisms must produce new individuals similar to itself

to preserve the species.

Reproduction means production of new individuals approximately
similar to parents. Sexual reproduction which is performed by most of multi-
cellular animals is more complecated from asexual reproduction which primitive
organisms perform. But both types of reproduction have two main states:

1- Collection of pure substances from environment and transmission to new
generation.
2- Transmission of genetic material (DNA) to next generation.

Reproduction and its role in preserving species

Reproduction is different from other life activities like digestion, res-
piration, circulation and excretion since these activities are important for or-
ganisms to survive. Unlike this organisms don't need reproduction to survive
and may not be able to reproduce or have no complete organs for reproduction but
have a healthy body for continuity of their lives.

Any organism without functional reproductive organ can not provide

coninmwiny of s gencrafion and :fr\u,U[lL'ur’

In some kinds of animal populations reproduction performed by par-
ticipation of only a few number of organisms. For instance; in a bee hive most
of bees are sterile female members and they have no role in reproduction. But
the drones (male bee) have ability of reproduction and they are less in number.
There is only one female that able to do reproduction, the queen.

Types of reproduction

There are two main types of reproduction; asexual reproduction and sexual
reproduction:

1. Asexual reproduction
Some organisms can have new organisms similar to them by broking and
change a part of body into a new independent organism. This type of reproduc-
tion can produce one organism or more.
2. Sexual reproduction
Most of plants and large amount of animals are distinguished by hav-

ing male and female members. The males are able to produce sperms while
females are able to produce eggs (Ova).
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These organisms are different from each other in their anatomy, physical fea-
tures and structure of reproductive organs.

Sexual reproduction is performed by union of male and female repro-
ductive cells by passing through a process called fertilization.

Sexual reproduction passes through two main steps,

1- In first step cell undergo meiosis, the number of chromosomes reduced and
resulted cells receive half of the original number of chromosomes.

2- In second step two gametes are unite in a process called fertilization to form
a cell called zygote with total number of chromosomes (2n). Then this embry-
onic cell (zygote) grows into a new organism by series of mitotic divisions.

1.Spermatogenesis

Sperms are formed in testis which consist of a large number of sem-
iniferous tubules. Cells located at the periphery of these tubules, which are
first step in this process are called as spermatogonia and they are diploid (2n).
Each spermatogonium passes through a period of growth after a series of divi-
sions and forms primary spermatocyte,

Y

in two cells being equal in size and haploid (m). These cells are called as sec-
ondary spermatocyte. And each of them passes through the second division
of meiosis and haploid (n) cells which equal in size are formed. Each of these
cells called as spermatid. And each spermatid undergoes changes in shape and
structure to form mature sperm.

‘Flgurr .1 Stages of sperm forma-
tion
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2. Qogenesis

Reproductive cells (germ cells) in female are formed in ovary. The
cells in ovary undergo equal mitotic division to form a group of cells called
vogonia, Oogonia undergo normal division to increase in number (2m).

These cells pass through a period of growth to increase in volume and form
diploid cells (2n) called Primary oocytes. There are many cells small in size
which form a layer around primary oocyte called as follicle eells. Primary oo-
Primary oocyte and perip-  ¢yte and periphery positioned follicle cells together forms ovarian follicle.

hery positioned follicle cells toget-

her forms ovarian follicle. Primary oocyte undergoes first division of meiosis and result in two
cells being unequal in size are formed, due to unequal cytoplasmic division.
And these cells are haploid (m). The big sized cell called as secondary oocyte
while the small sized cell called as first polar body.

Secondary oocytes pass through second division of meiosis and form
two cells unequal in size. Big sized cell (Ooblast) passes through a period of
growth to form mature egg (ovum). But small sized cell called as secondary
polar body (n) and has half number of chromosomes.

Remember First polar body undergoes second division of meiosis and forms two
As a result of oogenesis one  secondary polar bodies. As a result one mature egg and three second polar bod-
mature egg and three second polar ies are formed.
bodies are formed.

Figure 3.2 Stages of egg formation
(for study)

Reproduction in Viruses

Viruses are tiny structures which can be seen only by electron micro-
scope. They represent a connecting link between living organisms and non-living
things.
Viruses cause diseases in human, animals and plants.

They are able to grow and reproduce inside the living cells of other
organisms but cannot survive in external environment. This is due to viruses
have no cellular mechanism to reproduce independently




Information about virus reproduction is obtained by observing a type
of virus, attacking a kind of bacteria called “Escherichia coli”. This type of
viruses which attack bacteria called as bacteriophage. Viruses can reproduce
by two types of interacted cycles the lytic eyele or lysogenic eyele:A

-

Figure 3.3 Reproduction in viruses

A-Lytic cycle:
1. Attachment stage

When the virus becomes in contact with the bacteria, the fibre exist in
the tail stick to special positions on the cellular wall of the host.

2. Penetration stage

The enzyme found in the tail decomposes the cell wall of bacteria in
the region of adhesion. The nucleic acid of the virus (IDNA) is injected into the
host cell.

3. Biosynthesis stage

When viral DNA enter to bacteria, it transcripts mRNA necessary for
the construction of enzymes for degradation of DNA and mRNA of bacteria
then the cellular mechanism of bacteria produces of proteins and releases en-
ergy under the control of viral DNA. Viral DNA directs the mechanism of the

host for the formation of new nucleic acids (DNA) and new viral proteins. ) .
A prophage is a phage (viral)

genome inserted and integrated into
the circular bacterial DNA chromoso-
me or existing as an extrachromoso-
mal plasmid

4. Maturation stage.

Molecules of protein are organized in order to form protein covers
around new strips of the viral nucleic acid; as a result, 100-200 new viruses are
made.

5. Release stage

New viruses cause the decomposition of the host bacterial cell. These
viruses are released in order to infect other disinfected bacteria. This process
completely takes about 25 minutes.
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B-Lysogenic cycle:

In lysogenic cycle attachment and penetration stages occur as in lytic

cycle. Then nucleic acids of virus (DNA) incorporate with nucleic acid of bac-
teria (DNA) without breaking nucleic acid of bacteria and viral DNA called as
prophage. And prophage is duplicated by reproduction of bacteria.

Reproduction in Monera :

Monera includes bacteria and cyanobacteria, it reproduces sexually
and asexually, we will focus on reproduction in bacteria as an example of re-
production in monera.

A- Asexual reproduction in bacteria

Bacteria reproduce asexually by binary fission.
This can be summarized as follows:

I- The chromosome of the bacteria sticks to the plasma membrane in a certain
position and that means the bacteria cell is ready for the division.

2- The bacteria cell gets ready for binary fission by expanding cell mem-
brane and plasma membrane .

3- The division of DNA produces two identical chromosomes and at the same
time the cell membrane and plasma membrane starts to stretch.

4- As a result of this stretch the two chromosomes split in two different direc-
tions within the cell at the same time, the cytoplasm spreads and the cell stretch
will increase.

5- The cell divides to produce two identical cells.

= I
1. Cell wall
lasma membrane

DD

3'\_/-)
D

) )

W
Figure 3.4 Reproduction in bacte-
ria (binary fission) 5
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B- Sexual reproduction in bacteria

Bacteria reproduce sexually by conjugation which occurs between
different strains of bacteria. Scientists found that when two different strains of
colon bacteria (I-coli) are mixed within one transplant media, a new strain
appears which functionality differs from the two original strains that have been
mixed. A type of genetic unity take place between two cells. They represented
by recombination.

Ce I u2arion y ithin bacteria is processed in the follow IHg SIeps

1~ First conjugation happens between two cells. The first cell is called donor
cell, this contain fertility factor, represented by the DNA particles in cyto-
plasm of the donor cell. These cells also contain sex pili on its surface. This
structures make this cell as the male donor cell. The second cell recipient cell
does not contain fertility factor or sex pili and represents the female cell.

2- When sex pili touch the surface of recipient cell, it transforms into a conju-
gation bridge which binds the protoplasm of two bacterial cells.

3- One of the DNA strand of the fertility factor broke in a certain point and
extend to transfer the recipient cell.

4- This broken DNA gathers with a part of the cytoplasm of the donor cell
moves to the recipient cell through the conjugation bridge. DNA strand repli-
cate itself and become a complete double strand of DNA.

The donor cell remain as it was in terms of the genetic material because
the broken DNA strand of fertility factor will be replicated in the donor cell.
At the end of conjugation both cells posses the fertility factor or plasmid.
This kind of sexually reproduction is not an ordinary one, because of new
bacteria does not receive a complete collection of genes from both of the
original cells.

Conjugation bridge

Donorcell Recipient cell

Bacterial
Fertility factor c}::of;osome

Figure 3.5 Conjugation in bacteria (E-coli)
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Reproduction in Protista

Protista includes various types of unicellular organisms. We will study
reproduction of Chlamydomenas, Euglena and Paramecium as example.

Reproduction in Chlamydomonas

Chlamydomonas, euglena
and paramecium are examples for
protists.

Chlamydomonas is a unicellular organism from green algae. It lives in
lakes and reservoirs. The special characters of this organismis having two
flagella. It is surrounded by a thick cellulose wall and contains a green coloured
plastid which has a cup shape. Chlamydomonas reproduce sexually and asexually.

1) Asexually reproduction

Asexual reproduction begins by formation of(2 — 8) or 16 zoospores which
are able to move and swim in water. Division takes place within the cellulose
wall of the original cell. The spores release after breaking of cellulose of origi-
nal cell wall of mother cell. And they grow into independent individuals which
cam swim in water.

2) Sexually reproduction

Sexually reproduction in Chlamydomonas usually happens when the living
conditions are poor as follows:

I. Chlamydomonas which has haploid number of chromosomes undergoes se-
ries of normal divisions. This will give 16 — 32 individuals within the cellulose
cell wall. These individuals similar to the mother chlamydomonas but they are
much smaller than it and these are called as isogametes.

2. The cell wall of the mother cell will be shuttered and isogametes release into
the water. And they unite with other isogametes from another strain which are
formed in the same way.

3. Zygote will be formed as a result of union of isogametes.

4. This zygote has pair of chromosomes (2n) this structure swim in water
for a while and then it loses its flagella. It surrounded by a thick cellulose wall
in order to resist against unsuitable environmental conditions and called as

zygospore.

5. The zygospore re-activated in the suitable conditions, it divides by meiosis
to make four haploid zoospores (n).

6. The surrounding wall split and then the new four zoospores which are similar
to the mother cell in a way grow and behave like grown independent organisms.
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Figure 3.6 Reproduction in
Chlamydomonas (for stud}']

Reproduction in Paramecium

Paramecium is from ciliated Protista spread out in lakes and pond water Swhich
contains water plants and dissolved organic substances.

1. Asexual reproduction in Paramecium

Paramecium reproduces asexually by Transverse binary fission which is explained as fol-
lows:

1. Division starts by normal division of micronucleus.

2. After division of micronucleus each nuclei moves to the opposite side of
Paramecium, at the same time macronucleus extends and cytosome (mouth)
appears.

3. Macronucleus divides by amitosis into two nucleus and move to the two
sides of paramecium. New mouth and two new contractile vacuoles appear and
also the body of paramecium stretches.

4. Paramecium divides into two new paramecia.

2. Sexual reproduction in Paramecium
Paramecium reproduces sexually into two ways; conjugation and autegamy.
Paramecium reproduces

A) Conjugation asexually by binary fission
Conjugation in the Paramecium happens as follows

1. Two individuals from the same type but from different strains meet and combine with
eachother from the side which mouth located and they remain stuck to

eachother for a short time, a cytoplasmic bridge formed between them which

is temporary to pass or exchange of chromosomal substances.
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Micronucleus ; ; . . .
2. The micronucleus in both organisms undergos meiosis to form four nuclei,

Micromilons each of these nuclei contains half of the complete number of chromosomes (m).

Cytosome (mouth)
3. Three of these nuclei dissolve and disappear; the fourth nucleus divides un-

equally by normal division in two nuclei. Each of these nuclei contains half of
the complete number of chromosomes (n). They represent the primary male
and female nucleus.

[

4. The male nucleus in the two conjugated organisms exchange and unites with
female nucleus to form the compact nucleus which contains complete number
of chromosomes (2n).

5. Each of paramecium reproduce asexually by binary fission and four new
paramcc:a are formed.

o

/\
*o00000
O

I- Binary fission in Paramecium
s
.
Figure 3.7 Binary hssion and Conjugation in paramecium

B) Self-fertilization or Autogamy

mmu}.al ion in Paramecium

Autogamy similar to the conjugation as above, except in-exchanged
nucleus, while the two primary micro nuclei which contain half number of
chromosomes (n) unite together to form an identical nucleus (synkaryion). It
contains identical genetic factors (Homozygous) not contains different genetic
factors (Heterozygous).

Paramecium  reproduces
sexually into two ways; conjugation
and autogamy.

Reproduction in Euglena

Euglena is from protista which have flagella; it lives in lakes and cur-
rent water which contain plants. Euglena is exist in free case and encysted in
unsuitable conditions.

Euglena reproduces by Flongated binary hssion and this division
happens in free-swimming stage and encysted stage as follows:

I. The nucleus divides by mitotic division to form additional flagellated protist.
2. The cytoplasm divides laterally and gradually until the two parts get sepa-

rated completely to form two new organisms. Sexual reproduction in Euglena
is not known yet.
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i I Nucleus l- igure 3.8 Transverse binary fissi-

on in Fuglena

Cytoplasm

Reproduction in Fungi

The kingdom fungi contain more than hundred thousand type
and they think there are similar number which has not been discoverd yet. Pre-  Fungi don't have photosynt-
viously fungi were regarded as plants, which are similar to plants in reproduc- hEth. pigments so they are .not aaot;
tion property, growth and biochemistry. But later it was found that they are rephis: g also hey mutribon Sate-
differ from plants in many ways. Fungi don't have photosynthetic pigments &y different from plants strutegy.
so they are not autotrophic and also nutrition differ from plants.

We will study reproduction in black bread mold as an example for
reproduction in fungi. The black bread mold belong to Zyvgomycota which
contain about 1050 types of fungi, the sexual and asexual reproduction in black
bread mold happen as follows:

Hyphae are thread like fi-
lamentous structures that forms the
body of fungus.

FERTILIZATION

Sexual

Asexual —— \%° R Reproduction
Reproductlon/f

<N

Figure 3.9 Reproduction in
black bread mold (for study)
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I. A contact and merging takes place between hyphae which contain different
nucleus, positive and negative, followed by cytoplasmic integration.

2. Gametangia forms at the end of each hyphae, which contain positive and
negative nucleus, in the end of each hyphae nucleic integration (two nuclei
integration) takes place.

3. Gametangia merge and a pair of nuclei then join together to form zygote.
4. A thick wall forms around zygote and melosis takes place.

5. The sporangiophore holds a sac called sporangium which splits to release
the spores and contain half of the original number of chromosomes because it
formed by meiosis. When it falls on nutrients (aprocessof bread for example) the
asexual reproduction cycle starts and the process repeat.

Reproduction in plants

The plant kingdom contains eukaryotic, multicellular and autotrophic
organisms. It is thought that plants descended from plants lived in fresh water
represented by green algae which was about 500 million years ago. Scientists
proved that this descends represent by both of them contain chlorophyll also
different kinds of additional pigments and they store excess amount of carbo-
hydrates as starch and cell wall in both contain cellulose.

In the plant kingdom alternation of generations appear and it is a clear
phenomenon in reproduction of plants, it means the complete life cycle of
plants would be in two stages, they are sporophyte and gametophyte as fol-
lows:

Sporophyte

_Mitosis™
zygote (2n) @) Sporangium (2n)

- Complete number of chromosomes (2n) T
rtilizati iosis
E Half number of chromosomes (n) e

OO ®© | Spore (n)
Mitosis Mitosis ®

» — /
Flgure 3.10 Alternation of genera- '
tion in plants y
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I- Sporophyte

It is asexual stage which produces the spores; its cells have complete
number of chromosomes (2n) and when this stage get mature some of its cells
(mother cells) undergo meiosis for spore formation, because of this division
there will be spores with half of the original number of chromosomes (n) and
these spores indicate the starting of gametophyte.

2- Gametophyte

This is sexual stage and produce gametes, after the fertilization be-
tween male and female gametes sporophyte forms (alternation of generations).
Notice that the size of the sporophyte bigger than size of the gametophyte in
terrestrial plants which are exist now.

Figure 3,11 Reduction in size of
gametophytea (for study)

We will study three examples for reproduction in plants, reproduction in moss-
es, in ferns and in flowering plants.

I-Reproduction in Polytrichum

Reproduction in Polytrichum happens in two stages, sporophyte and
gametophyte. It is form of mosses which represents the biggest part of the
non-vascular plants and includes more than 1500 and types and it happens as
follows:

1. In the mature gametophyte the leafy stem carries antheridia; the male game-
tangia or archegonia; the female gametangia or both gametes.

2. The male gametes release from antheridia to the outside swim in water until
reach the archegonia. Then fertilization takes place by merging male nucleus
with female nucleus.

3. After the fertilization the zygote formed and sporophyte forms inside the
archegonia.
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4. The gametic tissue complete and it is holder of sporangium; which meiosis

takes place inside it to produce spores which have half number of complete
Spores are asexually chromosomes (m).
reproductive cells that can grow

a complete organism without fer- 5. The spores release after opening the cover and spores spreads out in the air
tilization, spread easily and resist because of wind which helps spreading of spores.
against unfavorable conditions.

6. The spores grow into male or female gametophyte (protonema) this repre-
sent the first stage of gametophyte.

’l_pl# r

‘ ; Sporangium
—

,m

\

Zygote
t

Figure 3.12 Reproduction in ferns
(Polytrichium)(for study)

2-Reproduction in ferns

The reproduction in ferns happens in two stages, sporophyte and ga-
metophyte. Ferns are type of seedless vascular plants, includes about 12,000
types. Reproduction happens as follows:

1. Sporophyte: is dominant stage in ferns. Sporangia are formed at lower sur-
face of the leaves.

2. The spores are formed in sporangium and these spores have half of the
complete number of chromosomes (n) because they produced by meiosis and
spores release when the sporangium opens.

3. The spores grow into gametophyte which represented by prothallus. It is a
heart shaped, green coloured structure and carries archegonium (female) and
antheridium (male), it grows from the sharp side.

4. The fertilization takes place in moist media, the sperms swim in water to
reach the egg within archegonium.
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S. Zygote, the product of fertilization formed inside the archegonium and the
first leaf appears above the prothallus and roots formed at below and the spo-
rophyte appears.

Figure 3.13 Reproduction in ferns
(for study)

3-Reproduction in flowering plants

Flower represents the reproduction organ in flowering plants. Continu-
ity of plants depends on reproduction in plants.

The flower is a specialized branch carries differentiated leaves which
involved in sexual reproduction, producing fruits and seeds. Flower contains
parts which directly related to the reproduction and other parts which are not
directly related to reproduction. Flowers are formed from buds but differs from
them by growing nature. For instance we see that flower organs are closed to
each other and not isolated.

Flower consist of -J'pum as follows;

1. Sepals

They make groups called ealyx, which protect the bud before it gets to
the full form. These leaves usually have green colour and stay attached to the
lower part of flower.

2. Petals

These are called corolla. They have different shape, size and colour in
different plants. Usually the number of petals equal to the number of sepals or
its doubles. In Iris there are three sepals and three petals. However in the Rose
there are many multiples of petals than sepals. Both sepals and petals have no
direct role in the sexual reproduction.




Figure 3.14 Structure of flower

3. Stamens

This is the male part in the flower. This is consisting of two parts, anther
and filament. Anther has cylindrical bag shape or an elliptic shape which con-
tains pollens and carried by holders called as filaments. Stamens are usually
loose and they may bind together. The number of stamens may be different from
one plant to another.

4. Pistil
This is the female part of flower which consists of following parts:

a) Ovary
This is the lower part of pistil and contains the “evules” inside it, which are
connected to the ovary wall by a short neck called “funiculus”.

b) Style

It has a cylindrical shape and it is thin and hollow. It joints the ovary to the
upper part called stigma.

