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FACE

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
Jollowing: 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- Numerate 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.



Figure 1.1 Simple microscope
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Figure 1.2 Types of tissues (lor
study)
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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:

1. The cell was not known when the German scientist Antuine YVan Lecowen-
hwek { 1652 - [723) invented the microscope; he could be the first who saw
the cell.

2. The English scientist Holwri Hooke {1635 - [ 703) 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.

3. The Scottish scientist Habwrt Hiaw i discovered the nucleus of the cell in
1831 and described it.

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

5. The German scientist Thesdar 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.

{_ell Theory

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

1 u- All organisms are made of cell or cells.

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

Cell Size

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.
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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.
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Figure 1.3 Sizes of living organisms
and their components {forstody)

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 Muelewid.

b. Prokaryotic cell cytoplasm has no membranous organelles like Golgi bodies
and mitochondria,lt 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.

“e=-Cytoplasm

Nucleoid

lasma
membrane

Flagella

A+
Figure 1.4 Structure of hacteria
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c. Prokaryotic cell is represented by llue grecn aleae, bacteria and Myen-
plasma which all belong to kingdom Munera,

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 plusma membrane (it is a semi — fluid
membrane) surrounds the cytoplasm, which contains the muchenidl. 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 covering - Cell wall
- Plasma membrane

Cytoplasm -Nucleoid
- Ribosome

Suffixes - Flagella
- Fimbriae
- Sex pili

Eukaryotic Cell

This cell has true nucleus, found in Frutists, 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.

Euharporic colly eomsist of three mrajor comporents)

a- Cell wall In plant cell wnd Plasma Membring in both plant and animal cell.
b= Cytoplasm
- Mucleus
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Figure 1.5 Structure of a typical plant cell
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Flgure 1.6 Structure of o typical anbmal eell

el Wall ond Plasma Memibrane

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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el walf ks three fayers:

-Middle Lamella - Primary Wall - Secondary Wall

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

B- Plivcmiii Memibrie;

[t is a cellular membrane surrounding the cytoplasm in prokaryotic
Rememiher! 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 phusphalipids with hvdrophilic 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.

"000 Transporting materials
(¢
Hydrophilic Extracellular Phospholipids
head -
Hydrophobic

tail Plasma membrane

2
Figure 1.7 Structure of plasma
membrane Protein
channal

Carrier proteins

For your inlfermation -

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 Compaonenis of Cytopfasm
I- Endduplasmic Reficulum

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 “Entloplasmic” because
of branches and interlocks with each other. Endoplasmic reticulum is divided
into two types:
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A« Rough Endeplasmic Reticalum (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.

- Smooth Endnplasmic 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 are 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 hormaones, adrenal glands. They secrete sturnld
ormonmes,

Figure 1.5 Smooth and rough
endoplasmic reficulum

Ribosome ——. Nuclear envelope

.

Rough .
: endoplasmic {for 5'““1! ]
el reticulum
Smooth
- endoplasmlc
reticulum
|
erfird transportin _
-L Gﬂ!jﬂ -IFFHF""HI. VeSiC c & SecretOrY
"\ | vesicles

[t 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 eistermar, the second is vesicles and the
third is large vacuoles. Golgi apparatus has no ribosome.

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

Fiv gardemad eelfl {'}'-rl.il[.u' TR My praenharr onf Froveeifons: ]‘.ir_;l.l re 1.9 Stroctore of 'Liul]-;i
apparatus {Tor 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.

I- Miioehorcfrica

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 type of cells. Mitochondria are surrounded by double layer membrane. The in-
ner layer has curves and folds of different shapes and directions, tops of these
curves and bends are directed towards mitochondria cavity. These structures are called
Cristae. They increase surface area of the inner layer.

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

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.

inner outer
membrane membrane

Figurel L Structure of mito-

chondria: (A) For memorizin
() lor spidy

d- Plaxricis

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 faramum (pl. TirFanm) 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.

Thvlakekd 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

membrane

i

Outer

' e ' _/nembrane

—

=

Thylakoid Stroma
Gorfa &iﬂéi?gg _ Lumen Thylakoid
Thylakoid Lamella (inside of thylakoid) space

- - ] -
[ A Tor memanting (B): for study

Figure 111 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 plisgucy tusis, such as neutrophils.

Lysinestes fave severad functions fn the cell;

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

2. Lysosomes play a vital role in animal melamurphusis, 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 Autolysis.
This process lyses bodies of living organisms after death.

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

4. They recycle elements in nature through autolysis.
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digestive
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Figure 112 Lysosome (00dpartices

endocytosis \ food vacuole

fi- Cvioskeleton

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.

Microtubules are major elements in o= icrafilimen

formation of cilium, flagella and
centrosomes. 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.

=M rorihenles

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 ilium and flapgella. 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 cenirinies, 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
Figure 1.13 Centrosame not found in plant cell, yet, there is a centre for creating microtubules and micro

(For study) filaments.

Microtubules u[

Centrosome
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H- Kimerasome

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.

F]age]]um

outer microtubules doublets

central microtubules

bOdy O{: ﬂage]]um

cross section
of ﬂagella

triplet microtubules prasma
e membrane

g 4

cross section of basal body Fieure 1. 14 Structure of
8- Firewolex Kinetosome {Tor study)

They are membranous sacks that exist in cell cytoplasm and vacuoles
in some protista, whereby it is represented by cuniractile vacuules which
drain cells from surplus water and dissolved waste such asamuha and
paramecium. There are also lemparary food vacusles 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 | ere are 3 Kinids af vacoales:
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
materials known as Cell Sap.