¢) Stigma

This is the final (top) part of pistil. This part is rather puffed up. This
part will be somewhere covered by a sticky liquid to facilitate sticking the
pollens to it. However different plants have no same structure of flower. Mono-
cotyledon and dicotyledon plants have different forms of flower.
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2 Have triple or multi triple flower | The flower parts are quantic
art or multiples.

I

Table 3.1 Comparesion the differen-

4 | Parallel veined leaves Net veined leaves. ces between Monocotyledon and
Dicotyledon plants.

6 [ Generally herbal plants Generally woody plants.

Flower Terminology

2 Incomplete flower Sqmg basic parts of flower are
missing.

. Have stamen alone or pistil
4 Imperfect flower or Diecious PP

different Kinds of flowers

First: The formation of pollens and ovules
1. Anther and Pollen Production

Anther is made of two splits alongside with inner tissue which lies from
the base of anther to its top. This tissue surrounds the vascular bundle. Each
split of the anther is made of two compartments and each one called as Pol-
len sac or Microsporangium. The pollen sac contains Pollen Grains. When
the Anther gets mature the connecting tissue between two compartments dis-
solves and two compartments become one compartment and open to the out-
side through vertical external split. Then the pollens will be ready to spread to
the environment.
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At the beginning the pollen sacs contain the microspore mother cells
which have double number of chromosomes. The microspore mother cell di-
vides by meiosis to form microspores with half number of chromosomes (n).

The nucleus of microspore divides in an ordinary way and each new
nucleus will be covered by cytoplasm to form a tube cell and a generative cell.
This represents the immature male gametophyte. The pollens spread from
anther to outside approximately hundred numbers in each anther. The pollens
are covered by a thick wall with horns or they are rough surfaced, taking differ-
ent shapes according to type of plants. Pollens contain number of thin regions
called germination pores,

Figure 3.15 Life cycle of flowering
plant (for study)
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Figure 3.16 Pollen formation in
flowering plants (for study)

Pollen sac
Generative cell
nucleus Sperm cells

Tube cell Tube nucleus K

2. Ovary and Egg Production

Pollen grain

Pistil together with ovary made of leaves called as carpel leaves (one
or many). The carpel leaves represents the megasporophyll where the eggs are
attached to the ovary wall as a shell for megasporangia.

Egg start growing by having a small hump called nucellus, connected to
the ovary wall through the funiculus. This is covered by one or more layers of
ovary cover cells. These layers grow from the base of nucellus and cover the
nucellus completely except the top part where it leaves a small hole called as
micropyle.

A compound cell grows inside nucellus called megaspore mother
cell. This cell undergoes meiosis in order to produce four megaspores with
half number of chromosomes (n) on the same line.

Three megaspores disappear and the fourth one remains. This represents
the female gametophyte which is immature and thin called embrye sac. This
will grow in size as long as the cytoplasm grows together with the nucleus. This
occupy the most of the ovary.

Three successive divisions take place in the nucleus of the embryo sac
resulting in eight nuclei in the embryo sac. Three nuclei organize near the mi-
cropyle and three nuclei at the opposite side, two of them remain at the centre.
Three nuclei at the micropyle side covered by membranes to form cells, the
middle one represents the egg cell and the other nuclei at the two side forms
two synergid cells. The nuclei of opposite side of micropyle within embryo sac
also covered by membranes and it forms antipodals. Two central nuclei form
two polar nuclei. The embryo sac represents the mature female gametophyte.
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When female gametophyte gets mature, the mature egg formed in mature em-
bryo sac and covered by membrane and nucellus. And funiculus looks curved
to the bottom in a way so micropyle is near the funiculus and may takes other

Pollination is one of the  positions.
operations which lead to produce
seeds and provide fertilization. 3. Pollination

Pollination can be defined as transporting of pollen from anther to the
stigma of same plant or another. As a result of transporting fertilization takes
place, so the pollination is one of the operations which lead to produce seeds
and there are two types of pollination:

1- Self pollination

This happens by transporting of pollens from anther of a flower to the
stigma of the same flower or to the stigma of different flower of same plant.
This kind of pollination happens in many kinds of plants like wheat, barley,
rice, cotton, beans, peas and orange trees.

2- Cross pollination

This kind of pollination happens by transition of pollen from anther of
flower to the stigma of another flower fram another plant from the same kind and
perhaps to the other kinds belongs to same species. The cross pollination hap-
pens in many plants and it is more important than self-pollination because the
fruits are bigger in size.

That'’s why the farmers are advised to have bees house in the farms
or nearby to guarantee cross pollination then to get a lot of and good quality
products.

The bees are most important and helpful insects in pollination, so some econo-
mists estimate the profit of pollination by bees a huge amount of money (yearly
average is more than 200 billion dollars) in the world.

There are also many other insects for example beetles,butterflies and others. Also
the wind and water play a good role in transition of pollens then pollination
and also human can do this job such as in date palm trees.

4. Development of Pollen Tube

The pollen grows after fallen on the stigma to form with a narrow diam-
eter called as pollen tube usually each pollen produces one pollen tube.
The pollen tube grows and penetrates the stigma and the style until it reaches
the ovary which contains eggs.
Although many pollen tubes are formed, but only one of them reach the egg.
The pollen tube grows up and generative cell undergoes normal divi-
sion (once) to produce two sperm cells. So the pollen tube contains a tube cell
and two sperm cells, the pollen tube represent the mature male gametophyte in
this case and it is ready for fertilization.

The pollen tube represent
the mature male gametophyte in this
case and it is ready for fertilization.
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5. Fertilization and Embryo Development

With arriving the pollen tube into the ovule, it penetrates the Micro-
pyle and enters the nucellus then into the embryo sac and releases its contents
in it. One of the sperm cells unites with egg to form zygete which has diploid
(2n) number of chromosomes. The second sperm fuse with two polar nuclei to
form endosperm nucleus, so this nucleus has triple (3n) chromosomal group.
Union nucleus of one sperm cell with the nucleus of egg and union of the nu-
cleus of second sperm cell with two polar nuclei is called double fertilization
which is one distinguished characteristic of flowering plants. After fertilization
is completed three antipodal cells, two synergid cells and tube cell disappear.
Zygote starts normal divisions to form embryo. The endosperm cell undergoes
many divisions to form endosperm tissue which contain nutrients to be used by SP€rm nucleus.
embryo during growth stages.

Endosperm nucleus is
triploid (3n) becuse it formed
by union of two polar nuclei and

We can surmmarize the growing stages in dicotvledons ax follows

1-Zygote Stage

In this stage double fertilization takes place and products are zygote and en-
dosperm.

2-Pro-embryo Stage

In this stage the pro-embryo is multicellular by having non-functional parts.
3-Globular Stage

The embryo like a small ball in this stage.

4-Heart Stage

The embryo is in a heart shape and cotyledons start to appear.

5-Torpedo Stage

The embryo as torpedo and splits form and seen clearly.

6-Mature Embryo Stage

The embryo gets mature and starts to grow. It takes the shape of a real embryo
formed from shaft, pre-root, pre-leaf and split stem.

Endosperm nucleus ~ Endosperm

— Embryo

Zygote
(1)

. ical
Egn?e%donsRﬂﬂt axis %%ristem
eetd
coa
Endosperm Figure 3.17 Embryo formation in

Apical meriste flowering plants (for study)
(5) (rgot) Cotyledons 4 '

(6)

(2)

Zygote

Endosperm - eaqy cotyledons  Apical meristem
(stem)

(4)
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6. Seed Formation

The formation of the seed starts after fertilization directly. So endosperm
cell divide to form endosperm tissue and then grows and covering of egg trans-
form into seed coat which define as testa.

The seed at the mature stage formed from embryo and a cover of seed
as it is in most of the seeds in the dicotyledon plants like, broad beans, green
beans and others. But there are types of plants as wheat, corn which the em-
bryo doesn’t use endosperm unless that seed has been planted and started to
absorb water. The mature seeds usually formed from embryo, endosperm and
also cover of the seed which is consist of one layer or more.

Seed coat

Young
Shoot

Endosperm
Seed coat

Embryo | FRadicle

Plumule _Embryo

Embryonic

Figure 3.18 Seed structure in
A- Monocotyledon plants Radicle
B- Dicotyledon plants

(A

7. Fruit Formation

Formation of fruit starts by growth and expansion of ovary wall. This
will be accompanied by the growth of the seed inside the ovary. Fertilization
process regards as stimulator causing to expand the ovary. This expansion may
include some other parts of flower such as the receptacle as in the case of ap-
ples and covers of flower as in berries. These kinds of fruits are called false
fruits. A large quantity of food is needed to develop the ovary to the fruit.
Foods such as glucose and amine acids are transferred speedily to the wall of
ovary through tissues which link the parts of flower to the stem.

Fertilization process regar-
ds as stimulator causing to expand
the ovary

These food materials are converted and stored as feeding material like
some complex sugars, proteins and oils. When the amount of sugar is high
in fruits, this sugar makes it sweet. This in the case with fruits such as grape,
dates, etc. Sugar may convert into starch at the maturity stage as in corn, grains
and rice.

Oils can accumulate in the fruits with large quantities such as olives. In
some other kinds of fruits water may be stored such as in watermelon, melon
and tomatoes.

On the other hand some other kinds of fruits will have very low level of
water content when they are mature such as walnuts, nuts and almonds. These
kinds of changes to the fruit accompany changes to their color. For example
chlorophyll disappears and replaced by carotene when some fruits get mature
as in tomatoes. Anthocyanin can accumulate as in grapes and pears.




Pollen grains have two roles. First producing male reproductive cells
which fertilize the eggs with double fertilization process and this produces the
seed. The second role is stimulating special hormones which organize the ma-
turity process of the ovary and converting it to fruits. Therefore this process can
be replaced sometimes by sprinkling some hormones over the ovary of some
flowers. These plant hormones affect the ovary to get mature and change it to
fruit. This process called as artificial pathenocarpy and these fruits are called as
artificial parthenocarpic fruits. However there are some kinds of fruits which
naturally have no seed and these called as natural parthenocarpic fruits.
Pine apples and some kinds of grapes are examples. It is believed that
the ovary of this kind of flowers have high level of hormones.

Figure 3.19 Some kinds of fruits
(for study)

Structure of fruit

[t is possible to define the fruit as a mature ovary with its contents and its cov-
erings. Seeds are formed in fruit and consist of three layers. They are;

A) Exocarp; can be called as a skin or cover.
B) Mesocarp; can be called as a flesh.

C) Endocarp; can be called as a pith. See =
= Mesocarp

Edcarp

Notice that these layers differ in growth rate and thickness in different types of "
plants. Figure 3,20 Fruit structure




Figure 3.21 Dispersal of fruits and
seed by animals

Types of fruits
Fruits have various types we will summarize the common types of fruits as
follows.

1. Simple Fruits
These fruits are product of one flower with one carpel or many carpels as in
case of broad beans, tomato, cucumber, orange and apricot.

2. Aggregate Fruits
These fruits formed from many separated carpels. The fruits in this type come
from one single flower as in blackberry.

3. Compound Fruits

They can be called as mulople frins and formed from a group of flowers. Each
flower forms a fruit and they remain connected to each other at the maturity as
in the case of pineapple.

Dispersal of fruits and seeds

Large number of fruits and seeds contain structures or different special
parts help them to spread out easily in their environment or in similar environ-
ments by different factors which help to spread the fruit and the seed like wind,
birds, and other animals, human and also the structure of seed and opening of
fruits.

The wind carries the seeds and fruits away from the mother plants as it
happens in the seeds of grass, weeds and desert plants. Since seeds are very
light in weight or covered by hairs in umbrella shape as in the winged fruits.

The animals also help to spread the seeds and the fruit so that some
seeds contain prickles and it sticks the skin of the animals so it transfers it to
far distances from its position.

Many water plants depends on water waves to transfer its seeds and
fruits in order to keep the species, usually the seeds and fruits of these plants
are light or their cover contain vacuums which help seed to float on the surface
of the water as in coconut.
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Reproduction in Insects

Inscets show big differences in reproductive systems and reproduction
methods; this difference comes of a huge vanety of insects, [Cs the maost van-
o animal group, and includes nearly @ million vpses,

Insects usualby aredioecious, the two sexes are separate into male and
female, most Temale msects are bigper size than males, thene are other differ-
ences between male and female which are colour, having wings or not, shape
of antenna and the legs.

Reproduciive aregas (- Insecis

The reproductive organs in male and female are not differentiated until
the arowyth stage after embrvo formation is completed, ditferent kinds of insects
have different reproductive systems, i general reproductive organs in insects
divides inlo two parts:

1. The inner reproductive otgans, consist of gonads and a group of exported
canals and some supplements ke glands, spermaiheca and some other,

2, The external reproductive organs, this represenied by ovipositor in female
and copulation apparatus in male

I-Muale reproductive xystem in Inseois

Muies. reproadiciive sywiem covesivtyof i parts amed e stenetiee oy
feallpwes

1. Two testes which are Iocated above the digestive tube oron its side, (e testes
i insects congisl of group of small tubes called seminiferons tubules,

2, Bemieniferaus ubules opens into small canal on the same side called vas del-
erens, the front part of vas deferens is connecied to the testes, and the back part
iz.connected to the seminal vesicle which répresents wide area of vas deforens.
3 Too wis deferens unites w fom sjacolatory duel which extends mito the
pemis, and this opens inthe-end of it1o the reproductive opening which releases.
it sperms froam it,

4. Twos seeessory glands which bocated in the beginning of ejaculatory: duct and
they secrete mucus. guid which surrounds the sperms and it forms sac stnue-
ture around it called sperm sac,

2-Femule reproductive system in Insects
Fegnsile peprodaective system congists of the followlng pars and siruciines:

1. A pair of ovaries, each-one of them conzists of a number of ovum tubes
called ovarioles and these twbes don't contain a vacuole, ovarioles contain oo-
sonia and vocyles, And also contain nurse cells for their {oocytes) nutrition.
2, Two oviducts on the sides and the back part of each ovary are connected
1o an oviduct on cach side, Two oviducts on the side wnite 10 form the main
owiduct inbo 1t




3. Serminal rece'ptau:le: thiz ig @ sac struchure belongs to female reproductive
sysiem in most ingects-and some msects have two or three seminal receptacles
usulhy a gland connects 10 the seminal receptacle called o gland of seminal
recepiache which secretesa liquid o Keep e sperms while it stavs there, Segmi=
inal receptacle comnects w the hack wall of vagina and it receives: the sperms
during mating after that it releases them to fertilize the cpoe.

Aceessory glnds, these are repregented by a pair of glhinds which are
compected to the end of it o be open m the vagina, Vagina; is the back
part of the reproductive system whone the main oviduct opens the function of the
poeessory glands varies in msects, in some insects the accessory glands are ra
responsible for forming the ovisac as in cockroaches it is also used as defence \ y
a5 it Bee and in anis the accessary plands are used 10 mark its path. Commion o/ receplacie

Fertilization and reproduciion

Fertilization takes place when two adult insects male and female from =g -
the same type meet and then maring will ke place, During mating the male receptache
reproductive opening flops on female reproductive opening, so the male cjac-
ulates the sperms inte the vagma and female releases its mature eggs i the mmgllm

vaging ton, the sperms ferilizes the epgs. Figum 3,23 Frmisle ropraditie

Female msects wsually lays its avgote in places which have suitable systo ol imsect

environmient for its growth, it lavs the eges in holes which it digs them by ovi-
postior or stieks them on plants-Jeaves, or lovs then in holes,
In this case the insects called oviparous, and the reproduction defincs as evipary.

There e some insects: lavs larva instead of epgs, these insect calied
'.'i1.-'i]mr-=:|.m and ean he pvoviviparons, thiz kind of ingects keep the zvgnie ingide
its body certainly in the oviducts, the embryvis will grow and develope and
the egg. hatches then the small thsecis come oul

Posieror vena cava

Reprowsctiomn-im Frog "-.

Frog belongs to' Amphibian class within vertebrate phylum; it repre- Aorta by ‘-.-‘ '§ ﬁ. Mesorchivm
senis the example which explains the strategny of body formiing ingquantic feet,
Frogp reprisduces sexually ) we summiarize 1he conténts of male and female re-
productive svstem in frog and alse reproduction in frog,

{. Mule reproductive sysiem fn Frog.
Male reproductive system in frog consist the: following;

A pair of testes which are sttached to the kidneys, the testis stretched Cloaca ;
eeg shape structane, and its light yellow, it connects to the mner wall for the eh B
bedw by mesorchinm, Thers are maany Anger shape projecticns near the: frong
end of the lestes, these called fat body, [t represents food store, the animal
use it for the growth of the testes during the winter season. Testes contain
wiggled seminiferons tubabes with internal wall which 15 responsible [or sper-
IMALFEENES IS,

Figure 3.24 Mabe reprotluctive
system in Frog (for sfudy)



Fizare 3.25 Female reprodoctive
systemy in frog {Ter stady)

YVosa efferentia, numbers of them are 10-12 which connects to seml-
niferous tubules, and it connects to kidneys tobules.

Two vas deferens these are joint canals with kidnevs canals therefore it
they called  wrogenital ducts, they transfer the urine and the sperms and it
opens into the cloaea, in some frogs the back part of vas deferens can expand o
frm semina ] vesicle the sperms will be stored it Frogs don’t have external
miale mating orEans,

2, Female Reproductive system in Frog
P Heprode e systear i e comsistaf the faflmiing sirmecteey,

Two ovartes which are located near the kidnewvs, they connect 1o the
imner body wall by mesovarium, the ovary in frog is iregular sac structure
it appears a5 a sa¢ with multi-clove, And its celour is hlack 1o grey, there are
adipose bodies in the front end of the ovary, as in male, The twoe ovaries will
be expanded a lot during the reproduction season.

The eges formed from germ cells which is in the lining of the ovary through
A enEsis,

Twio oviducts, the oviduct in frop is wiggled, long, white tube and it
doesn’t connect dircctly to the ovary, the front end of cach oviduct is a funnel
structure with fimbrea opening, the function of imbrea is represented by mov-
ing the eges 1o the back, There are glands in the iner laver of ovidusts which
seerete albwamin layer around the eggs while passing in the canal, the back
end for each oviduet will expand o form ovisae which the eggs are collected
before il gets released. Oviduets are open by (wo sepenite openings in the wall
af cloach,

Mating and Fertilization in Frog

Sexually marre frogs gathered with each other in reproduction season
which is usually in spring scason, they are availabie i the lakes with shallow
water, the male frog hugs the female by its fromt parts, the ficst finger in male
iz expanded to form nuptial pad which helps to bold the female, the frogs
stay like that for period of time, so the male presses on female’s h.xi}-. then
female starts to release its eegs in the water, and at the same timée male starts
o gjaculafe sperms on the eges, so fertilization fakes place, and ysually the
one. g will be sumounded by 2 big number of sperms. but only one sperm
stuceeeds i Ferfilization, and then fhezygote will be formed which represems
the beginning of forming o mew animal.

Fertilization takes place outside the female body, this is called external
Tertilizatinn, After that the Zyvgoe will pass by cleavage stage and Tadpole
torms which it has tail. with growth progress and having morphology chang-
5, he tedpole will lose its tail and the gills which will have langs instead 10
achieve respiration in adult frogs.




){L"Hﬁﬂi Fizure 3.26 Reproduction and life
"' vwehe of frog (for study)

Reproductive System in Haman

As the case m o most vertebrate the sexes. i human alse iz separated,
the reproductive system in human is more complicated than other vertebrates:
woe will 2tudy the parts of male and female repraductive system and the function
of cach one.

Mile reprodaciive sysfem in Fvman

Sarniniferous tubules i
Figure 3.27 Malke reproductive

syatemt dn haman

Male reproductive system in Tuman consist of reproductive organs and acces-
sory plands.




Table 3.3 Explains content of male
reprod netive svstem amd  fonetion
of ench one

Sperm Formation

The testes in human is an oval shape it containis seminiferous
tuhules, and the length of seminiferous twbules all tooether is aboue 250 me-
ters,

In the seminiferous whules spermatogonia forms which will increas-
a5 insize and divides nemal division to form two primary spermatocytes and
both of these eclls are bi —chromosome group (2n). .

Primary spermatocytes underzo meiosis to form secondary spermato-
eyles ind these cells are haploid chromosemes group (n), followsd by secom
LT dmmmm produse early spermatids which are haploid chromosome
group (n), and these differentiste to form sperms which is alse haploid chro-

mosome {A].

Mature sperm iﬂlﬂ'mﬂhﬂesr_l-]'.llﬂ- three parts: head, middle plece and
tail, the head consists of nucieus and a head cover which containg the acro-
some in the front part, it 1= thought: ﬂ:atdmmﬂanammm is forming
malerals with erEyme natu:& the ez membranes gt dus—mlw.:d by this ma-
terial in the area which sperm meets the ‘egg s this fE[GIlIEﬂTE:E the passing of
sperms to the egg surface, and the middle picce q-untﬂm an axil of longitude
tubes, it is believed that it controls the nu:r'l.rtmi;m of the il




Baciion in-semintfarous ubuikee Secion N tesds shows seminfenous bules

Huad Meck Tail

Middle place

2 Female reproducrtive spstem (o aman

Fetvile reprodictive svsfem in human congists of two ovaries, two ovis
ducts, vterus and a vagina.

The ovaries contain thousands of ezxes and they are wually smaller
than the testes, each epg grows inside a follicle called graflian follicle and
this grows and increases in size, until it explodes in the end 1o refease the ma-
ture egg: During woman’s fertility. period. about 13 eggs get matured every
wiear, s0 about 300400 erps only gets a chance 10 be moture and the rest
of the egpsare dizsolved and absorbed,

The two oviducts are-called FBallogion tube these tubes to carry the
egas, the font part of them has fumel shape openings Lo receive the cups
which it releases from the ovary afier ovalation, ovidue has a fimbrea lining i
push the cgEs m s way.

Oviducts open in the upper sides of uterus, Which specified to keep the
embryo during the nine months while staving insidie the wtems,

The uterus has a thick muscular lining, and a lot of blood vessel and
Cepeciabized hoing,

Vagina, this is represented by a muscular tube ready 1o receive the
embryo after it exits from the uterus; iUs also specialized to receive male organ
during the midreounsd,

Figure 3,28 Testis structure in
v | For stoady )

L
Figure 3.29 Matre sperm in
human



Fallopian tube

Endometrium

Figure 3,30 Female reproductive
svstern i homesn (for stody )

Transterring the cggs from the
2. Owviducts (2) This is called Fal- | ovary 1o the uterus and usually
lopian Tube the fertilization of epgs takes
place in it.

e mmad their fonciion in buman

%} = g ?:‘-
It secretes mucus material 1o help
sperms 1o move inside the wterus.
4 Cervix (1) e ety
Table 3.4 Female reproductive sys- Adter fertilization it Pme_ﬂi the
embryo from bacterial infection.
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Fertilization and pregnancy

Fertilization takes place when the sperms enter 1o the vagina during the inter-
course between male and female at or near the ovulation time,

The sperms swim from. vagina Wwwards the cervix then enter i the
urerus then ascend to the Fallopian tehe, where the fertilization takes place if
there was a live mature egg in the upper third of it I mature epg descended
tor the lower part of fallopian tube before the fertilization it loses its shility for
fertalization,
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The mature epp gets fertilized by one sperm only, after ferilization
the evgate formed in the fallopian tube, and then it starts to go down until it
regches the werus where the embryvo is implanted in the thick lining of the
wleris. Embryonic membranes grow o form a sac which surrounds
the by and if containg ammniedic Buid,

- AL the end of implanting the embryo 10 the werus linibg pregnancy
stage will start and the corpas lutenm continues o secrete progestérane hor-
manes after the 26" doy-of menstrual evcle until the Gith month. 5o it lacks the
ability to form enough amount of this hormone t continue the pregnancy, the
placenta replices, and it works as endocrine gland 1o give enough amcunt of
progesterone homones to the lining of werns directly instead of secreting it 1w
the blood. ' '

The embryo will be ready for birth alter abouwt ¥ months of the begin-
ning of its growth, Before the birth the placenta will stop 1o produce proges-

terone homones, the uterus stans o -contract, and this is the first sign to start

the birth. then the cervix expands and the sac which contains the fuid. will
gphit, Then the quid comes:out and the uteris starts oy contmct strongly and

consequantly te push the baby autside the uterus thraugh the cervix then to the.

vagina and then to outside of the body.
The size of the breast m women increates during the pregnancy, the
milk gland secretes the milk az x respond to the effect of the honmones,

Menstrual Cyele

In the reproductive svstem of sexually mature female, periodic chang-

es happens, these changes start when the female reaches the adolescence age.

12-14, these changes happens within menstrual cycle.

Menstruzl cvele includes changes happens in the ovary which leads 1o
owulation and explains the main roles for ovulation and the srowth of ovarian
folliche, and also changes in e lining of themerus, the table £3:3) explaing the
events of ovarian cyeleand urerine eyele

{-Cvarian Crole

The Owarian cvele is controlled by Gonadetropic Hormones, Fallicle

Stimulating Hormene (FSH) and Luotelnizing Hormane (LH), we summa-
rize the events of ovarian eyvele as-the fllowings:

a. Early Follicle Forming stage: 1t contains oogoma which are diploid (2m),
amd the first meiasis siaris,

b. Primary Follicle forming stage; A non-cellular membirane called  zone
pellucida starts to forms aroond the ezg.

. Secondary Follicle stage, the vacuole of follicle appears with full of secre-
tionz fromy the follicle cells, hlood plasma contents, protein and others.

d. Mature follicle stage, the follicle gets mature and the first meiosis complet-
ed, the secondany oocyte and a primary polar body torms.

e, Dvulation stage, the Follicle splits, then the secondary ooevte and fiest polar
body relesses,

f. Corpus Luteum formation stage. Corpus Tutewm forms from the follicke

cemaining. { The Compus Luteum disselves when the woman is not pregnant}.
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stages in sexually mature
human female

2= Urerine Cyele

Female sexual hormones in the ovarisn evele produces estrozen and
progesterane, these hormiones effects the internal lining of the uterus endome-
triwm and this causes peniodic events called uterine eyele the period of
this cyele is 28 days and it divides as the following:

I, Between the days 1-5 the level of sexun] hormiones is Tow, this leads 1o tear
the lining of the wterus and s blood vessels, and the blood comes out by the
waging during the monthly period,

2, Berween the days 6-13 the ovarian follicle will increase producing oestrogen
hormone: the internal linmg of the utenss thickness and becomes rich with ves-
ﬁ.éﬂs ard glands, this called refa'n-dxmtlm slaga,.lhe-muhlim usually takes place
in the day 14 of the 28 davs of ovole,

3, Between the days 15-28, the corpus uteam im:l_'ﬁlziq pn‘.n:_luring progesteTone
hnnmne‘eam’.:ing douhle iru:'m’.':i.fle in thickness the fining of the werus and in-
creasing uterine glands which pmduv:'-:s mucus secretion, this called secretion
stage of the menstrzation cycle,

The intermal fining ol the werus i this case will be ready 10 receive
the embryo. And if thens isn't pregnancy, the corpus Juteum disappesrs and the
level of sexual hormone decreases in fomale's body and the intemal lining of
the uterus tears, then the monthly period takes place.
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*arthenopgenesis

Parthenogenesis is type of reproduction which the ml:rlj.'-:: erows from
Tlﬂn-fert[hi'ﬂd egg. This kind of remudw:ih:m happens in the :aphliis insects and
in mapy kinds 4:|-I5'ﬁ3[:|-.15,r mnphil:uan and desert lizards.

Parthenogenesis is common in honey bees, the female of bee or the

queen gets fertilized by the male ance in its life. It keeps the sperms in'a sac

“which is connected fo the reproductive passage. closes by muscular valve,

when the quesn bee lays her eggs, it opens the valve to release the sperms, so

these sperms Tertilize the epgs or it keeps it elosed.the egps will grow withait
Fertitization and the fertilized egus become male:

In some cases the parthenogenesis is the only type of reproduction, there
are e gathers of Whiptasl lizads which lives in south-west of America and
their individuals are female and these females are diploid {2n). So; becawse thelr
ehromosomes doubles it self before meiosis division 1 be tereaphoid chro.
mesome (4n) and after the division it becomes diploid, these eges which are
diploid grow without festilization |

Table 3.8 Ovarian cycle and uterine
evele in eman
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Hermaphroditism

Many types of animals bas male and female reproductive organs in
the animal, thes Kind of animal called hermuphrodite, therefore the one animal
produces eggs and sperms, usaully most of hermaphroditic animals avoids self
fertilization bul tapewarm have abiliy to Fertilize stself {self fertilization).

Although it has niale and female reproductive orzans at the same time,
bur it fmi'lizéis.ilseggs by sperm of conjugared animal oF Vice versa, There
AFE SOME h-l::rm.ﬂ.phlﬂd[‘li.l.‘:-al‘lé‘i‘n'ﬂlﬁl gvoid selffenilization becanse arow ing and
miaturing of eges and the sperins in différant times. On the other hand the tape
worm has the ability to do sel=fertiiination, so it sperms fertilize 15 cogs.

Hermaphroditism has different shapes in-many miveriebrate animeals
like some hvdra, flar worm, annelids and some types of scabe, Tt seen in some
kinds of fishes. but rare i other vertebrates,
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Review

1 Write the suitable scientific term in each of the fallowing

B e gt cells which are produced by milosis from the primary germ cells which are lined for the seminiferous
thulies,

T A uniceilulamr_ganimn s From green alpae, and s green cell has got two Magella.

o i is egu shape o cylinder sac structure and it has pollen inside it.

B has-ﬁ__gr'eﬂn colour heart shaped siructure and carries Archegonium and Antheridium.

(3.2 Mention the location and the function of the following.

Acrosome, Corpus huteum, Accessory glands, Prostale ghands, Fallopian Lubies, Sporophyle. Stigma, Micropyle, Torpede suage.,
2.3 Compare hetween the followings.

L. The donor-cell and the revipient cell 1o sexoal reproduction of bacteri .
2. Archegoninm and Antheridium,

3. Sepals and Petals,

4. Cross pollination and Self-pollination

5. Artificial fruits and nateral fruits,

6. Compound Fruit and aggregate Fruit,

1. Owiparous insects and ovoviviparous insccts.

8. Conjugation and self —fenilization in Paramecium,

Q.4 Complete the followings.

1 Thesperms Fomm in oo e iich comsist ol g mumber Tom. . e

1. Reproduction in viruses happens  through two integrated cvele fiest one iz ... cyeleand. . oo ovele
&, Faramecium reproduces sexually By o vaiioivmer@iis o imianiat iod anssins imiaseminii

4. Anthocyanin pigment accomulaies 1o manmre fruit a5 i ... 30E e

5. The reproductive OTpans insects are 1wo PaMs ..o o 1, i R T e Rk

&, The length of seminiferous in human tesies 18 oo i e i

7. Matre sperm in human divides inte three parts are........ e E A 17 NSRRI ’

0.5 Peline the Tollowing sciendific ferms,
Douhle fertilization, multiple fruits, pollen tube, nuptial pad, Graffian follicle, parthenogenesis.

b Chonse the correct answer for each of the follewings.
L. Alernation of Ceneration appears in fife cyvole of;

a-Bacteria c-Amocha b-Plasmiodium d-Pobdrichum
2, The number of spermatids that formed al the end of SPETTHATDEENSS]S 5
a- (d) c- (6} b (2] d- ( &)

3. Bacteria reproduce asexually by:
‘p-Budding ¢-Rpgeneration b Binary fission d-Spores formuion
4. Paramecium reproduces asexually by:

a-Binary fission  c-Budding b-Regeneration d-% pores formation
3 Which one of the following organisms doesn’t reproduce asexually by bina-
ry fission 7

a=Paramieciom c=Euglem b=Bacteria d-Black bread maold

6. 1he shape of leaves vein in the plants with double splitis:
errzted e=veriival b-parallel o= wrossed
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LT Wirite a sumnuary about each of the followings:
L. The role of the bees.in plants pollination.
2. Male reprodusctive system in rog

(B Write what vou know aloat the fallowings:

l. Explain the stepsof asexually reproduction in bacteria by a diagram.
2. Alternation of Geperation in-plants reproduction.

X The evens of uterine cyche tnhuman female.

L8 Explain what happens in the fellowing cases:

1. Dizgappearance of corpus lutewm in forth month of pregnancy,
2. The location of testes inside the human body,
3. Absence of cilia in the lining of fallopian wbe,

Q.10 Expluin by o disgram with writing the data:
1. The stages of sperm formation.

2. The three lavers of the fruit .

3. Male and female reproductive system in insects,

QL1 Justily and explain the following Facts (wrile causes):

1. Reproduction enables the survive of species.

2. Alternation of Uenermtion is the best way for repreduction.

3. Oaly some members. provide reproduction process in some species:

4, In asexvelly mpreduction some ofganisms disappear when the environmentil conditions available,
3. Human uspally uses artsficial ﬁ:utll iZation.

b Pmt_luciim large number of pollen grains.

1. Presence of micropyle in the ovary and the seed.

8. Presence of Cawper glamd, prostate gland and seminal vesicle in the male reproductive systam.
Y. Viruses are able to grow and reproduce inside the living celis. but it foses this ability outside’
10. The il of virus secretes enzvime when attaches o the bacierial cell,

1. The farmers advise 1o have bee hives in their fams,







Objectives

1- Define the concept of growth.
2- Define the concept of cellular differentiation.
3- Determine the levels of organization in animals.
4- Summarize the most important theories of

Embryology.
5- Define the term of Cleavage.
6- Define the term of Gastrulation.
7- ldentify the factors lead to congenital malformation in human.

8- |dentify the types of twins.
9- Define the Stem cells and their types.
10- Explain the concept of cloning.
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Iniricluetion

Embrvonic dievelopment or the.geowih is worth 10 give attiention; In many cases it
leads 1o wonder, o how is the tiny human egg 1s diameter iz one hundrend
micrometer and it 5 mol seen by naked eye becomes a complele organism
which consisis of billions of cells and each group of them achieves functional
role. Embrvonic developmenr includes growth, and differentiation which
are basic characters of life.

The guestion s ~How the formation of compleie organism can be per-
fermed from simgle celf?™

To answer this guestion, we say, all the necessary mformaticd is avail-
able inside the zvgore, mainly in the genes of nucleus. All the stages of embryonic
devalopment controlled by DNA particles which lovated inside the zygote.

Concepl of Grawth

Cirowth can b defined s an increase i stiee and weight of cells of
organisms, The tissaes are made up from a large number of cells which plav the
main role in the stages of growth, the growth of the organisms occur by one
of the following metheds:

I-Coroweh by cell repriducrion or cell duplication, that’s m:hie'l.-gzi'ihy f{jrmin;g
now - oclls by division.

LInterstitial growih, this kind of @rowth means is the merease in the cellular
substance which found in construction of tissues as intercellular substance in
connective tissue. Hyaline cartilage cells grow and differentiate imto mature
cartifage cells which secrete imterstitinl substances. This forms the base mate-
rial of hvaline cartilage tizsue, This represented by choadro-mucoprolein 0
the cartilage grows by increasing its interstitial substances,

A= The growth of a single eell; this kind ol growth is rarely happens, it s
grawth in size of the cells, for example the growth of nervous cells; il indreases
in zize and multiples of the original size. That’s because the increase in the size
of eytoplasm through pew organelles formation, and also the growth of den-
drites in the nervews cell which inereaszes the surface ares of thecell,

Conecept of Cell Differentiation

Cell differentiation is defined as the ahility of embryonic cells in the ear-
ly stagzes of embryonic development to zet functional ability. this means functonal
ability of cell ora growp ol eells whickh vaber cells cann’t do i For example con-
traction in the cell or fiber muscle is special functional wrait or muscular celis,
can’t any other cells do it and dlsn secretion which happensin the li;]and; cells:

Although there are some recognized factors which play roles in di-
recting some cells in differentiation but the procedure of differentiation is not
understomd complegely.
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i “Oirpanization in Ani s mmiplexity
Level af-Orzanization in Animals Complexit

Copmypbicary is regarded a5 one of imporant characteristies in-history
of pnimal development, =0 the simplest unicetlular animals have much more
narrow field in comphesier level, Despite of that, these animals are complete
organisms and they do all the main vital activities which the more complex
-animal do it. Animals show five Tevel of organization, and they are ordered in &
way seeach one oF them 15 more organzed than the previous cne as following:

A-Protoplasmic fevel of organization

Pratoplasmic organtzation 5 clear in unicellular organisms as Profis-
ta. In thesé organisms all the vital activities take place inside the one which
represents. the main undt of life, In the protoplazn of the cell some arganelles
spocialized to do special functions.

B- Celfular tevel of arganizafion

In this Jevel of organization we see division in the fimction, that some cells
are specialized for reproduciionand others Termudrition asin eolony of volves,

C- Tisswe level of organization

In this level of organization, the identical cells group gather to forma
tissue, Scientists think that spenges belong  te this order. in fevel of orean-
iZaliomn.

D-Level of prganized fissnes

Orrganization and mostly the organs are made up of more than one
type of tissues, so it has a function which s more advanced than other types of
tissus. This level of organization starts in flat worms, which has a number of
limited organs like proboseis and reproductive organs.

E=Level af progn spsiam

Ini this bewed, the orpans work 1ogether for i Certain uncrion, reaches
1o the highest level of organization which is organ system, the systems do the
min fumction for the body, ke Blood cireulation, respisation, digestion, and
athers; Organization shows the top level in human which is at the top of the
development pyamid of the organizms:
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Epithelial tissue

Ciliated columnar
EL

i)
1

\ Skeletal muscle:

Figure 4.1 Tissues in human B
basely (For study) Dense connactive -:1r.|_..
' tissua

Concept of embryonic development

Emabrvome devetopmen defmed as formimng the orgamsm Trom one
cell which represented by aygote, until formation completeéd o become a mul-
ti- celtular complicated stroctune, similar to the parents.

Embryology 15 the science which studies the anbryonic development
which mcludes the growth and differentiation and developrment

Druring the process of embryonic development, morphogenesis take place,
which 1= appearance forming of the embryo; the main Sleps of this process
are similar in embryos of all vertebraes. It is necessary 10 point ot that foctis-
ingonly on embryo development i3 insufficient which represents Pre-metamars
phoses in amphibianz, and pre-hatching stage in hirds, ﬂ'li.?- stage of pre-birth
in ermbryonic animals, bot @ continees (o other stages invelves the growth of
the animal in living siages, forexample in embrye of 1he frog afier the organs
[ormation,




| Feritaryonic dervriopment )

A fier the harching, the tadpote doesn’t Took similar 10.the parents; it undergoes the stage
of metamorphosis which includes quick changes in the body. So the tadpoie
with tail which feeds on plants in water changes to asmall Frop which feeds
on meat on the land, Metamorphosis happens an insects oo in the mamimals
the new borais similar 1o the parents, the first step in the growth of
the new born start, so cartilage replaced by bones. and these bones
‘contnue growing for 4 certain tme, also some organs nol perform is funchons
fumctions for a certain time for example ovaries and testes in human.

Dpinions end Theares about Embryonic developrmeent

Embrwimic development has taken scientists and researches attentions singe long
time, and their first guestion was; '

What was the provedure which comlrols forming o wew organism
that i similar @ the parenis?
The scientists were unzble. to explain many: points m the formation of embrvo,
as lumsan creation is the secret of human exisience.