- Contractile vacuole
= Temporary food vacuole
- Storage vacuole

."r'u.rr-ﬁ'w:rrg e i ;.ll.F'i'.fn' it

They are temporily contents in cytoplasm called extoplasmic dipus-
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 glyengen as in liver cells.

3. Proteins stored in glandular cells in the form of secretory pranules, 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.
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Most cells are mono-nuclear cell. In
some cases, the cell can be di-nuc-
lear like cartilage cells, liver cells
and neuron cells.

Sister
chromatids

Centromere

e .
Figure 1,15 Structure of
chromosome
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Nucleus

The nucleus 1s 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.
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
mucous cells. The nucleus consists of the following components:

f. Nuciear Membhrune or Envelape

It 1s 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.

2. Nueleoplasm

It is colourless gelatinous liquid fills the nucleus where the nuclear con-
tents are distributed. These contents include nucleolus and chromatin network.

A, Nureleofus

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.

& Chrmmeaiin Nedvivork

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 ehramupsames; 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, &il chromosomes in pigeon and 64 chromosomes in horse. As for humans,
they have 4ii chromosomes.
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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.

Comparicon herween Awmimal and Flans Celis

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 I-2: A comparison befween Auinral and plamt 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.

There are chloroplasts
associated with photos-

No plastids

2 Plastids ynthesis; some are Leu-
coplasts, white plastids
and colored plastids.
No Centrioles, with the | Centrioles exist in many
8 |- Pemrn ke ;T:;F?é’“r; of some primitive ?mimal (.:e!ls', has a role
in cell division.
Vacuoles are few in|There are many vacuo-
plant cells, large. Vacu- | les in animal cell, small
4 | Vacuoles oles occupy the whole | in size, spread in the
size of adult cell. cytoplasm.
During cell division, the | During cell division, the
cellular plate is created. | cytoplasm bends from
This plate grows from [the outside and moves
5 Cell Division the center outward; it is | inside.

generated by cell pro-
toplast.

Cell activities

Cells, whether plant or animal, achieve many activities, these activities
can be summarized as follows:
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Firse: Exceliunge of miatorfaly tirough wwenbeanes;

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:

F-Diffusion

Diffusion is defined as movemesd of o and particles Tn @ certafn
serwdliainne, frovmn igh concentration regions to low conceniration regions,

As a rule, gases like (3, and €77}, materials soluble in fats like hydrocariinns
and ulcahols are the soluble that can spread through bio- membranes (cell mem-
branes) freely. This can be observed by the naked eye when capper 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.

. i
Figure 1.17: dilTusion process Water

molecules

(solvent) \E
-

Dye

molecules
(solute)

2-Permeability

[t 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.

Permeabibliiv is exchange

of materials between the cell and its
environment.

All food materials should

have certain solubility in water to
pass this membrane.

Geemerally, mencfranes wee clossfied wecordlug to porieabiling o

I, Permeable membranes: These membranes allow passage of materials re-
gardless of their structure and size.

L Seml - permeshle membranes: These membranes do not allow equal pas-
sage of solutes as level of solvents.

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

A Noo-permeable membranes: Like nylon. It must be noted that permeabili-
ty of plasma membrane is affected by internal and external factors.
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I i defirved as mavement of waler particles teeough semi permeahle

membrane (plavesg membrane) soeording fo variuanee (0 concentra-
Hnie. 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 hivelrasiatic presswre. 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:

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

Distilled water__,
Funnel —

Semi-permeable.
membrane

i & .
Fleure LIE (smosis mechanism

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

b Hypotonic Solatfen: 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 ruptute.

©. Hyperionic 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 plasmulvxis, 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 deplusmolvuis,

.~ Cell membrane

Animal cell

Isotonic solution Hypotonic solution Hypertonic solution

Plant cell
ell wall

Central Nucleus

vacnole Plasma

membrane

Plastid

*
Figure 119 Osmaosis in plam
and animal cell

©




( Chapter- 1  —

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.

Active diffusion on a cell membrane Passive diffusion on a cell membrane
i 2 ™ ™ l. L
H a B L] < 5 L] ; :‘ ™ L] ¥ u a & "
lons e @ = P

Inside of Cell

*
Fizure 1,20 Active transport

S-Phagocylosis

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.

fi- Pivtorcytonsis

[t is similar to phagocytosis. When a liquid material is taken, there will
be a small invagination in cell membrane, this hole surrounds the liquid matter, and
becomes inside a pinoeytie vesicle. This vesicle separates from cell membrane
and moves inside the cell.

7= Bxovytosis
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: Cefl Metobolfvam

Cell metabolism is represented by all the chemical changes, which take place
with the help of enzymes. These changes are catabolism which means;degradation
of materials and amabilim which means building new compounds. Anabolism usually
consumes energy, while catabolism releases energy, for example, Glucose par-

ticle anabolised from €'(¥ + H (¥ needs energy. Green plants obtain this energy
: . membrane

- Food Vacuole

from the sun. While catabolism of glucose particle in respiration releases the
energy required by the living organism in many activities.

i~ Respiriifion
Glucose is the primary respiratory material; it undergoes a series of reactions

to transform into two molecules of Pyruvic Acid during a process called glye-
olysis. This process is performed in cell cytoplasm because there are enzymes.