In the follewins there pre congepis gmd theorbes abowt embryology:

1. The Greek philosopher Hippaciates i the 5* century (B.C,) establighed the first:
qualitative notes about embryenic development for chicken, and then followed
him the Greek philosopher Aristotie (350 B.C)who is regarded as the embryology
founder, described embrvonic developiment for the chicken, 8t 50 mesitioned
that the parts of the embrya is formed aceording 1o the egg contents, he relied
an his sight in this description by that he found Deseriptive Embryology -

IWhen the sefentifc method was approved m the explanation of natural
phenomena in the |7 and 18" cenmiry, the science developed including em-
bryalegy, Afier discovering the microscope, the scicntist Be Grasf in {1672
AC) imtroduced a deseription for evarian follicle. The scientist Leeawenhoek
described the sperm in (1677 AC)H the ideas established which had role on the
progress of embeyology,

3, Pre-formation Theary: The supperiers of this theory assumed that there s
A mnimized- embrva inside the exg called Homumonles sl its-parts get big-
wer when stinmalaged by 'Hr.'_mimr liguid, The attilude of dese sciemists was
proved when the scientist Bonnet in (17435 AC) explzained the ability of somie
eges oprow by Farthenogenesis withoul Fertilization in some insecls.

The ether Pre-formation Theory supporters group assumed that there
is hamuncuwlus in‘spermi’s head, so they proved that seen homunculus was
inside sperm’s head by vsine Leewwenhoek microscops.

-
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. Figure 4.2 Homuneulus
Then the scientist Spattanzani explained thar forming new organism inside sperm cell (for stady)
needs male gametes and female gametes.

4, Eplgenesis Theory, this theory assumed that the embryo is made of a gramu-
lar material inside the cgg and it tums gradually into an eimbeyo and this theory
belongs o scientist WolfF,
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5. The scientist Karl Ermst Von Baer set the “Yon Baer Law™, This scientist
pointed out that the general characeristics in the embry o of chordata appear
befare the spevialcharsceristios in the animal of that group, for example the
appearance of notechord in the embryo of chordata before the appearance of
the characeristics which specializes the types which belongs to the chordata
like growing the Feathers in birds.

Yon Baer is one ol the scientists who did o It for embrvology.
He compared the embeyvonic development in different animals: in his soudies
whichmamed as Comparative Embryoelogy.

6. Experimental Theories; these arg the theories depends on having experi-
ments 10 explainembruoine d::l.'e[nruﬁent..iciclitht Roux | 1888) is the first one
wihio did an experiment on e e of froe in (e first cleavage siope by killing
one of the blastomeres by very hot needle. The formed embryo was incomplete
il then the embryology entered into-a stage called Experiméntal Embryol-
Y.

Experimental embryology fed fo discover the Embryvonic Induction
in the thirties of the last century. Which means, the ability of cenain tissue w0
differentiate after réceiving the induction signals which make it ready Tor dif-
t'r:m:ihﬁnr_:, for example the differentiafion of Ectoderm cells after receiving
the induction signals from lower tissues to change the neural plate which
the nervous system forms from it This phenomenon wis discovered by the
seientists Spemann and MHelds Maneakd who did ooy experiments on the
embrvo of frogs, the scientist Spemann got the Mobel prize in {1935 AC) for his
experimenis, and then the scientists started to give a big intrest. to bro-chem-
sty and physical chemistry in their experiments. Then the Experimental Em-
bryolomy ransfered w the level of molecule thea the Moleeular Embryalomy
appeared which explaing the phenomenon of sabryrne devlipment according v
the role of bio chemistry by using special mechines, The Electron Microscope
had special imporiance in that,

It is necessary tomention that incurvent fime that Prafarmation Theory
can be accepted that, all information regarding the sehrwme development atready
determined and carried on the DINA L Also accepiance of Epleenesis theory re-
garding those different organs of embeyvo forms epigenetically gradually,

Main concept of Embryonic development

_ Embryology. doesn’t stop at the end of each stage of formation, but
gontinues Lo the Rext stuge, 1o explam the embrvoloey we divide it as the
Felbowwing:
T-Formeaiion of Sex cells ard Ferafization

This staae includes:

#- Formation of Goenads which are able w form reproductive cells.
b- Producing the reproductive ¢ells when organism reach the sexual maturity.
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e-Liniting of tee ovian amd the sperm by Fertilization and forming the Zygpote. Fer-
tilization is not the end of sexual reproduction b it is the keginning of a chain of
sysrematic and completed changes which produces new individeal belongs 1o
the Same speciss.

2-Cleavage

1t is a chain of frequent mitotic divisions which stant from Zygote and
divides into two cells { Blastomeres) and then into four blastomeres then into
eight blastommeres and by frequent divisions. The eygote changes tnioa hollow
and Dall shaped group of cefls called Blastuka, the thickness of it is one layer
of cetls as in Amphioxus which is from prochordara, er a half=hollkww ball
and the thickmess s many lavers of celfs asin amphibians (frogl, or becomes
group of cetls in shape of blastodise which is sertled on one of the epg's poles
as in hirds and reptiles.

J=Crusirnfution and formation of Germ Layer

This is regulating cells according to Morphogenetic Movements,
w0 the ¢mbrye in this stage s complicated cellular structure called Gastrala
which formsowi germ layers in the embryo of inverebrates and - protochordata,,
Sovthe embryvo is consisting of two loyers: Eotoderm and Mesentoderm, Gas-
trula can he I.rip.l;z laversin other embryos of chovdata and the embryo consists of
Ectoderm and Mesoderm and Endoderm.

f-Differenriation

In this stage the cells would take certain direction in the 1.1|H'I'-':I‘|.;I-L'I-I!'I: of
embryonic development, S0 the cells differentiate in the shape which j= syifa-
ble weith the tyvpe of function it does, a5 nervows cells: Itiransfers the nervous
signals therefore Histologlcal Bifferentiation happens in it which represented
by acheiving the function through axen and dendrites.

S-Organcgenesis

T is the stape of embrvo growth and organiring the cells in
the foem of tissues, and the tissue is in the form of organs that formed through
organ differentiation during embryonic development. So the three germ layers
differentiate 10 four main tvpes of tissues they are Epithelial Tissues, Conne-
tive: Tissues, Muscular Tissues snd Nervoas Tissoes,

G=Stage of Post hatching

It iz the stage which the embryo comes out from the ¢gp, as in most
fralies, all the mﬁnbuam maost of the repiiles, all the birds and some mam-
mals, or by the birth as in some fish, some eepiiles and most mammals, At the
end of this giage the Process of Sexual Motorcity starts which ends up by
sexually mature animals {male and ﬁ:;in'alp} which conjugate and so on.
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Congenital Malformation in a Human
The embryo of human may dispose to congenital malformation. It represents |
the structural fault= as a result of shnormal formation of the embrye organs or
the body system and (Teratology) takes vare of thar.

There are many fnctors cansing the emibry o malformation, this can be
sumrmEEriEed in bwo main zeoups:

I- Genetic factors, mcluding the exceptional of body chromosomes, as in
Dwrw m syadrome which show mallformation in the feature of the Face, mental
disorder and malfonmation in the heart,

2- Environmental factors, includes many factors, the most important ope is
the ellect of rdiation which causes many malformation such as malformation
in e nervons svatem, divect exposure 1o rediation causes congeniial malfor
minatior.

It is passed an o future generation aml also exposure 10 radiation of-
fects the fertility and causes parital or permancnt sterility, this depends on the
dose of radation and exposal pericd-of thime and the age of the person.

Drugs sre one of the factors that cause many embryo malformations
such as malformation in the nervets syster and the skeletal svstem, split lips,
cleft and others. For that reason pregnant women should not take drogs withouot
docior’s permisiicn,

The first weeks of pregmancy i regarded as aentical period of embrya
develepment,

The embeve is connected to the mother by Placenta inside the uter-
s, which helps transferting the food, oxvgen and the other material from the
miker o the-embrvo, so whatever the motheér cats or gets any inféciion or
illneskes it goes to the embrye, So the mother harms the embreyo if she doesin’t
take care of her health, the mother should take care of some issues so the embryo
doas not et affected:

L Touvoid smoking beeause it affects the child™s weight and cavses a decrease
inoxygen levels and raises the carban monoxide level in hoth the mothers and
the embryos blood and the placenta which causes an unhealthy environment
for The emthwyo, Smoking.also canses an increase in miscartiage and premanire
brth or embryva death, the effect of smoking continues bevond the birth of the
baby causing infections in trachea, and asthma and othiers.
2, Reduce taking calfeing in coffee because over tuking it harms the embrye,
I Avoid taJ-;ing.mr: Trerbal medicine withowut dector’s consultation.
4, Adeohol alfects1be embryvo; 11 causes nervous disorder and body malformas-
tion especially in the face, also behaviour disorder, and aleotol cause Fetal
Figure 4.3 5plit lips in human Aleohal Syndrome which appears in European society.
5, Mother should avoid been effected by Tn:;mpl-a.:mnﬁﬁ hecawse this causes a
dangereus malformation o the embrvo, that’s by Cooking the meat very well,
and don’t expose to stonl of cats,
i, Pregrant woman should take Folic Acid during the pregnancy because it re-
duees the malformation in the necvous tube, also she should treat st the disease
such as digbetes, high blood pressure and epilepsy under medical comsaliation.
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It i= possible disgnose the embrvonic malformation for the embryo.
before birth by using Ulira sound Scan and having blood test for the maother 1o
research about the certzin protem levels which have relationship with cavsmg
mal formation, alse 1est the embryonic cells 1o be certain ahout the chromo-
somes by taking a sample of the liquid which is around the embrvo or from the
placents,

Diagrosing the cazés ol malformation s importand, such asm dcaze ol
nod completing maturing the lungs and helps it to do the respiration funetion,
by piving the mother a special drog before g certam Gme of birth, In some ad-
vanced medical centres, they mnay do surgery for the embryo inside the uicras,
10 treat same embrvonic malformation, this method need special study befone
the surgery because it can be dangerous for the embryo.

Multiple Birth anid Twin Formation

Seme Butheri (Placenta) have siruciured adapiation 1o have
pregnancy with more than one emebryo in each preznancy, this is called multi-
ple embryos or multiple births, 5o many eges release from the ovary and after
its fertilization it irmplams o the lining of the uterus in certain desiinies. In hu-
mamn 1he femnale gets pregnant with one embrvo usually ineach pregnancy, and
it the female gets pregnant with more than one embryo then this called Twinz. Figure 4.4 Twins ifor study)

i~ Gl sRaga Typoie

Inrer el mas Famoum drasi

Tvpes ol Pwins

I-Franternal Trvns
Thiz type of twins are forms from two separate cegs
which are released from the ovary at the same time, amd. ol e
ech ome fertilized by & sperm., Frantemal Twins don’t
show stmilarity, and the sex can he similar {211 male or
all female) or can be different.

Saparated membeane ond placentn Lnimhd-ﬂnhmum:l-pm:m

Figuwre 4.5 Franternal twins

{tor study)
2-fdewtical Twimns

ldentical twins are formed from one fartilized egg by one sprerm, and this
fertilized egg divides into two cells; each cell comtimues its growih fo fom
a complete embryo.
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Identical Twins: dré very similar in the shape and sex (either male or
female). The separation of ferilized epg can be wcomplesed, this result in
attached twins in the head arca or chestor the back, these twins are cafled Sia-
mese fwins, The attached fwins can be unegqual 5o one of the twinz 15 srrall and
depend on the cilier one; he fwans i thiz case are called Prrasitic Twins,

/?‘. 2 Cell stage zygote
L/

-

’/
Figure 46 ldenticul twins \}(/

(For study )
A-Mulriple Pwins

BMultiple twins rarcly happens in humans, some women give birth 1o
thrge or four batdes, each fertilized ege Torms a complete embryo. this case
psially happens in women who take treatment with lormanes 1o activate the
ovary o those whao are subjected to the program of test fube habies.
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Extension of hirth perinds

Maother necds at least two vears between each two pregnancy and birth
tiene that's 1o give o chanee for the body e recover from the pregnancy
and birth difficulties. Perieds extension gives the child a chance of a good body
and mental care, also gives the mother ‘s chance of keeping her health, v has
busems foumed that thi children who wens born by time pericd less than two vears
between ane and the otier mostly don't achieve good body and mentally devel-
apmant. That can cause birth of incompiete babies, their weight is less than (2.5
K3 at birth, and they can be miss carried.

Stem Cells

Since discovering the Stem Cells, the scientists are trying W use them in
the treatment of many chronic and difficult diseases, the stem cells are unspe-
cialised cells. have got the sbility tor division amd regeneration and produce
new specialized cells which can repair and replaces the ruined body cells, Stem
cells can be ohtained from many resources: such as the carly stages of embry-
onic déveinpmqnt and the biced of Umbilical Cord, placenta and bane miar-
FOwW,

f:g'ﬁ I::IIIIﬁl:J- calls Figure 4.7 The ability
_ _ - of stem cells 1o printuce different
muscle fiber specialived cells (for study)

neural ceils

Tipes of Stem Cells:
T=Embnyonic Srem Celly )

Thas type of steme cells are basec, it has unfimited division ability and
it hias & Righ ability 10 specialize into diffrent tvpes of celis, it can repair and exchange
the darmuaged cells; when it is transplanted in the eflected organs and can be ob-
taingd from an garly embryonic stages sfter fertilization, because of that it s an
important resource for many of medical achievements.
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2= Adwls stem celly

These cells are fisund with the specialieed -cells im0 the body and s
function includes exchonging and replacing the harmful or dead calls in the
by, bast it differs from embryonic stenyvells as in the Following:

AL Their himited extstence which mokes it difficult to sepaate. from cach other,
B, Their number decreazes as the age passes,

. They can be-abnormal,

Ir. They don’t have the same ability for specializing and division as the embry-
orie stem cells,

J=Uimbiticel Cord Stem Cells _

These cells can be 1aken from the blond of Umbilical cord, it classifies
as anotier type of an adalt stem cetls becgose they are simalar in the stnciure
and the function, slzo their ability 1o resist Treeding condition {19607 in lguid
nEtrogen For many yesrs.

The applications ef stem celly
The imporiant uses of siem cells are the following

I- Determination the causes of unireatable diseases and congenital disordars
which caused by disorder in division and specialization of the cells.

2= Used in overcome the immunity rejection in organ transplant.

3= Used in genetic engineering 10 understand and weat many disgases fn-
cluding genetic discases.

4- Used in éxperiments on drugs 1o know their consequences.

S- Llsed in Coll Therapy for many diseases such-as Alzheimer, Parkinson,
Joint infection and bums,

Nanotechnalogy 15 full and accurate contrel in molecule: size (MNano-
neeter= 10" méter) 1o produce cemain materials through control in molecule re-
action. This technigue has been joined with research of the Stem cells, for the
purpose of understanding how to direct those cells, and controlling its purpose,
and pettmge advantaee of vsing thut in.cell therapy,

Cloning in Animals

Cloning is ene of the asexual reproduction methods in animals. Clon-
ing 35 cconsmically imporant. because through it animals can be produce from
body vells. '

In 1997 Scientist Tan Wilmaot announced that he was able 1o ¢lone a

sheep called Dolly from bedy cells which are taken From an adult sheep, this
was the fiest time they con clone vertebrate ammal,

To achieve his work lan Wilmot amd his stedemrs followed the following steps:

I- Celts wene waken from mammary glands of an adull sheep ot the aze of (G)
thecells were put in ransplant mediz, the ransplant media is adapted o be able
to keep the nieclei of cells senle.

2- The cgg was taken from another sheep, they removed thie nuctei from these
cells.
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3= Process of jomnng berween the donor cell (the cell of mammary gland)
and the cell which the puclens has been removed from by puiting these two
celistopether and exposing thent to an elcetric shock which lead to merge thens
and another electric shock lead 1o the activation of the ege (o stard embryonic
development,

4- The prodisct embrye was transforeed w0 the utenes of another shecp,

- Adber the pregnancy period (five months) was over the sheep Bully gave birth to
exactly simibur sheep 1o the sheep which the body cell was taken from.

= The DA test shioowed that the miecled of sheep’'s dolly celiz wivers the prod-
et of the same donorcell’s nucled.

After that they have acheived the same tesults by tsing cows and rats.

%

wopesdajuy | wopeiedaig
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Figure 4.5 Cloning dolly sheep

! : :M e
: (for studdy)

mammiry gland cell
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Fechnigues te treat the Infertilit

The science could solve many cases of infertility by medical meatment, mosi
af them needs treatment by hormones or by surgery, that’s by using many tech-
nikgees, ey are:

I-Artificinl Fertiltizaiiom

Artificial Fenilization represents the proeess of transferring the spertas
after cleaning and concentrating them in the laboratory into the eggs, this fenti-
lization is used in many cases, they are:

1= Reasons considenng the ovalation or the Falloptan tubes or the hining of the
uteriss m female,

2- Reasons considering the male reproduction system that cause reduction in
the sperms numbers, failure in fertilizing the cog. The studics show that drinking
alcobol and smoking reduces the production and the activity of the sperms,

3- Hormone failure which cffects producing the cggs and the spermis.

4- Exposmg 10 the accidents or having sememedicines or exposing to radiation.

Types af Ariificial Fertilization
1-Ia vive Ferfilization

This tyvpe of fertilization takes place by iﬁjmtin_g_ ihe semen (sperms) of
the busband inside the uterus of the wife, by special tube (Catheter) and to get &
goodd resalt. This operation should be done at the ovulation fime for the woman,
wilhy sivimge her the medicie which activates the owvary,

2= T Fried Ferfilizafion

This kind of fertilization 15 regarded as the most common i the wiorld
fior the cases of infertility, it means fortilizing the egg by the sperm in & teat the
with injecting the hormones which activates the ovary the fertilization takes
place .'-mi;:r taking the eges from the ovary by an ulirasound machine,

Then these eppes replaced in the speoial transplant medis and then the active
sperms adided so fertilization can fake place. This process takes place in @
temperature which s similar to the mother’s body, usually three embryos
transferred (1o guasantee the fertilization) they are in the firgt stipges of cleavage
to the uterus of the mother by a special tube: to implant them into the lining of
fhe utenss with giving the mother some medicines which helps to fix the embevo
in the wutenes.
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The: vesults of this fervilization dre the most successful; because e
best embryo-can be chosen to be ransferred to the mother also i gives ahigh
possibility of pregnancy in one time that's through ransferring more than one
entbryo inside the uterus.

Before starting this processthere are some tests that should bé done
for the cowple which includes blood test. the uterus west, Fallopian tubes test and
sperm fest Also there are many factors which lead to failure of the fertilization
by In vitro fertilization the most important one is the tvpe of sperms and the ega
and their safety. The older mother, hecanse the older qu have less ability 1o
fertilize; this wechnigque 5pn:a|:|:-1 in many 'B-FP:G!BI ‘centres in the world |nclud|ng
the cendres i lrag,

2-Embiryo Freezing

This techmgue s used in In Vilro Fertilization fest fube babies) that
through freczing the exira embrye after cheosing the suitable embryo and
transfer it to the mothers uterus. 5o i can be used later in the fisture iF1he cou-
e would like o have another pregnancy, that's because the program of ferili-
gation by test tube is coonomically costly also needs bealth and psychological
preparation, The embryo can be frozen by a Biquid nitrogen {1 T0E) in a'special
scientific centres,

F-Cocyie Freezime

This techmicqees inclisdes freezing e parts of the ovary which confains
the immature eges in the liquid nitrogen (170} the ate of success is less:
thanin freezing the embrvo, because freezing can affect the chromosomes of
the egg. This technigus belps the woman to keep her Fertility, csp::cmli'l.r those
whiohad been exposed 1o eadiation or chemical treatment or some dlw

L-Sperm Froezing

~ This technique includes freezing the sperms in the liguid nitrogen
(-1THC) the sperms. (semen bank) can be kept in g small plastic tubes or o
special discs 1o he used when needed. So gradoally el il Warm in room
terperature, it has been found that this operation wouldn't affect sperms ferfility.

This technique 13 used in many cases, hke n zome men who suffer
from cancer and they need chemotherapy treatment or the disease of the testicle
cand dhes are exposied o remeve it -alse the men who are exposed o conlinouse
sperms number decreasc.
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Kevrew
0.1 Wrike the suluble seientific term in the following:

L. .........sbility of embryonic cells in the early stages of embryonic development to get the functibnal sbility.
I e ability of a cedain tizsoe for differemiation affer receiving Induction signals enables it for differentiation.
L ot i the science which explains the phenomenon of embryonic development seeording o the role of hio-chem-

~i’31|'_~r' by psing special maching,

Ao cire non-cgual connecied twins, one of them s small and depend on the other one.

5 crrevmeeeens At The full controlling techniques in the molecules by the size of nanometer 1o produce a cerain imaterial
throush comtrothing resctions of molecules.

0.2 Brefine the followings:
Growth, Embryonic development., Morphogenesis, Gastrula, Multiple Twins, Embryonic Stem Cells, Arificial Fertilization,

0.3 Complete these statements with saitable answers,

L. The process af growth takes place byt oo

2. The two scientist who discovered the phenomenon 1:|f Embryonic. Indoction ard:.. i A e
3. The gasirula inthe embryo of invertehrate 15 consist of two layvers are.. ... AN s s e s Bk

4. There are three types of Stem Cells are 2., i Bt e e ;

5 Inithe vear ... e the SCenist ..., un.m‘umtud that T r:u-uh.l clone a sh:ep cutluj ................

A Espbain i justify the follisving Gicts,

1At the cureent time the theory of Pre-formation and Epigenesis Theory can be socepted.
2. The pregnant mother s advised not fo ke medicines without dector’s consultation,

3. Mother needs at Teast two years between each pregniancy and hirth.

g, The success rate ol freddng the epp 1z less than the success rate of fMeering the emboyvo,

L5 Burriund fhe letter which indicates the correel answer:

1. Wha established the descriptive embryology? - Bonnet b-Aristothe c-Hippocrates:  d-De Graal
Z.The scientiss Leewenhock described ihe sperm in the vearT a- 1677 b=1678 ¢-1766 d-T1a87
3. The scientiss who showed !l'l-ﬁ-T formation of sew individual requestz male and Female gametes s

n- Lecwwenhook h-Waift c-Spallanzani d-Von Baer

4. The first scicatist who conducied an experiment on the cgg of (rog in first cleavage slage was:

- Bpesmiann b-Rox +-Wolll d-Spallanzan

5.0ne of the thrym-.i{: development stages which differentiation of fissue takes place:

- Cleavage bGastrulation c-Differemtiotion  d-Orgenogenesis

.6 Compare between:

1. Differentiation stage and Orpanogenesis in the embryonic development
2. Franternal rwins and identical twing, '

3. Embrvenic stem cells and Adelt stem oells,

4. In vive ferfilization-and i vitre fertilization,

2.7 Expludn the Toblowinas:

1. Von Baer law.

2. The applications of stem cells,

3 The steps that the scientist lan Witmot followed in cloning.

4 The cases which the priificial fertifization s used for,

5. The changes and transforms that take place in the stage of Metamaorphesis in frog's tedpale,
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Objectives
1- Know some geneticconcepts in ancient civilizations.
2- Draw the pedigree of a family with genetic disease.
3- Define Mendel's first and second lawsin genetic.
4- Compare between the first and second laws of
Mendel's in genetic.
5- ldentify the seven characters studied by Mendel.
G- Know that dominant and recessive traits either be
pure or hybrid.
7- Explain the concept of Punnet square.
8- Compare between genotype and phenotype.
9- Explain the reason of many phenotypic traitsexistence,
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Introduction and History

Ceenctics s known as beanch of Biology that deals with mherited var-
iations of an organtsm or @ group of organisms, as well a5 how the expression
af genes responsible for those varations.

Crenetics is concerned in the Tollawings:

| Transmission of genche waits from one generation - anather,

T Explain the mobecubar struciure éri'tﬁi_: gerieli-.' rnaterial and know the changes.
happen in their strecture and their varioas applications.
3. Howe the genetic expresston ocours at the phenotypic and molecular level

The first person who named this branch ot science as Genetics wis an
English researcher called Bateson i 19406, There is-a bnef histonicul over-
view of the most mporant genatic studies that helped in the progress of this
science,

L. Firstly the genctic variations for the useful tvpes were selected.. The recog-
nuged churacteristics were Chosen which serve generations, considering gvery-
day life requlrements, capecially n the agnn:ulmrﬂi Freld.

2. Mendel produced a system io comrol heredity qualitics which was not as-
sociated with sex. He published an article in 1866 entitled Expesiments in rian:
bybodizanon. Unforiunaiely none of the scholars of his ke poaid aitention
intil afier 34 vears,

A, The discovery of Mﬁﬁ:i‘i_ experiments | 198) has gone beyond and that
time was called “golden age” for cell Mology. It 15 assumed that chromo-
sonmes are carrer-of penetic traits which vot realized befire,

4. The third guarter of the 20th century was 4 period 10 find solutions for many
questions, DNA which described by the two scientists James Dewey Watson
and Francis Crick in 1953 and molecular struciure of DNA understond,
This. scientific researches showed the way to solve the genetic code

5. Gencticists began to:study ahout the field of bio-technology in the seven-
tics. They were shie to hybnd the DNA of different bvpes in order to find very
effective draps. Al the same time, they seecesd in discovering the genes that
cause most rarg genenical diseases capsed hy a s-jngl_'e gene, Thevefore diagino-
sig method has been developed and they developed tests hofore appearance
of symptoms. In_addition new types of treatments - were invented through the
HENEDC engmesring,

i In 198G the idea :rt'usilng_ D™ A in applied fields has started due to the DNA
have anumber of characteristics, melsding:
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= DA Ias dbaliny 10 b transported Trom one ongamisa o-another by soime
[FAMEPOFECTS such a8 viTses a.nd Plasmids. _

- 1t has abifity to modulate the recipiont cell tunetions.

- It has ability 1o replicate mside a cell naturatly and alse outside, through the

use o7 Polymevase Chain Reaction (PCR)

7. At the beginning of the twenty-first century, especially in year of 2003 the
sequence of nitrogenous bases has been Tully unveibed and it fouwmd that
there were maore than 5.3 bitlion genes of human chromosoames, called the
planete,

8.Genetic research qurrently focuses on Genomics,about how gene expression takes
place in different organisims, whether in parients or in healthy, As well as reserc-
es done for detection of differences that Bas.the prioeity in charscter building
and their differentiation.

Pre Mendel's genetics
Rode of Mesopatamia civilizetion

f-.m:riml civilization in Irag made studies on m!aricﬁc«s-m‘ wheat, rice;
cotton and beans, as well as cattle and horses, during the period between the
sear R~ O0ERC,

These documented through the seals that were found there, For exam-
ple. it was found among those documents & unique message written in cumnel-
formi script about 1360 BC, This bas given an accurate description on how o
teain horses and select the best ones for the race.

Role of Nile Valley Chvilization

Some apphcations of genetics have starmed with the Mile Valley Civi-
lization in vears of SIMHI B, [0 was found with the Phataohs of ancient Egyvps
om the types of wheat with selected quality and abundance of production.

Thee rode of the Greek chvilizanion

The Greek philosophers were interested in clarifving the similarity be-
tween relatives. Hippocrntes (460 - 370 BO) retorred the repetition of certain
human qualities such as Crossed eve and baldness in a certain group of fami-
lkes.

He also noted the spread of certain diseases such as epilepsy and cer-
tain types of blindness in certain families, Greeks discovered the symploms
if some human syndromes such o8 (Dowe’s syndrome). They were also con-
cemed with the structures which provides the natural hody immunity.

A plasmid is & small
DM A molecule that is phyvsically
separile from, and can replicate
independently  of,  chromosoemal
PN A within a cell.
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Figure 5.1 Albino hunman i for
siunedy)

Figuwre 5.2 Example for pe-
digrec. It shows how albinism
passes throuph generations.

Gormplesm 15 e genenc
material transmitted from one gene-
pation {o-another.

The rafe of the Enrapeans before Mende!

The Biologisl seientist Moupértois was oo of the scientizgs who high-
lighted the imporance of human genetics. He collected records of Pedigrees
of the families bt have albinism and analyvsed and predicted probability of
pocumence in he fulure generations- throueh the application of the eory of
prihaaki ity

In the mid-nineteenth century the seientists applied caszes of transmas-
siom oF cerlpin genetis traats m homan, fuch as the eyve color (Brovn £ o)
and body hair golor (THack: & White). incats This was apphied to cattle for
abumdance of hair and fesh,

T e Bre
IREG: KR
XXV K.

Afer miud-nimeleenth cenbury, Augast Wiismann pul forwerd o the-
oy that germplasm is fhe genetic matedial transmitted from one generation
to ancther Basedon the above facts the genetic facts-are regarded as one of
the femiliar since ancient times to the cxtent that it was taken at face value for
erantad, The difference betwesn tndividuals was complicated and no-analvais
of explanation applied o it ot thar time, [nspite of that some biologisie wied
o develop ceriain insighis o-explain the pheromena of the similanties and
differences, but they unfortupately kave been unsble to devise experimental
methed based on a scientific basiz until the coming of the Audtinan researcher
Mendel. Mendel made major assumptions about the transmizsion of gengtic
traits through results of cxperiments on plant Fisum sativum (Pea Plant).

Mendelinn genetics

Giregor Johan Mewdel was ihe first oste who succeeded in the Dis-
covery of the basic principles of genetics, Mendel was born in Awsiria (1822),
Mendel bepan to hold experiments on Pisum safivam m 1856 and has mule-
phe expentments lasted approximately eight vears, Later Mendel presented his
research findings to journal of Nafural History in 1865, Hiz research
were published atter onc vear from the date above, but unfortunately
the resulis of his research remained wnder wraps: tor 2 pertod of 34 yvears from
e date of publhishing as the scholars were precceupied with the theory of Dar-
win (TR0~ TREI) in organicoevolution,
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In the early twentieth century Mendeal hypothesesin genetics were represented
as a result of research done by three different research scientisis who agreed
with Mendel’s principles in genetics. These three scientists, Dutchman *De
Varies', the Geman "Coreens” and the Austrian *Fsehermak’, who were -
terested in stwdying function and behiayiour of chromosomes.

Nome properties of living argonsiing wved in genetios experinnenis

It 1z well known that studics in genctics depend on the design
of experiments and anafyais of resulis, This was for the purpose of extracting
certain hypothesis about how 1o move different qualities. Here are some con-
siderations that need to be taken into sccount when using a particular object for
thie purpose of conducting genetic studies;

k. Short life evcle,
2, High numbsér of offspning
3, Having the possibility to get varations and genetic mutations when orzan-
ismns.are exposed 1o unsuitable environmental conditions such as radiation and
chemicals,
-i Ability ta control fertilization or mating of the crgantsm.

A Easy o b-:eed and maintenance,
{- Ability o produce new siructures az a reault of sexusl reproduction or delw-
ery (Transduction) by viruses,

Figure 5.3 Gregor Johan Men-
el

Plany research conducied on bacteria, fungl and saime plans like garden

pea, vellow com, barley, wheat, squash, omato and snapdragon.
Many {raits in animals as drosophila, mice, chicken. guinea pig and cattle,

as well asin humans,

Application of genetical Models in Mendel Experinenis

The suceess of Mendel in his experiments despite of failure of other scientists
ey be caused by

I. Choscn best model in design and analysis of genetic experiments. Tt is Pisum
sativum which has penetic variation, ability 1o grow ecasily and susceptibility
o hvbridization artificially.

Takle 51 shows (he apmbeyr of eh-
romosomes in the somatic odls for -
ferent kimd of fiving things.

* Male bee {dromne) bas il mamiber
of chramaosames.
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1. Mendel limited his research on one pairl:;-f'tmita.'ur lezs in cach e::q:m‘inmﬁL
3 Keeping accurate records and relied upon in thie statistical analysts of his
EXPOTICNCES,

Figure 5.4 Meodel used art-
ficial eross pollingtion in pea

famts far his experiments (f
:,; ::h;; o his experiments i for Dominant Recessive  F; Generation
. Trait Dominant:Recessive  Ratio

Floser color Purple x Wyhite Th54 1151

Flower position. Axial = Termingl 651.207 141
Séed calar Wellow E G et 6;022:2,0601 301
Sedd thape Round ® Wrinkled SATATB50 25961
¢ &
-
Figure 5.5 Seven palrs of cont- : St T :
rast traits which Mendel wsed v R A o)
in his experiments (for siudy) "—- “
Pod color Graen wo ellow 428152 2821
b T b
Etemn kength Tall w  Dward FERT 2841
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Koty ponelic termiinalogics apd syemills

For the purpose of understanding monc-hybrid cross and the theories
that have been derived from it we have to know number of new tenns used in
s field, namely:

f. Aflete
Different form of mutadon of a gene. One of the different forms of a gene:
that can exist at a single locus.

2 Genes

Ts a sequence of DNA thar has a specific function, for example, tuming the ge-
nctic codeto a protein or controlling the expression of character and can prove
itself throweh contrast allebes.

4. Gene Expression
It is the process of using DNA i'nl'u_;inm'mtim by cells i the manufacturing of a
particular protein.

o Glenmaiype e
1t reffects the composition or structure of the genetic of individual. It expresses
the genetic codes together in a parl:fqu&ar individual.

3 Phenotvpe or phenotppic citegory (1)

It refers to the propertics or observed signs of the organism which is
genetically controlled. For example, stem length and stem shofness in Pisum
sativum plant referred to as expressions of natural information. These are
available in the genetic fectors. By following the principles of dominant and
recessive traits we can tell about phenotype for the individual from the geno-
tvpe. For example TT and T refer o the long stem and i1 refers o the short
leg. When the individual carries genetic factors such as symmetric TT or o it
i said that the individuals are Romogeneous of pure { Homeeyzous), When the
individual carries a peretic model which are not symmetric factors such as T,
itissand that the individual i3 heterogeneous or hybeid (Heteroey gous) (figure
5.4,

The diagram gives an example of crossing between a honrozygous, dominant
trait and & recessive trait as well as modem terminology wsed.

In connection with the genetic factor codes, usually different ways are
wsed. We now mentiodn the symbol for one of Mendelian traits, say the stem
I::n:gth in Pisum sativum. This is given the symbol capital letier (T} in order
o refer 1o the mll stem. The small lemer © refers 1o the short stem trait, which
recessive trait. In this case special symbol is derived from the dominant trait.

To point out & short stem trait, the code is derived from the dominant trait.
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Figure 5.6 Showing the use of some
genviical terms und svmbols
by an example

Tuble $-2 Some genetic codes ased frn crossing amd aivo fn solving the gemefic issies




Menefiylrid Crosy

Thiza genetic hybradization between two individuals and includes 2 pair of oppos-
ing traits, such as aa X AA.Thus it reveals how transmission versions of these
qualifies through the generations ke place.

Evurgrle:
Fow Moneleybeid Creevs Wesde!

The tradl for stem length in Pisum sativam plant is sin example of mo-
no-hybrid cress. When hybnidization between Bisum sativum long stem pure
with similar but short stem happens, all members of the tirst generation {Fi)
were bong stemmed, When conducting self fertiliation ameng the members
af the first generation, Mende! noted that 787 of W64 of second-generation
plants (Fx ) were fomg, while 277 of 1k were short, These figures represent
the approximate mtio 2, 84 1 L This is-about 321, 5o the recessive trait that did
net appear i generation (F: ) but appear in the second generation (Fi ) by 189,

Evidenced by the results of Mondel show tha the results :bn not depend on the
sec This means that the traits are located on the somatic and not sexual chro-
TESORTES,

Usually reciprocal eross is used for the purpose of making sure that
gertuin truil has the gene located om erther the somatic chromosome or sexoal
chromaosomes, or lecated in cveoplasmic onganelles such as mitochondra,

Drefinndtives aof Hewlprocal cross:

Crossing gets between Lwo individuals. one canmyvine i derminant puare
traii and fhe other carries the récessive pure iwail or viee versa,
I the resules in both cases are similar then the gene for that Falls on the somatic
chromosome, 1 the results were different at the opposite type, it means that the
tradt gene logaied on sex chromosome or inthe exioplasm of organglles, This s
Shawn in the Following exatmple on Piswm sativi,

Eovamyule af recipraced orosy in Pivin Sativim;

Al
 aillary fRowers pureplant X @ serminal flowers pure plant
P AA P aa
G A Al
(0084 Ailary ﬂuﬂ;:swujm
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By
& Terminal flowers pureplant X9 Axillary fivwers pure plant
Pl aa AA
. _ Meigsis Division _
Ft 100 axtllary Bowees hybrid plants:

Mendel concluded that traits is located on the somatic chromaosames.
In order to-clarify these results Mendel assumed the existence of a pair of genetic
factors For cach trait. These are the factors that control transmission capacity
from-one generatien to anather, This confinms the success of Mendsl in his
CXPERITCnS,

Mendel s Pastlates

Mendel agreed with results, wlich he obtained in mono hybridization in order
to derive three hypotheses or principles in genctics, as follows;

Lot Pavetors fn Padesy This sibeans thal every train is.carmied by an individual
is controlled by a pair of factors. Dsually the dipleid organism containg one
of three genotypes which determine the trait and they are { AA or Aas or aa).

2 The dowdmant oo récessive feafis; The dominant-and recessive are; when
there are two factors which-are not similar (T1) which are in charge of one trait
imany individual, one of these factors (1) 12 dominant over the recessive trait
{1} However the recessive factoris respansible of showing the recessive frait
when it comes as 4 pair (18).

2. Begrepation daving the foemation of Gameles formation
The two Lactors which are not similar (T split randomty, Soceich gamete will
receive one of these factors in egual propabiliey

—
@

Dupbcation in

Figure 5.7 Law of segragation o L"_ﬁ' i
{first law ol mendel)
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If the individual has a pair of similar factors (1) or {TT) this lcad 10
the fact that all the gametes will receive one factor, After fertilization, the
first gencration individuals (Fi) receive one factor from cach, so the resulting
individuals have a pair of factors, During the self ferilization In the first gen-
eration: (¥ ). each gamete randomlby receives either the dominant factor or the
recessive Tactor. After Tertilization there will be four units for the Tormeation of
the second generation F- at the ratio: Deminant 3: Recessive 1. According to
ihis h:.'mm-éis Mendel set his firse law, which is calbed “Law of Segregation’™,
which states that:

"The paived, génetlc faciors i on fedividua? spllf fromr vock other
wilrere teegametes gree formeds. After It formed i pates agafe derfng feriiliza-
tiom vlen the genetic individuaty gre creaved ',

The Mendel’s fourth postulate, which is called free distribution, con-
siders that lator as part of Mendel's second Law.

“Pornned Sqoare

The genotypes and phenotypes produced by recombined gametes dur-
ing fertilization could be: demonsirated visible am;_[ eagily through the pl,lrmet

- Punmet sqjEare:

Geemetrical shape like chessboard which the male gametes are
placed in iis left and veriically above the gametes, The female gameies are
placed above and horizontally towards the male gametes. In this case you can
see all possibilities of the units male and female as well as knowledge Pheno-
typic and genatypic models and their respective ratios.

Mote each of genotypic ratio { 1:2:1) and phenotypic rafio 1:3 for the second
méembers of sécond hvbridization pereration.(Figure 5.8)

Test Crovs

The aim of this crossing 15 to-dentily the genctype of the individual
which holds dominant unknown purity, [t crossed with another recesaive indi-
viduwal for that truit, 17 all the members were carrying the dominant trait, then
this memiber must be pure in that trait. 1F cither 50% of the members were
dominani and 50%% recessive, that means that the individoal hybeid in oeait,

Thizcan b illustrated as follows;
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Fertilization

Tl fiese Possifuiiy:

[vtien the individual is pure and domanant for the Pisum sativum:

o ."e?%--“!’ﬂlu-ﬂ% plant X @ short stempureplant
2 . : i
Meiosiz

B : t

T

F, = ; S




Fire Nevoned Pessifvidiny:

[When the individual is a hyhrid in the donninast irait

Pl plant long stem hybrid X plant short stem
T Meiogis i

Gl T T:

£

s e -
0% short-stem pure  $0% long-stern hybrid

(pticnal crossing is regarded as part of reciprocal cross.