Celyeadyses i soummmarized ax faflows;

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

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

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

=

4. Fructose 1.6 bi-phosphate molecule (6C) splits into two glyceraldehyde 3-phosph-
-ate molecules, because of this fission (split). 5 .
TPinocyioses

5. Each Glyceraldehyde 3- phosphate molecule is changed into pyruvic acid RS spyins,

: oo :1-

(i.e. becomes two pyruvic acid molecules). Although, four ATP molecules re- [y | 1] 1 Plhagoeyiosis

sult from this transformation, two of them are consumed in phosphorylation, pﬁ]qm-.r- -

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 Pvruvie seld turns into
(Awety | o= A) which reacts in a cycle called as Kreli's v ele in cell mitochon-
dria. Below is a description of weralile and amuerahie respiration reactions:

Flrse: dmaveablc Respiration: 1t includes:

ir. Afeafialie Fermenration:

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
alcohol, as in the following equation:




C6H1206

Glucose

Glycolysis
—_—>

o

0 0

I Oxidation Il
2 CH, -C-COOH 2CH,-C-H
: By extracting

Pyruvic acid Acétaldehyde
2€0,

Reduction by hydrogen
2 (2H) from glycolysis

2ATP + 2CH,CH,OH
Ethyl alcohol

b, Laetic 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

(1
H, O, 2CH, - C- COOH
lucose Pyruvic acid

OH

I
FATP - 2CH -TH - COIODH
Lactl"c acid

Reduction by hydrogen
“2(2H,from 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

Chapter - 1 o
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Anafrelisan: Reduction af C ﬂ_,

CO, is one of the major outputs of aerobic and anaerobic respiration,
although resbiration 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 chemicalprocess. Plants reduce 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 CO, reduction. This reaction forms all complex
organic molecules, thus, this process is considered as anabolism of organic

materials.
— Ciluecose (60
‘:'LPF | |l r Phosphorilation
Glucose -6- phosphate
i)
.
" £
Eonnsmad Fructose -6- phosphate 3
2ATP (60) g
ATP : .
ADP .: phaosphorilation I=
Frucwse 1.6 bis phosphate
)
Fssion l
Glveenighdvde 3-phosplinee T=——= Dihwidroxy avelone phosphate
Frasued  aADP
AATP  arp o Moo,
(¢3C, Pyruvlc acid , 2 *
« Glycolysis Diagram 1.1 The sketch of cel-
(36} acid — Iular respiration (Glvcolvsis
n and krebs evele)
lﬂl
IATP =
{2C) Acetyl co-A 2
' 2
ETIH'I-.‘-_-r'.-.-Hle acetic &L -h__lx g
BATP é
ATP - . E
ca, . | O =
2H 7 co,
Alpha-Ketoglutaric acid IH
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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

VWitesis iv defrrned gy ool divisdon T sednicdn btk & newe epllls

freive the saine poneentbrge aondd aaatfity e clermamosimes af e miother 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 ewniskinesis. For example, human
cell has 46 chromosomes. They duplicated before division to be %2 chromatids.
when division completed.46 go to one cell; the other 4i 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. [t 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.

i5 for thi four plreses, wirich faflow (e inferpliese, Sy are;
Phase one; Proplrase

The chromatin network is marked into a number of chromosomes,
which looks thick. It is divided into two sister chromutids. These sister chro-
matids are connected to each other at their cenlrmmeres. 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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Plrave e Metapliase

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

from each other and move in opposite directions of the cell. Mechanism of i

At this phase sister chromatids which formed in interphase, separate gz
1-
chromosome movement is not fully uncovered; however, there are explana- %ﬁ}

tionss of that:

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

h- Spindle fibers form a path so that chromosomes slide on these threads to- ¢
ward the poles. <"

.

Phuse Four: Telophave

of the cell. Then the chromosomes back to their micro-filaments shape. They
appear as chromatin network and nucleus division ends.

The final phase starts when the chromosomes reach the opposite poles l

Nucleus division is followed by cytokinesis.

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 l
containing a nucleus.

In plant cell, cytokinesis starts when eull plute formed at cell equa- t .!L.-g.' =
tor. This wall is secreted by cell protoplasm. Then each new cell starts '
forming its own cell wall from its side, this process results in two new cells.

[t 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-

L=t %

T :
tain period. This period depends on events, which occur in each phase. 4 % % .

It is found that, division phases in human cells, prophase lasts | 3i-iill |
minutes, metaphase {2-fi} minutes, anaphase (3-15) minutes, while telophase
lasts {3k-4li] minutes. It is also noted that division time of neuron lasts |31}
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- Prophase Chromosomes
2- Metaphase
3- Anaphase
— [ Cytokinesis

4- Telophase @ o

two daughter cells
(early interphase)

>+l'*'i,g_:uﬂ: 1.23 Stages of Milosis

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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Muedosis is Preformed through twe awclear divisions, the first separares
Mowrratigrans chromosomey, and s dovivien inclodes foor plases:

Prophase 1

Metaphase 1
Anaphase 1
Telophase 1

As for the second division, the two chromatids of the chromosome are separated,
each chromatid moves to cell pole.
The secomnd divison, 18 similar 1o first division, it inclades four successtve plicses:

Prophase 2
Metaphase 2
Anaphase 2
Telophase 2

Below iy o deseripaion af barl divivions:

First Meiosis INvision:

a. Prophase I:

Thix plrase ix stoow it includes fve stages with special features:

Leptotene: Chromosomes at this stage are single, long and thin filaments like beads.
They look like necklace, the [1% 4 (genetic material) doubled in each chromo-
some.

Lvpotene: Homologous chromosomes align and double. Then,

they bend on each other; this process is called Synapsis. The doubled chromo-
somes are called “bivalent”, this process is distinctive in meiosis, because it
does not occur in mitosis.

Pachytene: Chromosomes condense, thicken, and shorten. Each

chromosome double into two clear chromatids, attached to each other via their
centromeres. Each two chromatids of the same chromosome are called sis-
ter chromatids. At this stage, each pair of homologous chromosomes form a
bundle of four chromatids, this bundle is called Tetrad. For example, human cell,
at this stage, has 23 tetrads and 92 chromatids total.

In addition, there is an exchange of genes locations between
identical chromosomes; this process is called { russing (hver.

Diplotene: Homologous chromosomes keepaway from each other
non-sister chromatids remain attached by one or more points, these connection
points are called chiasmata. Number and location of chiasmata differ from
chromosome to another and from one cell to another. Non-sister chromatids are
exchanged at each chiasmata point.
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Chapler-1 }

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.

i, Werapliase |

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.

e A arplicse

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.

i, fefoplrase !

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:
ir. Priophase 2

The number chromosomes in each nucleus in the prophase? 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.

i M r|l|ll|r.'|.|"¢|' r

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 1 in that chromosomes are made of four chromatids.while chromosomes
in metaphase 2 are made of two chromatids.

e, Amwapliase 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.



e —— (

. Teloplase?

[he Cell )

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 muidldle lamells, 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 gameles are formed in animals, and it occurs in plant cells when
epps and paollen formation, although there are some differences which will be
discussed later.

- One division

- Two divisions

- Two identical cells form by each
division

- Four non-identical cells form by
each division.

- Genetically identical cells formed

- Genetically different cells formed

- Number of chromosomes in both
new cells similar to mother cell

- Number of Chromosomes in new
cells is half those in mother cell

- In somatic cells

- In reproductive cells

- Division Occurs during cell life
cycle continuously

- Division occurs after sexual ma-
turity only.

- This division is used for growth,
repair cells and asexual reproduc-
tion.

- Division is used in sexual repro-
duction and having new members
of that species.

Table 1.4 A comparison between mitosis aod meiosis




-
Figure 124 Meiosis

Prophase 1

Late prophase 1

Metaphase |

Anaphiase 1

Nuclear
envelope ..

Telophase 1
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L1 Write the webemlilie term Tor cach of the Folba lnes

) A is a colourless liquid that fills the nucleus.

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

3 movement of ‘water molecules through selectively permeable membrane according to the difference
in concentration.

R operation of removing some material from cytoplasm to outside of cell.

S organelles are centers of conversion of glucose into different polymers.

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

T a liquid transparent material fills the internal spaces of the plastids.

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

LTS 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.

(3.2 Explain the follswings.

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

. There are lysosomes in the neutrophils.

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

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

. The plant cell under the microscope is clear border.

. There are cristae in mitochondria.

. The main function of the mitochondria is cellular respiration.

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

. 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.

o L 1NN AW =

(3.3 surround the letter which Indieates the correct answer for cach of tie folowings
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

31
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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- osmosis 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-69)

13. The common way of feeding in Amoeba is:

a- pinocytosis b- phagocytosis - parasitisim d- plasmolysis.
A, Complete the lollowing senfences:

1. Changes in the shape of some cellsare due to.......................

[

. The main contents of eukaryotic cell determined by the following:

o
o
o

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

4. Endoplasmic Reticulum which lack the ribosomes describes as ............c.ooooiiiiiiiiiiciineene.

5. There are cases the cells can be bi-nucleusasin ................. e and ...

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

7. Cell wall consists of three layers : .................... s e aANd i

8. Golgi apparatus consists of three compartments, they are; ................ y e and ...........

9. Lysosomes contains large number of enzymes which is responsible for .......................

10. Cell metabolism includes the processof ...................... which takes place in..................... 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.
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Organisms differ in their body structures. Some of the organisms con-
tain only one cell such as bacteria, certain types of algae and fungi, Amaeha,
Fuglenns and some other types. These types of organisms are called “1 micel-
lular drganlsms”. 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 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.

Foemiaiion and fhiviril

vieicrs el P erend TEs% iy

The various types of tissues that build the different organs of the plant
are developed from the cells or the Mleristematic tissues, which lie basically
at the growing points of the roots and stems of the mature plants. These
tissues are known as “Apical Meristematic Thsues”, 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
Interealory Meristematic Pissues. There are also other tissues that occur par-
allel to the longitudinal axis of plant body and they are called “F.ateral Meristemuaric
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.

L fassificarion of Plamr Fissaes

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

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

Merrciemarie THxmey

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.

Table (2-1) HMlustrates these
four types of tissues in higher
plants (Howering plants).




FVabslee {2-2) illustrates the three
types of meristematic tissues
with their loeation and function.
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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.

Secondary xyle
Vascular cambium ——-
Secondary phloem
Primary phloem ——

(2 years growth) ———
Vascular cambium-

[Secondary phloam-—'/
B’“‘I(}ork cambium 4'/

Cork

Figure 2.1 Growing levels of
plant tissues (Tor study)
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[t 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 chlarenchyma. Parenchyma cells have several functions, the
most important of which are veatilation, storage and delivery of nutrienis.

b= Collenchivma

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
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 occur in the
roots and leaves of monocotyledon plants. The main function of collenchyma
tissue is to provide siruetural support and strengih. The thick walls of the
cells and their distribution assist this tissue to do these functions.

- Seleeench Vi

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
support.