Back Cross

Itis a cross between hybrid members of the -first generation with a par-
et o with an individust similar o oone of them.

The ouiput crossing with 'Fll.l-.l'l'_' male dominant trait can be scen in this
example;

-:'5"-&'-plmtt-lms-mm4ﬁbﬁﬂ x %ﬂlmmmﬂm

Milatnsis The Law of independent as-
i Tt T i TT soriment states that:
“The soiated puirs of gemne-
.._G'] Tk T T faeters are dixtributed fndepen-
' ! deely from cach otler during go-
Fi Tt -+ TP metnrenesis’,

Bilybrid Cross and Free Diseribaion Mendel s Law

Dribwbrid cross is a hybridization which inchedes a couple of contras!

traits gmww = GLUWW. For example, if the Pisum sativem of pure round yel-
low seeds conjegated with green wrinkhed seeds, then all members FIowill be
ravinel and vellow, This is because the vellow colour is dominant over the green
and round seed iz alzo dommant over the wrinkled secds,
When allowing meémbers of F1 (hybnd trais ) GeWow, for self-fertilization we
find that the seeds of sellomembers F2 appear in aceordance with the approsi-
mate ratio W06 round vellow and 316 wrinkled vellow and 3716 green round
anct 1116 oreen wrinkled.

The Law ol independent. sssorfment and alzo known as Mendel
second law has been developed by Mendel and enhance the fourth hvpothesis

which iz also called a5 free distribution.
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This law requares that any pair of isolated genetic ficlors is independ-
ent from all ather pairs of genetic Tactors. As we know each gameae TECeives
one allele from each pair of genetic factor. Any of the factors or the recipi-
ent alleles, one pair does not affect any other pair. So they following this
procedure. The q:rqmll:r]r. gmn:buﬁ units are constructed made up of all by the
equal repetition, the fure below clarifies the free distribution throughou
the formation of the second generation m:mhl:]_‘s the process of gametcs by the.
sevond generation plants.

In each case of fertilization between members of the first generation
{F1 x FI}; cach egg will have the same probability to necoive one of the four
units from cach parent. In the case of the production of a large number of
members of the descendent, we will get the ratio 976 round yellow, 316 yel-
low wrinkled and 316 green round and 1/16 green wrinkled seeds. This ratio
is ideal hecause it is based on the events of probabilities of eveénis including
segresation, free destribution snd random fertilieation.

Deviation from these ratios can take a place (which is subject ofstrictly coin-
cidence} espectally in the recessive small numbers of traits so the results are
rarely identical with the ideal retio.

P, Emo ENe Em e B
I:i‘l
F

1

Figure 5.4 Dikybrid cross in
Pisum sativom (forsoudy }
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Sefeerive Crossimg for fa Braiiy;

It is possible to apply optional crossing on individaals carmving & cog-
ple of opposite dominant teaits with unknown genetic type (unknownparity J.As
example phenotype of a plant with vellow seeds rounded dominant can pro-
duced by penotype (GGWW, GGWw, GeWW or GeWw),

In the case hyhridization of a plant withround seeds with a pure
plant, green wrinkled seeds, poww (recessive) the analysis of genetically phe-
notype ralio iz esplaimed o figure below,

feverpretativn of the rexailty of Memdel in the fl';,rh.r inf thre ko
edlge of the functions of cliromospmes and genes!

¢ fromesome: This is the installation of composite linear shape of the BNA
molecule, Ribonucleie acid (RN A) and protein, which containg the coded ge-
netic information sequence and can be viewed through the process of cell divi-
siom, The rene isa part of DY A chromosome thal conirols at least i specific
Eenei il

Sinee chromosomes present to be matched in pairs, it iz slso the penes
found in the image of pairs, as Aa For a certain trait and Bhb for anoth-
er trait and whether the individual isa hybrid of these two traits, This, of course

supports the first hyvpothesis of Mendel,

The relmi‘u:rnshp bedween the behaviour of chrompsomes and genes
also through meiosis, esch gamete receives one chromosome from and
‘one of each pa‘ir af identical chromosomes. So when those gametes unite dur-
ing the process of fertilization, the new peneraton receive one gene for
a particular trait of the futher nhii the other from the mother.

between three similar OTgaAnismSE

in phenotype (for study)
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The free distribution of the chromosomes over the oametes during the
meiasis supports the Taw of Free distdbution of Mendel, This is because the
genes being umanached, (Will not be on the sime chromosome), will also be
distribated independently.

A B A b
saperated gengs
Homologos chromesames
A A
¥ - Free dissnbution L,
Wi o B a B
Figure 5.11 Free distribution
of aflefes Mhrowah 2amere for-

i [
it (For stody) b
‘parental allel  reformation of allet
arrangement arrangement

Exgmepde !

Appficariion an Mendal )y Second Law

.ﬂuﬂrﬂmphutﬂ malﬂm-g:ﬂstﬂ' of ehany colour with long wing crossed

with a gray and vestigial winged The first. Eﬂnmtlm IFi } wese gray and long wing,
knowing that genctic factors tor these traits are located on two different chro-

MHSOMEs.

i What is the genatic type for the parents and the members of the first and
second-generation?

b, What isthe phepotypic ratio for the F: members?

¢, Whal are the geneic ratiog for Fo 7

il Shew the ovpe and the pumber of wnits which is possible, between the gam-
etes? Clarify that on the punnet soare.

eeed e s e seliphiom;

Since all members of the frst genertion were leng wing and gray, then

the iongwing (1iis dominant over the vestigial winged (1 Land the gray calour

{F; 15 domtmant over the chony colour @has well s the flv waith fong wing and gray

mzde marst Bave each of these puve raits, Accordimgly genogypes codes o the pasens and
members of the first-and second-generation will be ws folbows:
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* Ebony and long winged X Gray and vestgial winged
Fi I._;l;:.i_E;E__'_ T IIEE

G Le IE
Fi L
1001 gray and long: wing (hybrid )

After helng pollinated for FU the members will be as fallaws:

@ Longand gray hybrid X Gray long wing hybrid.

P2

Wi pemetye e i it P i i i shinc o et

ol Gienotype Batio 1;2:1:2:1:4:2:3:1
i Mumber of possible associations {unit=) between pametds = 16,

Possibilivies in Mendel s genctic experimenss

Frobability: iz the likelihood of the oceurrence of a specific event by an estima-
tion or calculations. It can be expressed as the number of decimal, percentage
ot number of fractional and determined by the following equation:

Number of repetiions for an event

Frntalielnty = Nurnhet of everts
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The rates of phenotypic models and genotypes in generation F2 representing
potential or expected rates to those madels. However, the proportion. of those.
models that are actually obtained from mating may be different from the idesl
ratios.  This can be explained in Mendel’s experiments on seed colour riit, as

in Figure: 3.5,

The number of fhe detniant vellow seeds was 6022 seads, while the number of
green recessive seeds was 200M zeeds, 5o the todal number of seeds was RIS,
Using probabilistic equation can determine the true proportion of the yel-
low: in this kind of hybridization as follows:

HOZT | RIFER = 0. TSN

Buk the rewl rutio for the green sceds is:
ZHbY B2 = 249

To express this percentage rano of the expected probability of the vel-
low seeds is 75%., This can be expressed as a fractional of 3/4, While the ratio
of ihe expected probability of green seeds-is 25%., This can be expressed as
fraction L/4. These numbers can be expressed as ratios 1: 3 represent the same
probability that number represents the fraction 1/4 and 34 respectively, ie. there
are three out-of four opponunities. This means that every lime two hybrid par-
ents produce a new member the probability of carryving the dominant trait is
34, So the probability of carrying recessive trait is 1/4. Referring to the actual
ratios obtained in this example.

Lisually we find a difference between the actual ratios obtained in the
field and the expected ratios. This is due to the experiment, such as its depend-
et om the lack of equal opportunities of gametes at the pollimtion process a5
well az the lack of equal opportunities for individual factor, hybrid {Gig) from
segregation equality over the gametes.

When we are dealing with two froits or more and which are inherited
independently of each other, we can predict all potential duplicates of plweno-
typic types in the second generation, This is done through the application oface
of the product of probabilities. This indicates that when there are two separate

Cevents spontanecusly, then the obtained probabilities of the ocourrences of 115
mermbers.

Post=MNendel oenetics

Affter the discovery of Mendel's experiments in 1900, there was expan-
sion in the study of many traits in different kinds of erganisms for the purpose
of applicability of Mendel™s laws on the genetics of those raits and whether
there are new discoveries.

1t has actually found thar the genetic information which has seen some
traits do wot actually agree with Mendel's expected ratiog. So some- assump-
Hons were given in order to clarify these changes.
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Bearing in mind phenotype for some taits are changeable by different meth-
ods; according to its genetic factors and the environments, Below are some
examples for such kind of traits. They are called deviations m Mendelian rules
in some reférences, -

Properties that Devigte Mendelian vatio 3:1

ir. Incomplete dominanee

Phenotvpe of the hybrid individual i different than the parents. This
takes # compromise between the two types. This is the average between the
two phonotypes for the two pure opposite traits as a result of mived cross
for these two traits. This situation is different from the case of full punty of the
triits studicd by Mendel,

Ancexample of what bappens when the "Seapdragon” plant of red flowers

R'R' is potlinated with a white flower R'R” plant, the first peneration is pink.

flowers B'HE, In g seli-poliination a member of fhe first generation i, thegec-
omid- generation plants would be in the mtic! R'R' 1; R'R*2: RERE 1, white,
pink and red flowers respectively, This is similar to the proportion of genetic
Filio as described below,

Pi— Red? X White o

Gi — RR ,], KK J'

Fi — 100% Pink

2:Pink

1:White
1R
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I Codainirimee

This is the case in which expression of two alleles seen togerher in the
phenotype of the hybrid individual. Neither ona of the traits is dominant or
TCCessIvE.

Example (1 Bivod Sysienr AR, 5, A

Al Blood groups AR, B, A in humans are determined by two factors 1 and [
and these antigens which are available within membrane of the red blood cells.
The genctype of an individual belongs to blood growp AB i 1 1% S0 none of
the alleles 1*, 1% would be dominant over the other. The blood cell AR cany A
and B onits surface: When the parents carry both genetic types 11" get married,
it would be possible 10 get children with phenitype and genomype i the ratio:

) L | o2 gl el
(1 Al A

Exampfe (2} Blood Systenn MY in fovrans

An individoal with a blaod M M has antigen M. While another indivedual with
group NN has antigen M. The individual with o blood MN possesses both the
antigens M and N inthe membrane of red Mood cells. 5o oat parents’ marriage
with the installation of a genetic LML, It would be possible to get children
with phenotype ratio as I"::lllnl'l:l.:ing:

LAEA 2 B M Wl 112

The sign L is used by the scientist “Landsteiner” who discovered the antigens
for these groups. There are two Kinds of molecules “Glycoprotein™

Example (3} Hafr cotonr in some breeds of cottle with short orns

There are twe alleles controlling the hair colour. One is responsible for
the appearance of red colour O and the other is responsible for the emergence
of white €, where € stands Tor any colour and R for Red coloor and W
for the white, When bwo members are crossed, one red and one white hair, all
the members of the first generation will result in “dust” colour, i.e. whitish red,
Careful examination found that this colour is-a mixiure of hair some red, others
white.

When a mating between members of the first peneration takes place, the follow-
ing phenotypic and genetic type ratios were obtained in the second generation:

White T™EY 1 1 DPust cobor C8 CY 2 2 Red CCH 11

i Lalel delfedex

These alleles will cause the affevted nember to suller if the member
carries it. This expression leads todeash of an individual which inherii a pure
dominant in some cases or recessive in other cises.




Example (4} Nickfe - cell Aneemia

This genetic disease 15 caused by recessive mutant allele Hbs affects
the guality of hemoglobin Hb, Tt becomes some Kind of abaormal ivpe (Hemg-
ghobin &), 1t also affects the shape of red blood cells they become seythe shape
instead of the normal disc shape.

Iv iz clear that ihis deadly: allele becomes. a noafti-efective { Flelot ropic ).
The table showing the genotype and phenorype of the offspring resulting from
mating between parents both for scvihe anacmia.

Example (2) Dominaens allele for creeper citicken:

This type of chicken appears if thev: are having allele () together with
ncrmal allele (e The chicken cannot walk nermally hecause of the short and
twisting legs. Individuals pure in this gene (€C) usualty die. Below is an ox-
ample of mating parents of creeping chicken,

P Creepry chickens X g:c'mﬂ Raoster
& 2L Mesy &
a1 Ce Ce
Fi 55 e e e
Dead Crecper Normal ()

Figure 5,12

A) Red bload cells infected by
sickle cell anemin

B Mormal colls{not infected)
{Tor smady)



Chapter - 5 )

Cvatie fibrosis (CF), also known ps
miucoviscidosis, i3 an aufosomal re-
cessive genetic disorder that affects
prost critically the lungs, and also the
pancreas, fver, and fntestine,

Evamyele (3) Dowminane allele for pelfow mice

These are similar to the previous case. When yellow hybrid mice are
mated with each other the result 15, quartér of the véllow embrvos will die,
That is pure in the deadly allele ¥V which leads 1o phenotvpic inodulation
ratio 3: 1 to 23 yellow hybrid: 172 gray. So the yellow mice are always hybwid
and any carrier of the gene is not affected by it. The killing gene is important
in desipming some genctic kests, The following diagram shows mating of bwvo
hwbrid members for this kKind of killing allels.

O Yellow mice hybrid X Yellow miice hybrid
B Yy ! vy
N s ¥y
Yellow die Vellow  Yellow e

Penetrance and Expressivity

Fopeirance Gene: This is the probahility oF an individual inheriiz allele and
posses phenorypc rait which is related to allele. For example recessive allele
that causes exstic fibrosis with complete penetrance of 106%, of pure  imdi-
viduals {ec} have the discase. As well as the dominant allele to acquire extra
fingers (Polydactyl) in the hands or feet is incomplete penemance, This is be-
cause somne individuals whicli inherit this allele have ten normal fingers, while
others have maore than ten,

The expressives It means an allele could produce a heterogenecus range of
phenotypic types, } :

An example of this is pure insect for the recessive gene for the mutation of
eyeless which ives phenotype with various ringes between the existences of
nerrnal eve o partial foss in the eve size inone or both eyes.

Gremeiies ana i emvirammians

Each living organsim hos its own traiis. which are inherited from the par-
ents. [t can he identify phenorypic mraits through the siwdy of the parents and
analvse their genes. However, thiz determination canngt be accuraie hacaise
the genes only determine what could be the trait and not really what will be;
becruse some phenotypic traits depend ongenetics and environmental Factors
and overlap between them, There are number of cases show that the effect
of genes determined by various environmental factors, whether these factors
surroumding. the mother organism and inside her, w clarify this we give the
following examples:
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Exarmple (1)
Crerres responstble of Hre bwvven body ove-affectod by the guality of Iois food

The fat and slim characiers are depend on the genetic bases. Controlling the
bady weight preatly imfluenced by the amount of food and sther Tackors,

Exasiiple (2]
The impact of the envirommental qualite of the food as the gene résponsible
for the colar af far in Bubbies:

Building yeitow fat in rabbits depends on a recessive gene (vy): Maote
that rabbits corrving this gene suffer from a lack of enzymatic and thus become
unable to demolish the vellow colaur which can be found in the carrots and in
other plants. So when those rabbits fed on plants containing the yellow colour,
then this colour will appear in their fal. Tf these rabbits are fed with colourless
plants, then their fat will of course be white although the genc {vy) has not
changed-oly the Food has changed.

Thwe pther rabbits that dornot carry pure gene of yellow fat has the abil-
ity to partition the yellow colour, thus they will have white fat even thowph it
wis fed onoa diet deh in vellow colourn

Orene Fieraciion

This is producing new phenctype by interaction alleles peculior 10 different
genes, There are two Tvpes of inferactions.

L. Gienetic interaction that leads to a change in the expected phenotypic ratic

eg"Epistasis” which is the non-reverse inleraction, such as the availability of

gene imerfering in or preventing another gene expression. The white colour W

“of the fruit in the pumpkins plant (Sqeash), superior to gene with vellow color

of the fruit Y.

When hvbridising white WWYY 1o another green fruit wwyw froit,
the first generation was white fruits. Tn the second generation the white cobor
appeared in the ratio 12 white: 3 yellow: 1 green. This ratio shows that parents
are different in two pairs of genes, The farher white-Truit carries yellow gene
that did not show i1 effect, becanse of ithe presence of white colour gene which
is superior. It iz possible to explain how to get the phenotvpe ratio and the pe-
netic ratio by using punnett square as follows:

A white fruiis plant X Agreen fiuits phnt
i WWYY . wwyy
o Meiasis
Gl Wy it wy
Fl  WwYy
w5 100 White.

If they leave for self cross;
P2 Wwly X Hwlky



Figmre .13 Ditferent colored
pummpkin froits {For sudy )

WWYy
WWYy WWyy Wwy Wwyy
WwYY Ww¥y wwYY: wwYy

[ =wWhite D=‘:’r:]]cm Bl=Green

I, This 18 the penetic imtecference which does nof lead o any changes in the
expecied phenoiypic ramios. However, the mermbers of the first peneration pos-
ses new trait which is not available in the parents: With regard o the second
peneration. they will have two new traits not available in the grandparents.. An
examphe of this cise is the shape of comb in the chicken. The rose shape for the
comb is due to the gene B which is dominant over r for a single comb.

The pea shape of comb in the chicken is because of gene which is
domimant P over gllele p for a single comb oo When rose shaped parents are
mared with a Pea shape, assuming bath are pure, & new fvpe appeat in the firss
generation, known as walnut comb . When the members of Fiare ¢rosied be-
tween cach other, F: shows the new type { Walnut and single) in addition to the
erandparent™s type a5 below:

: Pea Shape ¥ Rase - shape
B aPP. REpp
Meiosis
Gy (P ' Bp
Fi Rifp
Witlnut shape of comp
oo plrghiedype ratie for theé second gestoratioe 1will be:
FZ rrppl : irPP3 REpp 3 : RREFF 2
Sinzle Pen Rase Wil

"1




Mueleipele allvles

This is the availability of altematives or varions alleles for the same
gene, as a result of mutation happened the molecule of { PN A genetic material.
This cause vaciety in the phenotype, and they located the same genctical posi-
Lioae o -a sertain chromosomes, We give some examples Tor muoltiple alleles:

Exumple {: AR spsrem in Hunvins

There are three alleles controlled by the system, which are ', 1" and
1", Aswe are aware that [*.and 1" are  codwminant but both of them is dom-
inant over i . The two allcks 1" and 17 control forming twao different type of
enzyme which results in appearing two differeat molecules of antigens over
the surface of the red Blliod cell. | allele does nor cause acnvarion any tvpe of
en..::..rme so antigen will not pmdu::ed ag aresult, The person which inberits two
alleles of i . hig blood group is O,

Bloed fransfsion

The bload group ABO and RH factor must be known for both the do-  Fable 5.3 Shuws how theee alleles
nor and the recipiant. This is because the red hlood celis of some people ay ¢oald nieet in the form of pairs and
elump clearly and when mixed with samples of other donors. This was disco- Bow 1o pradoce Tfonr tvpes o bloaod
vered by Landstciner in lgﬂﬂ RERRIITHLE

The basis for this clumping is the resulling imteraction between
antgere which is carried by red blood cell surface and what is contained in
the serum of antibodies. Note that the relationships between themeis shown
in the below table,

Antigens are given by the letiers A and B and the antibodies given by
small letters n and b,

Table 54 Shows the antigens and
poibogies gecording o blaod iypes
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Figure 5,14 Shows how the peoefi-
¢s have explain the compatibifity
er the mismatch i the transfer of
Inlgoid groups A B, [Tor siudy

In the light of the above midmation in the given tahle, it would be
pozsible i decide the compartibility oecur between the doner and
the recipient in the transfer of blood groups ABO (incompatibilities) and the
case when there would be apzlutination between them.