Fhare v two tepes of seferenchvme cells
i~ Fihers

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.

I Selerefds

The cells are relatively short. They occur in some kinds of fruits such as pears
and quinces.

Figure 2.2 Parenchyma
tissue {(for study)

Figure 2.3 Collenchyma
Lissue {for study)

Figure 1.4 Sclerenchvma tissue
(For study )
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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 regulutes gas
exchange (by pairs of guarding cells) and waler alwarpltion.

Fasenlar Trisue

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 svlem tissue and hlocm
Lissune,

= Xyfewr Fissae

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 aslem vissels, trucheids, svlem libers
and parenchvima. 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.

¥ yiEm
glemaints
Figure 2.5 Xvlem tissue and
tracheids (for study)
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b Plloem Tissae

The phloem tissue is composed of several types of cells. These types of cells
are Sheve Tubes, Compunion Cells, Phlocm fibers and Phloem Parenchymo.

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 lengthof the plant.

Ground tissue

Parenchyma cells
Collenchyma cells
Sclerenchyma cells

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

Epidermis

Epidermal cells

Protection, regulating
the exchange of gasses
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.
-[ransporting carbohyd-
rates from/to the sieve
tubes.

-Structural support

Sieve tube
element

Companion
cell

Lateral sieve
area

Sieve tube
plate

Figure 2.6 Phisem tissog

Table (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.
3- Muscular Tissues. 4- Nervous Tissues.

Epithelial Tixsne:

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:

a- 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 “€ell jumctinm” ( plasmic junction ) .
The epithelial tissue is classified into two basic types according to the number
of layers composing the tissue:

1- Simple Epithelial Tissue.
2- Stratified Epithelial Tissue.

FIRST: Simple Epithefial Tisynes
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

I- Simpfe Squomons Epithelial Tissue

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

I-The epithelial tissue covers the immer lining of Llosd vessels, hady cuvities,
lung vesicles and Malpighian Corpascles.

¢-The cells of the simple squamous epithelial tissue serve the functions of dlif-
fusion and fltvation.
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Free surface
Nucleus Free surface

Basement membrane Nucleus

Simple squamous Basement membrane

epithelial cell Simple squamous

epithelial cell

Figure 2.7 Simple squamous
epitheial tissue (for study)
2-Simiple Cuboidal Epithelial Tivue

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 inuer Hndng of the kidones tubules and found in some
glands such as the salivary ghinds.

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

Free surface

Nucleus

_. Simple cuboidal
-~ epithelial cell

Basement membrane

Free surface =
Nucleus

Simple cuboidal
epithelial cell

Basement membrane

Figure 2.8 Simple Cuboidal
Epithelial Tissue {for study)

S-Simple Columnar Epithediul 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 inmer lining fendothelivm ) of the intestines and found in
some glands.

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

secrelion and absorpiion,

Mucus in I
goblet cell Nonciliated Figure 2.9 Simple columnar
Nucleus of simple =) epithelial tissue { forstudy)
goblet cell epithelium
Basement=— s Nucleus of
membrane Basement goblet cell

membrane @
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A-Psgndo-strwtifiod Columpuer epithelial Tissoe

a-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 “Cilinted Pseudo-stratified columnar epithelinl Tissue™.
I+ This type of epithelial tissues is found in the emdod lielin of ke traches and
the big ducts of salivary glands.
¢- The main functions of this tissue are protection and secretion.
o Cilia
Cilia Free surface —

= Free surface . Gobilet cell containing =
— Goblet cell containing mucus mucus

Pseudostratified Pseudostratified

columnar epithelial cell columnar epithelial cell
Nucleus Nucleus
Basement membrane Basement membrane

Figure 2. 10 Pseudo stratified columnar
epithelial tissue (tor study)

Simple squamous -Endothelium of blood [|-Diffusion.
epithelial tissue vessels. -Filtration.
-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.
. e Simple columnar -Endothelium of intesti- |-Protection.
Table (2-4) illustrates the types epithelial tissue nes. -Secretion.
of simple epithelinl tissues with -Endothelium of glands. [Absorption.

ihe lecation aud Muoction ol each.

Pseudo-stratified co- [-Endothelium of trachea. [-Protection.
lumnar epithelial tis- |-FEndothelium of big du- [-Secretion.
sue cts of glands

SECOND: Stravified Epitheiial 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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1.Stratified squamous epithelial 2.Stratified cuboidal epithelial tissue
tissue

3Stratified columnar epithelial tissue{4.Transitional Epithelial Tissue

P-Stratified Squwamous Epithedial 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 wulermust layer of the skin (epidermis)

b- It forms the inner lining of the wuath and canphusg s,

c- It serves the function of prutectinm.

Squamous
~. superficial cells

Stem cells —

“o._Basement _FE ' Figure 211 Siratified Squ-

membrane

Connectve e ™ s S o amous Epithelial Tissue {for
study)

SeSpraiified Culroidal Epithelivl 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.

li- This tissue covers the internal surface of the swwai glaml dueis and sem-
iniferows tubules.

it The main functions of this tissue are secretion and protection.

Basement

membrane Figure 2.12 Stratified Cubuoidal
Connective  Epithelial Tissue (For study)

tissue

e

TEaaceye
ﬁ"mcf—fnﬂnﬂcxgjﬂ
Cm——u7l/

o[ elolso/deq

Sweat gland
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J-Strutifred Coluwmingr Epithelial Tissne

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.

[I'QE“E il i
Figure 2.13 Stratified Columnar r:r; ﬂ
Epithelial Tissue \ Lr,:_.f:._

Basement membrane
Stratified columnar epithelial cell (B} (for study)

o
4 Free surface ————
Far m::mur't‘.r.ing Nucleus

Basement membrane —

Stratified columnar
epithelial cell

- Transitional Epithelinl Tisvsue

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.

Is- This tissue is found in the liner of the mrimary bladder, urerer and
kichney pelvis,

i~ 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
epithelium
(facet cells)

Basal
epithelium
Basement
membrane

s Lamil]a
*iA) 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 Epithelinl Tissue
Tissue - Ureter. -Contraction and expan- Sasmbln- sl e it
- Kidney Pelvis . sion of organs. ’

Conmreciive Tivsies

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-Celly of Connective Tixvnis

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:

- Fibrahlaxy

ii- 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.

b- 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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J= Adipose Coll

a- 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.

d-Mesenclyvoud Cell

a-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.

- Maxi Cell

m- 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 heguarin 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
“piement cells.

8- Conwective Tissue Fibers
Tiwerg et Mivee fypes of fehery i flie conmeciive fvnes
. White or Collagenous Fibers

|
1. Yellow or Elastic Fibers
1. Reticular Fibers



M-It is called “Whide Filwer” because its co-
lor is white when it is alive condition.

Ii=It 1s found in the form of bundles consis-

ting of a number of fibers. Each fiber consists
White ar collagenous fiber | of fibrils.

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

A=It is called “¥elluw Fiher” because its co-
lor is yellow when it is alive condition.

Yellow ar elastic (iber li-1t 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 “Heticular Filier” because the-
se fibers crosslink to form a fine network.

It is a network of thin fibers.

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

C= Tntercellulur swbstfance or mtrix

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:

I1- Connective Tissue Proper
2- Special Connective Tissue

Eacd tvpe Jx el sale eluvadlfiedd fen ofitfern frpes
1. Connevtive Tissue Proper

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

Table (2-6) illustrates the types
of connective tissue fibers with
the distinctive characteristics
of each.




Reticular
fibers — Mast cell
Melanocyte :
— Elastic
) fibers
Fixed
macrophage Free
~macrophage
Pl o
o | Collagen Figure 2.15 Aevolar connec-
et fibers  Five tissue contain almaost all
_Blood kind of connective tissue cells
n vessel

Fibroblast Wmil fibers (for study)

Adipocgtes | 1 [
f: i - . . .
(fat cells) : . ' Mesenchymal
ef = . cell
Ground/’j’),‘n i Lymphocyte

substance | 'S |

Tiee fovse vimrective fsu bx olassfhed oecomding o the colls and fhers forin-
frm® £ daar

1. Areolar connective tissue 2. Adipose connective tissue

3.Reticular connective tissue 4. Mesenchymal connective tissue

5.Mucoid connective tissue

1. Arenlar Connecthve ths- | a-Beneath the skin. -It covers most of
sue; It is the most common | b-Around the internal | the body organs
type of connective tissues. | organs. including the blood
All types of its fibers have vessels, lymphatic
varying densities. Various vessels and nerves.

types of connective tissue
cells differentiate.

1. Adipose Connective Tis- | a-Beneath the skin. -It stores fat.

suie: The fat cells prevail in | b-In the locations of fat | -It generates ener-
the adipose connective type | storage and metabolism. | gy.

of tissues. -It maintains the
body thermal ba-
lance.
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3. Reticular condective
Llssuey 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-
fivee tissue: It is an undifte-
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 Muocoid  connective

flssue; It is composed of
fibroblasts of a star-like ap-
pearance.embeded ina

mucous gelatin substance.

-Umbilical cord.

-Support.

"Cull membrane

Nucleus

Fat droplet

Umbilical Cord

=~
S

&
-

-
g ettt
. cella
’iﬁ: = -
- ‘( -
-

Fat droplet

Nucleus

Tuble (2-T) illustrates the types
of Connective tissoe proper, ln-
cativns and fonctions,

Figure 2,16 Reticular connective
tissue (For study)

‘izure 2.17 Adipose connective
tissue (for study)

Figure .18 Muocoid connective
tissue (for study)
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The second type of the connective tissues proper is the “Ihense Canneclive
Tissue”. It is classified according to the density of the constituent fibers into:

I-Dense Collagenows 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.

Collagen
fiber
Figure 2.19 Repular dense con-
nective tissue (Tor study) Mocter

Collagen
fiber
bundles

Figure 2.20 Irregular dense
connective tissue (for study)

Elastic
fibers

Figure .21 Dense elastic con-
nective tlssue (Tor study)

Elastic tissue from a ligament between vertebrae
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2. Special Conmective 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.

- Cartifage

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 “C humdrismuein”. The intercellular
substance also includes very thin white fibers and special type of cells called
“Chondrocyies” which are found in “Lascunae”.

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 “Wihiie Filsru-Cartilage” in which white fi-
bers found in the discs between the vertebra in intervertebral disc.

Finally, it might be “Elasife Cartilage” in which the elastic or flexible
fibers are dominant as in the ear pinna.

Cartilage of
the Larynx

Larynx-

Trachea
Figure 2.22 Hyaline cartilage
i for study)

' ‘- .J?Chondrocytes
'

B Bone

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

I- Compact Bone
1. Spongy Bone.