B

Agglotinafion not observed. Agslutinstion abserved.

Exumple 2; RH amtigens

This 15 one of the other antigens that show multiple alleles. It was dis-
coversd by two scientist called Landstelner and Weiner in 1940, Ty was given
a great deal of attention and that of their direct emergence of a case of anemia
for some newbhom babies. The disease is called Erythroblastosis Fetalis.
For thiz repson, the blood groups AR and the Bl have wobe esied on the
verge of marrage. This is to exclude the emergence of this dizease in their
children and to take the necessary precautions,

The fetus who has Bht and mother Rh- and their father are Rhb-
can be affecied by this disease. The father passes this allele 1o the feros
because Kh+ is dominant over Bh- so the embryo has become of hybrid
genonype Bheh, This kind of genetic units resalts in compatibility total immmity
between the mather and the ferus .

If blood flow through the placenta which is defective for some genet-
i reasons and entered into the mother’s circulation, the mmune system of
e meother will diagnose Rh-antigens as foreign bodies, son builds antibodies
against them.

In the second pregnancy, these antibodies concentrate m the mother’s
svstem and when they pass through the placenta, of course enter the circularry
system of the ferus and start break-up of red blood cells. As a result this will
cause loss of hemoglobin, causmg apemia Qaundice),

There are ahout 10%% of the populations who have pregnancy with Rh
incompatible. For several reasons, less than 0.5%, in fact produce anacmbs.
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Usually the mwothers with this kind of problem will be given Anti-Rb immedi-
atcly after hirth antimatter’s {Awti-Rin Rb+. These kinds of antibodics destroy
cells of R wype, which has passed to the mother’s blood circulation. So she
is umable 1o produce antibodies for the regipient,

Gienetics Ry syvtem

Preliminary genetic reseanch bed o belel that the human population there 1
only two allefes controlling the presence or absence of antigen. The scientists
assumed thal the allele Rh appoint an antigen on the surface of red blood cells
and behaves as 4 dominant gene. The allele(th) leads to the absence of antigen.

It has been found that #5% of the pﬂ[:rubati-nn af Mew York City contains any
amtigen (Fh+); a1 the same time the remaining 15%: do not contain any antigen,
le (Rh-).

In the city of Baseah, it has been found in 1976 that ¥3% of the sample stiadied
possessed Rh+ and 7% of all was Rh-.

[t hars found that the negative type is less in the Bastern societies per-
haps because of the election against negative alleles, This is due 1o the result of
improvements to the tests necessany to-set the presence of antigen. Tt became
clear that genetics, which controls the Rb antigen. is rather more complicated
tham expected in previons time,

The scicntist Welner supposed later that there is a series of multiple
albeles in a single location for A and that must be mken into aceount for these
variations, On the oiber land the scientist Fishes and Hoce that there wasz some
sor of anosther alermative inheritance - which includes three of the convergent
menes associated with O, 1, F and every one of them inchides two alletes which
have the responsibility of inheriting the Rh factors.

The werm Linkage used w0 describe the genes located on the same chromosome,
which is the first pair of the physical cliromasomes for this group. The student
can follow this table which simplified in problem solving and genetic-related.

Exarmmrle (30 At e Woad geiup K

Man descended his first birth in a family group Ri-+. His father was an
Rhd too, but his mother was with Bh-, This man marted a woman wath Rh,
Bt her father was 1th-. Predict the Mood group B for his children,
Indicate the number of his children who will not be affected by the disease.
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Conclusion:

1. The father of the man with Rli+ and his mother Rh-, so the man is hybrid
Rhrh.
2. The women is Hh+ and her father Bh-, therefore she 15 also a hybnd Bhrek

- = Hﬁ'ﬂﬁ“‘” x ¥ wm
None of the children will be uffected by the disease,

vl () Nerdes of afteles Tn el fur colour

The fur color is a classic example of multiple alleles or multiplier,
where it can be seen the influence of the allele on the phenotypic directly with-
the naked eye, without having to use any lechnigque for explanation. The fur
eolor is controllted by at feast four different alleles, which are (¢%, ¢, o, O},

Mote that the allele () is responsible for the gray colour {agouti ), This
alfiele has the full dominant over all the other three remaining allebes (¢, ¢*, =),
With regard to the allele ¢ in tum is dominant over the two allcles o* ¢*. While
" is dominant over . So the order of dominance For these alleles would be
follows: c*=gtaph= .

Some sources claim that there is incomplete dominance berveen alleles of L
2 and between o and ¢ so when these two alleles meet in the same individu-
al., between ¢ and ¢ and between ©® and o mesulis i light gray colour.




Figure 5.15 Mulafiion causes
the similareffects in differeat
ofganisms,

A) Mutation in mouse

B Wiwtzation in ot

L) Mutation in heman | for
sty |

( Gemetios }-

M rerriaiees

Mutation iz sudden change m succession of nitrogen bases of a gene
or of o molecule of IFNNA; this change 15 associated with appearance of new
phemaivpe and genoiyvpe on the base of the quality of cells, There are mutations
happens in the germ cefls which is represented by the gamctes of organism,
the mutations of reproductive cells don™t effect the organism itself bat it may
translers o his children, There are mutations happens in the somatic cells of
the orpanizm then effects it, for example some tvpes of skin cancer-and blood
cancer in human, this tvpe of mutation doesn’t inherits.

Mutations can he harmiful as in the cagse of wings reduction in Drosoph-
ila melanoeaster, shorten legs in sheep and many of discases and syndromes in
T, or can be lethal which leads to the death of embrvo before birth,

Somme mutations lead o wseful phenotypes for organizm, the organisms
with useful mutation may have better chance for adaptation, reprodwction and
survive, 5o these organisms can be very imporiant economically such as the
mutation which leads to increase the animal and plant production and improve
thie: qualify.

Mutalions can be represented in changes in certain chromosome this
called chromosomal mitation oF inccértain nucleotide this called genetic mota-
tions,

Fresiz € frramiasomnnd maroiroms

Chromosomal mutations divide into two main bvpes:
1 Mutations bevapse of changes in the number of chromosames;

AL Aneuaploidy, in this case there is one missing chromosome or one extra
chiromaosome,

B. Polyplakdy., this is an increase in complete chromosame group so the organ-
izm has triple-chromesone] 3n ).

2, Mlutations beenuse of chanees in struciure of chromaesomes;

A Change in the number of gencs that inclodes deletinn which means losing
part of chromosome.

By Chanpen the order of genes that incledes inversion which is perd of g cer-
tain chromosome breaks and reverses, then unites again with the chromosome
itself and the transition which parnt of a cenain chromosome breaks and wnite
with another not identical chromosome.
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Some chromosome mutations are the toss or gain ol entire chromosomes, The
miutation that gives-a person three copies.of chromwosome 21 results in Dawin
Syndronse. The mutation which provide a certain person by chromosome add-
ed to chromosome pair number 21 is produced from Non-disjunction case this
chromosome doesn’t separate of the other one during meiosis, this leads 1o
that one of the gametes containg an exira chromosome, af the same time. the
other one is missing this chromosome and this case called Bovwn syndeome,

DO U
.@9

OO ®

Sevond: Cemgdic mutalfion incladey fwe fypes:

=P imy BT ey

It is the product mutation from deleting or adding or exchange one nucleotide
with another one which belongs to one genetic Iocation { Locus),

I- Peleting mutation: Tn this one nucleotide will be missing from a certain
gene, Thisdeletion leads o incomect combination for remaining Codons, this
called Frame shift motation which leads to change all the amino-acids which
lescates afier it (A ) This mutation may leads o dang«emus affects mn the fung-
tion of profein.

2- Insertion Mutstion: This 1= to-insert one nucleotide mie a cerlain pene
which miy leads o Prisplace Mutation oo,

3- Substitution Muiation: One nucleotide replaces with snother one (R). I
this Soubstitution happens in a certam codon, the amino-acid changes. There
arg many types-of substitution mutation as follows:

Figure 5,16 Cheomozomal mu-
tations (for sfudyy

Figure 5.17; {21) numbered chro-
masome repeated three times In
down svindrome {Trisomv) (for
atudy]
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Figure 5. 18 Gene mutition

{tor study)
AdIn 8 substitution mutation,
one nuclentide replaces anot-
her, forming 3 mew codon that
muay signal the insertion of the
wrimg aming acid.

B} Deleting & noclestide cau-
ses all subsequent codons o be
imcorrectly read. resulting in o
frame-shift  mutaton, Addin-
g nucleotide shifts the codan
Eroang tedar, and causes misre-
ading,

( Chapier - §

A- Mizsense Mutation.
B- Neutral Mutation.
= Silent Mutation,

- Monsense Mutation,

WAMBAEAEaE 3

-
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Frame ghift mutation

E

2= Daplicade Murafion

This includes affect more than one pair of nitrogen base For the pene,
this happens through repetition of copying part of gene.

Avernige of GOCHEFERCE BT

Maost of organisms have got many genes, so the possibility of occur-
rence of mutation inone of these genes is very big. 1t%s been known the average
of mutation for the one gene in drozophila melanogaster is nearly 100% 107 =0
enge for each 100000 million gene in one generation.

The total average of mutation in these insects is around 1% - 3% The
averape of mutation differs from gene o another in the seme organizm.

This average may increase when an exposure occurs to some Muota:
gens like radiation with high energy such as ultra violet rays and ionic radiation
like %-ravs or some chemicals like nitric acid, metallic salts and formaldehyde.
It is clear that 3 number of known chemical materials can be carcinogenic.

A srti-mrata ey

Because of the problems which mutation causes, the scientist have found re-
cently anfi-mutagens material for some mutations:

1) Bio anti-mutagens: These are stopping factors, it has role within multiply-
ing the DNA or other fuctors which has rele within the operation of repainng
the damags.
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21 Duzs=mingeens: This iz ke Gonding anti=matecial which works dimectiv on
mutagens such-as anfi-oxidation or finding Blocking A gents.

H o penetios

Despite of human genetics regards as the oldest branch of the: practical

[

study the genetics, but this branch developed slowly comparing by the other
branches of genetics, that's becawse of many difficolues which Bacing the re-
searches in this field and thev are as follows:

1- The small stee of the human famidies don’t allow all the possibilities to ap-
pear, 0 it is difficult 1o make sure of the purity of the parents traits, w0 the big
size families are more desirable in the genetic atudies, Tt the number of the
biggrest human families is much less than the right number to put genetic ratios
statistical by testable,

2- The age of one generation singe the birth until it reachis the age of adales-
cence are many years, s following the raits in the next generation takes long
fimee

3= The marriage in hurnan is regarded ag private issue which is im}'m-ss'ihle L3
control it or dircct it a.cct'frdhg'ln the marriages which are controlled by cxper-
IMETIES '

4- Many of human traifs are not controlled by Mendel’s genetics but they arc
controlied by non-Mendel’s genetics such as an zccomparving dominant, in-
complete validity, mierference the generic action, multi genes with an aceu-
niulated affect which is impossible 1o study the effect of each one.individually,

5- Large number of chromosomes in human comparing to the other organisms.
Stndlving the bosan genetic depends on the Following:

a- Maticing appearance or disappearance the traits in the members and the rela-
tives threugh generations by drawing the family tree and collect statistical data
for one famiily and many families with the relation to the studied traiiz.

b- Studying the changes in the genetic lrequencies and the interference with
the environment which iergardain_s imporiant database for sm-gu:aj msdicing.

- D‘EFH!I]dEI.‘IE].I' by modern molecule technigues throwgh knowing the nitrog-
enous bases successions for the pend and Link 1t by the function of that gene.

Prdigrecs
Pedigree iz a diagram shows the producer of a cerain trait’s genetic

thronghout many generations. The squares in this diagram refers to males, the.
circles refers to females,




Figure 5.19 Pedigree show #
disease that ransmitted by a
ressesive gene. (for study)

( Chupter - 5 )

* The square or the dark circle means the presence of the trait or the case with
the person in a cerlain peneration and vice versa for the light colour symbel.
*The horizontal ling which connects the male to the female refers 1o the mar-
riage.

«The vertical line refers to the children which have been armanged from lefi to
right according o the order of the birth disrespect of the sex,

+The Roman numbers refers 1o concession of generations,

The four members in the fifth generation for the sbove pedigree are
called Carriers for the gene, because they have ope necessive allele only. buat
they #re not affected by the disease, but each family of them have the ability 10
transter it to his son and his daughter by concession (from lefi to right).
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frphvervitapee af somp fody reaits and divease obnoralities
i draeseran:

The people who are interested in penetic may know the genetic of some traits
andl the genetic abnonmalities through analysing the pattems of inberitanee,
so anatyvsing the expression about the genes throughout the generations by the
pedigree. The standards of dominant traits which are the responsible pene for
each trait is lecated on body chromosome.

I= The trait tranzfers in male and female by equal requency,
1- The eomsecutive gencrations are infected.
3- Btopping the transfer after the generation which there isn't anv affected one.

Tl steradards of thee receisive draits are e folldwing:
I- The male and female are frequently-affected ot the same level, and the af-

fected myembers can transfer the gene except in the case of death before the age
of adolescence,




2= The raits cin disappear for number of generations,
3= The parents of the affected person are heterozygole or Carmier nfu.'hmse

The effect of genetics 15 not imited to appearance or disappearance of
some traits only, but extends o the function of some ongans and their prepara-
tion to get affecied by certain abnormalities which transfers from the parcnts
tcr the children in an identical form for other traits, example for that poly sacs
in kidney for the dominant pene which causes that and the disease of cystic,
fitrosis for the recassive pene which causas that (1able 5-6).

Table 3.5 Some Traits
| Dominanl, Becessive) in laman,
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Figure 5.0 Some common
geneticnl traifs in homan
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Flrumian Chrimmosames

The chromosomies which arc not directly refated by determination the
sex in human are called Awtosomes and they ane 22 pairs and the remaining pair
as we know it represents the sex chromosome (one pair represents the sex],

Chromaxenes of Wusvan may differcnviarte aeeording to contromers
focation fo the follomadrg fypes: '

a- Metacentric Chromosame; centromers i5 located af il cenire and the lodus
of chromosome at the same size.

b= Submetacentric Chromosomes; centromere 13 closed 1o one of the poles and
locuses are in different sizes.



remethes

¢= Acroceniris Chroamosome; centromers more ckosed o ane of the poles and
Iook as 1" during celf division,

d- Telocentric Chromosomes; centromere located ab omeof the poles.
CERATOTs R

Ak KK

Talaceniric AT apric Submataceniric Mieaceninc Figure 5.21 Types of chromo-

SOTNCS EI‘L'LZI.:lI"i“I'I:_' tey Cemirmmere

O the bases of the length of chromosome and centromens's location,  POSIL0RS

the chromosomes of human can be ordered in 7 groups of Autosomes from. A
- O, and one pair of sexual chromosome either (V) or (XX) O that base 50
the 23 pairs of chromosomes in body cells divides into the following:

1
by
-
g
T
=

ot Rt IR e I ] E

Figure 5.22 Uhromoesomsl 5} 5~
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People who have zot family history ingetting affected by a genetic dis-
case wsually have the genetic examination, especially before having children,
Hrers Pwe dmeTfeoel s fee e mesas

- Method of Amniocentesis:
h- Method of examine of Chorignie villi which are Iocated inthe Lining of

WIS,
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Hf.:.l'u:-r'ug Hre Bymp iy af Some Serreiic disgasey
Thar cun e dowe by many waps:

I. Dier: Thig described for some genetic metabolism diseases such as phenyl
Ketomma.

2. Physiotherapy: This described for cystic fibrozis patients, o the patients
have many sessions which hitting on the back and the chest will be used to get
the aticky mucus from the lungs,

3, Using certain injections for some discases such as insulin injeetion which
are used (o real wrine diabetes and the injection of blood clotling prodein 1o
treat Haemaophilia., - '

4. Using some surgieal operations for the embryo (limited cases) to repsir
some genetic sbnormalities: '

&, Treatment by the gencs, exchanging the gene which suffers problems m
function, that’s by redecing the symploms of disease which the original gene
is responsible for it ) '

Genretie connselling

Many people with & family history of & genetic disease also undergo
genetic counselling, the process of informing a person or couple about their ge-
netic miekeup. Genetic counselling is a form of medical guidance that informs
individuals about problems thar might affect their offspring. By studving the
data fromn genetic screening tests and the family’s pedigree, a genetic counzel-
lor can predict the likelihood that a couple will produce an affected child. For
disenses that have both genetic and environmental mfluenices, such as v|:1.||:E|-:ntl=al
physicians and counsellors can advise families on how o lower risk factors.

The fickds swolich caw e counselfed:

1. Know the range of affecting some members of the family by ong of the ge-
netic diseases.

2. Know what leads to {relative marriage) possible genetic discases.

3, Know the causes of irregular sexual formation or lete sexual matunty.

4, Giive advises in case of frequent miscarriages,

5. Incasze of identifying the father.

i, In case of finding out the danger of medicines and radiation.

Flurrnan Gonodie

After-a half century of discovering the smucture of TFN A, genetic sci-

entists knew the genetie successive or human genome which includes arder of
aboul 3,3 billion pairs of nitrogen’s bases in human chromosomes. Scientists
looking forward 1o know the information which the nucleotides succession will
determing for DNA real terms.
That's by developing mew and important field of biolozy ficlds (Bioinformat-
iea )} which i aiming (o program the computer 0 help o explain and analysis
most of 1N A nuclectides successive and expect genes presence places and the
fumctions which control by it, also comparing between successive of different
nucleotides For DNA.



Maolecule base for genefic

Mendel through his study for many waits in plant of peas concluded
that there are penetic factors controls transferring the traits in the orsanism, bt
whan are these factogs, what its procedure 1o store the genetic mformation and
its ability to solve the vague information which puzzled the scientisis, Later

through their studies and researches could solve some aspecis of that puele:

b insistence of scientists to fnd the solution for one the respiration system s
disepses which was spread i the society in 1928,

fretecrion o By

Seientists depended on three studies definite thar 1IN A §3 the genetic material:
1. Krevet experiments on bacteria, so he explained that there is genetic factor
which did the Tramsformarien; be could ransier the ability of killing berween
types of bacteria eells,

2, The experiments of Avery showed that IINA and not the protein ane respon-
sible of Transformation in hacteria

A The experiments of Mevshey and Chase, these two scientisis in { 1952m)
had a test to know it {the DMNA or the protein is the genetic material which the

virus transfer it of bacteriophages, Can explain this i-.}:-ipeslmm i three sieps::

» Radiation was used 10 distinguish NA from the profein in virus, so tadiated
phosphor { P was used for the DNA and the radiated sulphur {5 was used
for the protein, Afler that the twe scientisis left the vicus: which contains the
radiated phosphor and the one which contains the radiated sulphur individually

BEP i e e ——

* The layers of virus were removed from the cells by cerain processer.

* The viruses were separated from bacteria by wsing Cemirifuge. The result
was all viruses” IINA a little hit of protein interred to bacteria. On that hase it
was concluded that the part of virus which affected bacteria cell and multiply-
ing its DNA not its pratein,

Hﬂm_ Camsugion
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bmcteria! cels

Figure 5.23
Hershey and Chose, had a lest anid
tamchuthed that BPNA s (e genetic
material which the viros transfer
it [ For study )
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Hhe sirnetneve (f DY A

Lintil the yvear 14953 the biology. scientists were proving. the iden of
A s the genetic material b before that time they didn™n kiow the siruciure
of By A, then two scientist Watson and Crick putthe idea for DNA siruciyre;
it is hasically consist of two anti-parallel chains, one of them tums aroumd
the other one ina shape of double spiral and the nitrogenous bases for one of
the chains ¢onmects wilh the bages which: are relate {complementary) in the
opposite chain by hydrogen bonds, also the sugar circles and phosphate growp
in cach of the chains by covalent bomds.