Figore 2.23 Compact bone
tissue (for study)

The concentric bone

( Chapter - 2 Y
As in the cartilage tissue, the bone tissue is formed of special cells

called “i#ieocyivs” within lacunae, microscopic white fibers and intercellular

substance , B}

Lamella

Osteocyte

Osteon
(Haversian system)
| Circumferential
1 lamellae
Lamellae

Central (Haversian) canal

Blood vessel continues
into medullary cavity
containing marrow

Osteon
Perforating
(Sharpeys)
fibers
Compact
bone
Periosteal
blood vessel
Periosteum ="

(@)

Spongy bone

Central (Haversian) canal
Perforating (Volkmanns) canal
Blood vessel
Endoseum lining bony canals
and covering trabeculae

' Intérstitial

canal lamellae

If we study a section of the compact bone closely, we will see that its intercel-
lular substance comes in the form of “Bone Lamellae” which are distributed
throughout the tissue. Some of these bone lamellae take the form of peripheral
lamellae which come in parallel to the outer and inner surfaces of the bone. In
this case, the lamellae are called “Peripheral Lameline”.

Other lamellae are arranged in concentric lamellae around a central ca-
nal called “Haversian Canal” through which the blood vessels and nerves passed.
The concentric bone lamellae and Haversian canal constitute the “Haversian
system”. The Haversian canals are connected to each other by transverse ca-
nals named “Volkmunn's Canals”, There are also intercellular lamellae which
fill the spaces between haversian systems and the bone peripheral lamellae.

lamellae and Haversian canal cons-

titute the “Haversiiun sysiem”.

Figure 1.14 Spongy hone tis-

sue (for study)

The spongy bone tissue is different from the compact bone tissue in
that the bone lamellae in the spongy bone tissue are not arranged as in the
compact bone. They take the form of irregular trabecula which ramify and meet
again forming vacant spaces occupied with bone marrow.
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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-f1) litres of blood.

Frrviz Blood Cells

g i ".ll.'._'-. ". 1 I, PR I T
A- Red Blood Cells “Eryilirneyes”.

B- White Blood Cells
C- Blood Platelets “Thrunmm ey ies”.

Linoseyies".

i -f'll-:"l'lI .Hh..,.! l:.-'-'|'-,

The red blood cells are also called “Hed Blond Corpuseles”. 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 (HL -
6.,000.000) cells per microliter. In the mature female human, the number
is ranging from (3, %iHk, (1041} to (5.510k,100H1) cells per microlitter. The number of the
red blood cells decrease in the case of anaemia and increase when a person
goes up to high places and when being exposed to carbon monoxide.

The cytoplasm of the red blood cells contains the “Haeminglohin” which
binds with oxygen to make an unstable compound called “i¥xw=hemugbilsin.
The oxygen is dropped off when it reaches the cells and replaced with carbon
dioxide forming an unstable compound called “Carbaoxy -hemaglohin®.

The average life span of the red blood cells in humans is estimated | 2i)
days. Every second, Z.=iLilil new cells enter the blood stream to compensate
an equal number of cells which got worn out during the same time. The big
macrophages in the liver, spleen and red bone marrow devour the dead red

cells. TYPES OF BLOOD CELLS

l l

1.Red Blood Cells 3. Platelets

(Erythrocytes) (Thrombocytes)

Helps in 02 and COz exchange

2. White Blood Cells

Leukocytes)

C‘“"'me.:;::

Neutrophil Lymphocyte Monocyte

Helps in blood clotting

Eosinophil Basophil

Blood is originated from the
embryonic intermediary cells.

The red blood cells contain
hemoglobin which transport the oxy-
gen and carbondioxide

i'.l_'.||'|_"'__ _:||' 1011 .'llll-lll

|'|.'||-.

55
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B-Wlite Blowd Celly

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 16000 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: Granniar Leakocyies
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. Newtraphils:
They constitute (41-711%4) 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. Basvphils:
This type constitutes (I1.5-1%%) of the total number of the white blood cells.

Necond: Non-Granufor Lenkocytes

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:

I. Lymphocyres:
They constitute (Hi—£=%) of the total number of the white blood cells.

2. Monocyies:
They constitute (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 Plarelers

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 “Thramhocyies”.

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 #-11 days. The
big macrophages phagocyted the blood platelets in the liver, spleen and bone mar-
row. The blood platelets serve the function of releasing “ThrmmbPlasiin
enzyme which plays a very important role in blood coagulation.

Secomd: Blood Plasnig

The blood plasma is the intercellular substance of the blood tissue. It

is a pale yellow homogeneous liquid and can be obtained by "IHemaafiltration".

It makes up about 55% of the total blood volume. Water makes up about fi's,
of the blood plasma. The rest 10} % includes solid substances available in the
plasma as proteins, hormones, enzymes, non-organic salts, glucose etc.

Lymph

The lymph is a liquid that is collected out of the tissues. It returns to
the blood stream through “lLyvmphatic 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.
Waevewlor fissne

The muscular tissue is composed of cells called musele filscrs. 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.

1- Smooth Muscles.
2- Skeletal Muscles.
3- Cardiac Muscles.

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

I- 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 Surcabenmu.

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.

The lymph is similar to the
plasma in composition except that its
protein content is less and its blood
coagulation is slower. The clot in the
lymph is soft not solid.
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The blood platelets serve
the function of releasing “Thrum-
hoPlastin ” enzyme which plays a
very important role in blood coagu-
lation.

Ihroambacytes serve the
same function of the blood plate-
lets.

L

Chapiler - 2

Y Akefefal Wisscles

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. [t 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 “Sirinted Muscles”.

- 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 “%ulumburily Mupscles”,
1= ordiae Wiscles

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.