PFeoxyribonucleic ncid (DNA) 8 regarded as a complex chemical
compound. 118 present in-all living organisms and it is important, [1 s present
mainly in the nucleus within the chromospmes which forms from the chro-
mitin retbeulum, and the chromatin material forms from wnits of Noclessome
which is consist of four molecules of histone each one presents in dual case,
DA molecule includes this structure, IPNA also presents insome cytoplasimic
Figure 5.24 Double helix form oreanclles as in mitochomdria and plastds.

of DN AL (For study)

Maolecules of IDMA iz the bigpest bimolecules, as polysaccharides
are consisis of number of units or small molecules which are mona=
Guanine |G) saccharide, the proteins are consist of number of units or smaller molecules
which sre amine acids, so the nucleic. acids are consist of a big number of
frequent building units called Mucle otides.

Fach Npcleofide convisis of tiiree simplest madecales ponmectivgd with
ovrely etleer direcily 1 8 frovar ot to foside ay follevs:

I. Pentase sugar which called Deoxyribose, the molecule form is (C, H| O}

2, Phosphate group; This consisis of an atom of phosphaie (7)1 is connected

by four atoms of oxygen (1), .
Flaure 5.25 A) Structure of nucle- The alternate molecules for phosphate and sugar forms the two sides of TINA
il dhr by chain, so the nucleottdes which are on the way of each chain comnects by cova-

lenit boncks combines between the sugar of one of the nucleotides and phosphate
group for the other nucleatides, The covaldent bond is unites two atoms as a
result of corporation of cach one of them-by an electron. The sugar and phos-
phate are identical in each nucleotde,

A Mitrogenauns Base is a ring compound which containg nitrogen, in addition to
carbon, hydrogen and oxyvgen except adenine which doesn® contain oxygen.
The distince between ench base and another one-is constant,

Tvpes af Nitrogenmay Bases

A-Pyrimidine: (ncledes the following normal bases:

1y Thymine (T) it is available in DN A only.
2y Cviemine (O 0t is available in hith nuicleic acids.

Figure 5.25 B) Structure of nucleo- : ;
¥ Ay Uracil (L) itis available in RN A only.

sariibe 4 Moy sty
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B Parine: inclndes oo bases:

1} Ademine { A) it is gvailable in BNA and BNA L
2 Gnmneme (05 it 15 available in DN A aned RN AL

Fl.l1hll F’flh'f:l'lll
| | I i

Guaning (G) Adenine (A) Cytosine (C) Thymine (T)
g y !
r U
W
b L

The Tinkage of the bases between two chains is not mandom, bat it is _ i o
bounded, 50 adenine in one of the chains always connects with thymine in the  Figure 5.26 Structure of purine
other chain by twe hydrogen bonds, and cyiosine in one of the connects with and pyrimidine nucleotides
groanine in the other chain by three hydrogen bonds. {Tor study )

a.g‘if

In 1949(A.C) the scientist Chargaft ingratiate that the percentage for
Adenine equals the percentage for Thymine, also the percentage for Guanine
equils the percentage for Cytosine in the DA for o varous group of organ-
isms and these pairs of bases are called Complementary Base pairs.

S0 the order of the bases in one chain of the DNA molecule or RNA 15 com-
plementing for the struciure of the bases m the oppoesite chain, For example
the <hain of BINA with order AGAC the apposite chain will be in completing
arder TCT(

Complementary base pairs are important in DN A% structure and function for

W0 FEasns:

1} Because the bonds between the base pairs helps to hold the twa DNA chains.

2} Because of complementary nature for the DNA helps to explain how it is
replication before the cell division.

Exmgie: 1 vou knew the succession of the bases in one of the PN A chains

isi RO GG GAC, How the complementary bases will be in the opposiie.
chain?

Sealmrion:

The succession cfthe given bases is: BCT G1G GAC

The supplement successionwillbe - AGA CAC TG

The above shows the DNA is very important, because it s the i’unning material
for the penes; the suceession of the pnitropen’s bases defermanes the irails of
OrEAnIsms,
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Stracture of RNA and its funciions

Ribonucleic ackd (RN A) is available in the nucleus and in the cyto-
plasm as the case in the nuclei, and m ribosomes and in other structures. This
acid can be the genctic material for some viruses; also it is very important in
protein synthesis and the enzymes. This acid 15 similar to the DN A in chemical
building units, but it differs in limited aspects as the following:

[} BNA contiins ribose sugar © 4 63, instead ol ribose sugar missing vy gren
©, H O which i in DNA,

2} Iﬁ.-i. caﬂmns oitrogen base Lracil instead of the base Th}'mme which is m
IENA,

Iy RMA vzually consiss of one chain not two asin DN A, But some parts of the
RMNA may bends to become binary chain. in that Uracil connects with Adenine
amd Cyiosine connects with Guanine.

43 RNA is short (nearly equals the length of one gene) but he BNA is a huge
molecule contains hundreds or thousands of genes,

) RNA carrics instructions of protein synthesis, but the DNA can give the
instructions only. _

) BN A can hehave as eneyme; but DN A can’t do enzyme function,

RNA Types:

We will mention three types of £NA and all of them are made i nu=
elews of the cell and transferred o cytoplasm, so it has roke in protedn synthesis
and they are;

1) Messenger (mBNAK it is 2 molecule transfer genetic messape. from DINA
which 5 available in the nucleus 1w the ribosemes which 12 available in the
cytoplasin in the cells of eukaryvotes.

2j Ribasamal [fRNA): it is part of the structure of riboseme; it shares with pro-
tein in its formation.

3 Transfer (ERNAY it transfers aming acids to the ribosome for protein synthe-
sis. It was noticed the amino acids connect to this acid (TRNA) before transfer
it 1o the nbosome.

Greeretic Codle and Wessenper BRVA

Crenetic Code points out the succession of nitrogen’s bases in mRNA
iMessenger RNA) so three nearby nucleotides represents Codoens and deter-
mang -an aming acid or poimts to the beginning of Inttiation or o stop the trans-
fation.

Replication af DIVA
The main properdy For the genelic material DNA 53 the ability to repli-

calion in the beginning of each cell division 10 make sure tmRnsferring it 1w the
new celis.
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Replicanion s stepes:

1} Helicuse enzyimes separate the DNA's chain, so these enmymes transfer on
the length of this molecule to open the hydrogen®s bonds between the comple-
ety bases. The product of separation these two chains i area fooks like
the shape of lemer (¥ which is calied replication fork.

2} The enzymes of BNA Poly merase adds completing aucleatides which are.
imside nuclews 10 cach one of the orginal chains and off course the covilent
bonds form between nearby new nucleotides, also the hydrogen®s bonds forms
Petween e complenentary bases wihith are on the original and new chains

Motice the direction of the arrows in this figure at replication fork thar building
the IINA |5 10 uppu'aih‘: direetion in cach chain this leads to make holes in the
chain which is forming recently, but these holes get connected in between them
by-an enzyme called DINA Ligase.

3) bN A Palymergse eruovmes ends the rephcation and then separate from it
and produces two separsted molecules noeach chom, one of them is original
and the other one new, so this kind of replication called Semi-Conseivative
Heplication,

 Phe replication iz carefully done, so one mutation can bappen for each
wng billion of added basas pairs, the reason s the presence of DN A polyimerase
enzyrmes which mostly repairs the misiake.

DNA polmerass Ciginal (bemplpte) DMA strand

Figure 5.27 Stages of DN A
replication (Tor sfudy}




DNA and iss ability to Transeript the RNA

Transcription i5 the building operation of RNA by using one chain of
IYNA as template, Transeription is regarded as the first stage of protein syn-
thests, the steps of transcription as follows:

I- BRNA polymerase engyme which is the ereyme that sumulates producing
RNA from the BN A emplate connects in Promaoter situation that leads w untie
the wrapped DNA chaims and their separation,

2- RMA polymerase enzyme adds RNA free nucleotides to the nucleotides
which are in one of the DN A chains and it produces-a new RNA chain. As the
case in DN A replication so the pairs of complementary bases determines nu-
cleotides suecession in RNA which is made recently,

For example;
If the seecession of the bases in DN A chain is: C A G O T A sothe succession
of bases in RNA cham will be as the following:

Suvccession of the bases in DNA chain CAG CTA
Succession of the bascs in RNAchain GUC AL

Figure 5.28 It shows the stages -After BNA polymerase enzymes have lefi the area of gene which had been

of production of amine acids transcrap, the DINA chains wrap again,

from genes. Each three nucle-

A - N e BN, ves ng st i '
e Dl = il et L 3- After RNA polymerase enzyme amives to the ending signal it releases now

codon nsed to produce an SR ol cilement bypes,
R The product RNA may perform its fumétion in the cell. The enryme can tran-
amino acid, (for study) > :
' script amother gene,

#
2

”

Threonine

%
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A Franslarian for proferm S niiesis

Translation is regarded as a step in protein symhesis and it happens in
the ribosomes and codons have been used in mRN A molecule for the determi-
nation of aming acids succession in pelypeptides chain and include three main

steps:

I nitiation Stage: (RNA conmects with mR™ A and two building units for the n-
bosome with each other. Certain enzymes connects the amine acid methionine
at one of the tENA sides aceording o inttiations codon AUG in the mENA
which couples with anti-codon UAC on the sher end for tRMA, The aming
acid methionine is regarded as the first nearly in all polypeptides but it may
disappear later.

1) Elongation Stagre: In this stage the chain of pobypeptides form, the anti-codon in
TEMNA which carries the: suntable amino scid couphes wath the second codon 1n
mRN A, follows the separation of methionine from the fiest TRNA wnder the
actipn of ribnsome. Then a peptides bond forms between methionine and the
2econd amine acid, Also the first IRNA beaves the ribosome and the rbasome
moves [prward alongside with the molecule oPmRNA one codons distance,

¥ Termination Sage: When the ribosome arrives o the stopping codon like (UGA
ar LLAG or UAAon the mRMNA this leads to separation.of polypeptides chain
which was fommed from last tRNA and a release happens in the eytoplasm with
leaving kst (RN A for the ribosome, also the two bailding units for the ribo-
some separates from cach other and the ribosome moves away from mRNA,

Translation of mRNA doesn't get completed only after the wranserip-
tion which was mentioned before 15 ended, this is 1v eukanyotic:

In prokaryotic that don't have nucleic membrane separates its mucle-
ic acid (BNA) from ribosomes which is present in the cytoplasm, so it can
start the wranslation before the wanscripiion ends. A new ribosaine can sTart
the ranslation of mBN A in case the previous one retires, therefore many ribo-
somes may translate the same copy of mBENA, and this kind of translation is
colbed polvsomie,

Stenerure gnd funciion of protein;

The shape of protein hag a big influence on its function. Each protein
comsists of one or more polypeptides, which are chains of amino acids and is
connected by peptide bonds, Thene are {20) different amino acids in the protein
of orzanisms. The chain of polypeptides consists of hundreds or thousands of
the (20) different amine acids which are ordered according w special succes-
sion which gived three dimensions strecture Tor the protein.

——Codon n mRHA

+Anticodon
n RNA

Amino acid

Figure 5.29 A typheal type of
IRMNA (for siudy)
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Crenetic Engincering

It is the techniques uf changing the genetic structure for the living cells
or the individuals through removing some genes or hybrid a new molecule of
[XMA or altering it to-enable the eell or the organism to gain the desirable trais.
The tollowing are main needs for the technigue of genetic enginesring:

I. A method of cutting down the molecules of BN A which carnies the reguired
eene W transfer by oneof the restricion enoymes,

1. A suitable carrier which carries the new piece of DNA, This lake place
throtgh it's umite with BNA comrier with the help of DMNA Ligase endvme, 50
the hybrid picee (rBN A) marked by its ability (o replication inside the recipient
cell.

2. A method to enter the hybrid piece of [rDN A} including the carrier piece for
the gene that is g_n:rjng i B transferved to the recipient call.

4. A method of finding the recipient eell and its generations which carey the
desirable hyhrid piece and separate it Trom the rest of colonies members who
doesn’t contain that piece.
The follmiing is i summiaey of some of these seeds:
f. Restriction enzymes:

These are bacterial pédteins which are used to know the certain succes-

sion of nitrogen bases for the DN A molecule and it's cutting down. Also thicse
enzymes bregk the internal phosphate bomds for the DINAL

Resiricion gnzymes

¢ AATTC MRy ]_DH.A fragment
Figure 5.30 It shows the activi- 'E_III':E;{ & < e o Bl
ries of restriction enzyvmeiEco enet l
R1) (Far study) D — % 5 i 4 ar Q}TTE
FOOETTARL G CTTAAIS
Recombinant DA
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2. The carrier;

The carrier has a main role in this technigue and they ane the following:

First: Bacteriophuge: Phages are simple structured viruses which affect the
bacteria or remains ingctive. [ contains simzle or double DNA strips or 18 may
contain single RNA. An example for this is the phage limbda.

Second: Plasmid: Itis a small circular from the additional DMA molecule
which is present in many- bectena,

- It carries a small number of genes which are responsible for some traits like
Bacterial resistance for the antibionic,

- It replicates itself independently from the bacterial chromosome,

= 11 ¢an be transferred from one bacterium (o another and For many orgomisms
such as veast, funges and insects,

A The Probe anid finding the desivable gene

Probee 15 the molecule of INA or BRNA which is moao- chain and i is
marked by radicactive phosphos and complement for the DMA desisable suc-
cession-and i s required to find i, a5 a result of connection between the probe
with complementary IINA piece will formy a double radioactive spiral,

Ag for the insulin gene given in the probe is regarded as the RNA
for this gene, Usually the specialists transfer the DNA from the re-structured
bacteria o filter paper for the purpose to find out i the bacteria contains the
desirable pene, when the hacteria is viewed under ultra vielet rays or when it
is exposed to photographic film, the clones cells which carries desirable TN A
and is distinguished by the probe stuck to it and it will become light and shiny.

Cettrnettic pregeticeys

1. Dretermine the succession of complete nucleotides (Human genome) to know
the genctic map,

2, Tts used in justice field.

3. Its used in the field of following the human immigration and some ather or-
aanisms from its environments especially the ones theeatened by extinction,

4. Producing human imsulin hormone, protein interteron matenal, clotting fac-
fors number (8), blood protein and different vaccinations.

3. Transferring the trait of nitrogen fixation to other types of bacteria.

#. Transferring the trait of root nodubes formation in the beans plant to other plants:
which are economically mportant.

7. Developing researches of using the bacteria mn research feld about presence
and purification and concentration of the minerals in the soil. _

. Developing the ability of microorganisms o limit some danpers of porllu-
tion.

W, Applving selection svstems in martiage of disdains of cows, sheep, horse,
chicken, fish and ethers,

1, Applying genetic concepds such as artificial selection and hybridization and
regular birth o produce useful plants for humans in big amounts, also taking
ihe advaniage of twin's phenomenan in cows and sheep o produce useful an-
imnals,




Human cell

Plasmid
Bacteria Restriction enzyme

Cut DA with restriclion
il gmm enzyme
restnction enzyme oo oy . fo
Sticky ends —__ggee ——Human gene for
oy insulin
\ ! hind tha DiNAs and fain
them togatoer with CMNA

Insact necombingnt
l gelasrtied Indo haclesum

Recombinat

Figure 531 The ahility of pru!:lm.'il':,g _h].mmn Batania abie 1o produce:
insulin by imducing bacteria eells i for sy ) hirnan |hsin
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Roevien
iy Define the followine: .
Genetics, Monohybrid Cross, Heterozygous, Mendel's first law, Restriction Enzymies, Probe, tRNA, Lethal alleles
(223 Mention the properties of the scientist Mendel which made him fomows in genetics.,

(3 Mention some scientisis wha comiributed in the progress of genetics with pointing our their best achievements,

24y What is the meaning of Phenotype (P} and Genotype (0} and give some examples.

©25) The plant of pess with red fower was crossed by another one with white flower, all the product plants where red
flowered plants and o vou ferrilire one of the first peneration individeal with one of the parents, what are the Phenotvpe
and ‘Genotype for the indrviduals ol second generation, and what s the tvpe ol cross i this case?

Q6 Guinean pig with rough, black hair was crossed by a temale with rough, white hair, they had a number of births
a5 the foliowing: 3/8 rough black, 3/8 rough whire, 1/8 smooth black, 1/8 smooth white: what are the genodypes for the
parents and the product individuals? The traits of the rough hair and the black colour are dominant.

278 In vellow mice (Yv) the Allebe (Y} will be lechal, when iﬁter-murs:e takes place hetween thase, all the pure yvel-
low colored individuals die. Explain the phenotype tor all live individuals onty.

Q%) an intercorse took place between Mexican dogs with nommal hair by another one with ne hair, half of the first gen-
eration individuals were with normal hair and the other half with no hair, when inrercours ok place between dops with
mo haur, the individuals of prodoect ceneration where as follows: |4 normal bair, 12 with no hair, 14 with mo-haie deasd.
Explain this result with tryimg essential ¢ross,

U9 In Drosophita melanogasier the intercourse of (nomeal wings % obtuse wings) gives individuals as: 1 with normal
wings {folded wings), also the (obtuse wings x normal wings) gives individuals as: 1 with obtuse wings: 1
with normal wings. How do you explain these resuliz 1e: The obluse wimgs are dominant trait.

Q10 Mention the properties of the used animals in genetic experiments?
171} What are the Phenotypes and Genotvpes for the blood groups for the children of each couple?

AXrlE X M= By™M™ X 1
C) Hybrid man A X pure woman B, D) Man Rhe X woman Rh-,

20 A man with blood group A got married with a woman with blood group B, Rh is positive for both, they had two
children ome of thern with bloed group O- and the ofher ane with blood group. A+, what are the Genatvpes for the parents
and the children?

(203 In which cases is the ferwskife in danger. with explaining the reason, when the embryo is with Rh+:
A When the man 15 Bh- and the woman 15 Bh+.
B) When the man is Rh+ and the woman is Rh-,

14 Mention the rensons of biood transfusion foilure i some cases?

(151 Explain the following:

1. The people with blood group () are described as general donors,

2, When crossing ereeping cock with creeping chicken, the quarter of the producy wias dead,

3. Appearance of dusty individuals when crossing female sheep (short homs, red hair) with male sheep white hair.
4. Monpolian is regarded as chromosome mutation.
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3160 A plant with long stem, how can you know about of the purity of the Fﬁ:lminum traif in it?
OETY Is it possible and why?
1. Having a child blood group (O} From mother {Band father { AB).

2. Blood Transfusion from any person to ancther one who is same bload group.
3. Finding unfimitzd number of Allcles for cach genc.

QI8) Write the responsible Gene about:
L.Chinchilla rabbit 2. Sickle-cell anzemia.

(319 Mention the difficulties which the scientists faces when doing genetic experiments on uman.
2 Mention the steps which the techiigues of Genelic Enginecring include.

(121 Explain by drawing the method of transferring insulin gene in the human to bacteria and obtaining a hybrid
pene [ Beformed),

22} Compare between the molecules of DNA in each of the Nucleus and the cytoplasm,
)13} Do the functions of some senes be affected by the environmental circumstances? Explain by giving an example.
Q241 What is the relation between the plasmid and ihe rNA?

€} I5) The following symbals represent suceession-of Nucleotides in the DNA melecule, TAC GGT CTC AGC

. What is the succession of copy of mENA produced from the above succession?
2. What are the Anti-Codens in tRNA which is linked to the copy of mRNA as above?

(3.26) probe iz regarded as a chain for DN A or RNA mono tecopnized by mdiated material or by Rorescent color, How
do the gensfic scientists use it to determine the location of TDNAT