3- The heart muscle fibres are connected to each other at their ends in differen-
tiated places of their plasma membranes called “lwtercalated Hses”.

4- The membrane of the heart muscle fiber is thinner than that of the skeletal
muscle fibre.

5-The heart muscle fiber contains one cell nucleus. It is centrally positioned.
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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 (Memromn); £ fx o speredfelized coll comprenseed of thrve poart

1. Cell Body

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

roflibrils” and “Missl"s Coraniles” 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 (Neurons) 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.
3-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.
'|': ITe; l-'L;"l.':nl

They form the largest part of the nervous tissue. They constitute (1-50)
of the tissue, i.e. each neuron has (50)) 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.
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Figure 1. 27 Types of neurons and their structure
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O 1 Write the seieniific term for eaeh of the following statements:

1 the meristematic tissues which are found at the growing tips of the stems and roots of higher plants.
20 the meristematic tissues which are available at the base of the leaf blade.

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

4, the parenchyma cells which contain the plastids.

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

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

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

9 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.

0. 2 Explain ithe ollowing sclentlfic Facia?

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.

0.3 Surround the letter of the correet choiee:

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. c- 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 c- living near water d- affected with cancer

10. The red blood cells life span in human estimated by:
a{130)days. b-(120)days. c-(112)days. d-(140)days.

11. The ratio of plasma in blood is:
a-(55)%. b-(50) %. c-(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 c- cardiac d- Striated

L [ ||IIL|l|‘|. to the followine sontences:

1. Xylem tissue is composed of number of components which differ in structure and function. These components are:
A e b- Cm v d-

. The tissue that covers the lining of the urethra is called ............................. .

. The cells of the Stratified cuboidal epithelial tissue are found in .................

. The connective tissues are composed of: a- ........... b- Covvvnnnns

. The Connective Tissue Proper is classified according to the density of contents to: ......... and ...

. The Concentric Bone Lamellae and the ................ form a system called “..................... .
. The oxygen combines with hemoglobin to form a compound called ..................

. There are three types of Granular Leucocytes: 1- ............... 2- i, R .

QL A1 b W

0. 5 Compare between the follow ing:

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.

(). & Mlateh group | and group 2. Pot the number of the correct ansvwer frem group 2 between the bracketss
Ciroug | Cirmup X
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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Reproductionfand its role in preserving species.
Ty pesiofireproduction.
rﬂ'jﬁiﬂl’ﬁiﬁﬂﬁ"‘ﬁ trusés'. i
miﬁ@ﬁﬂﬁﬂiﬁﬂﬂﬁ}“ :
RepreductioniinProtista.
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Reproduction’inA lmals_.-- |
Parthenogenesist
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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- Understand the concept of vegetative reproduction in plants.
15- Explain the reproduction in : Hydra, Planaria and earthworm .

16- Identify the reproductive system composition in insects.

17- ldentify the reproductive system organs in frog.

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

19- Explain Parthenogensis and Hermaphroditisim.
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Organisms don't need
reproduction to survive but they
need it for continuity of their gene-
rations.

Chapter -3

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 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.

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.

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

1. Asexnal reprodiciion

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.

: "I i .||||I i l,'.l. .-l..r||| freaep

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 fertilizutinm.

Sexnof reproduction poxses Seowgh fne main steps!

I- 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 ferthlbzatbnn to form
a cell called zygote with total number of chromosomes (Zm). Then this embry-
onic cell (zygote) grows into a new organism by series of mitotic divisions.

L. Spermaropencsis

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

HMEIDSIS |
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in two cells being equal in size and haploid (1). These cells are called as se¢-
andary spermatocyie, 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 muml e sperm.
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2. ODopenmisis

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
miganin. Oogonia undergo normal division to increase in number (2n).

These cells pass through a period of growth to increase in volume and form
diploid cells (2n) called I'rimmury woeyies. There are many cells small in size
which form a layer around primary oocyte called as fusllicle ¢ells. Primary oo-

Primary oocyte and perip- cyte and periphery positioned follicle cells together forms wwurinm fullicle.
hery positioned follicle cells toget-
her forms awvarianm Fulliche. 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 (). The big sized cell called as secundary sueyvie
while the small sized cell called as firsi pualur hody.

Secondary oocytes pass through second division of meiosis and form
two cells unequal in size. Big sized cell ({#ulilasr) passes through a period of
growth to form mature egg {(usviim). But small sized cell called as sceondary
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.
Primary follicles
(GdT};rl];IITJ?I cell : _Fallopian tube
" F §
Fertiization = )
L L ¢

bodies are formed.
———Primary-—
oocyte
(diploid)
MEIOSIS -

-Secondary- '&

/ (Ohoa?py‘loeld)

First polar bo

MEIOSIS Il=-

Figure 1.1 Stages of egg fonmatisn Q’ 0 0
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Reprodociion 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
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Information about virus reproduction is obtained by observing a type
of virus, attacking a kind of bacteria called “Esgherichin coll”. This type of
viruses which attack bacteria called as baeteriophage. Viruses can reproduce
by two types of interacted cycles the Iviie ¢y ile or Ivsigenic cvele:A

| Attachment stage

Cell wall 3

enetic materi

Bacteria cell

Divided cells

Figure 3.3 Reprodasetion in virnses

A-Lytic cyefe:
1. Artachment stuge

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. Penretrafion stupe

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

J. Biesymifiesis singe

When viral 11 A enter to bacteria, it transcripts mM M A necessary for
the construction of enzymes for degradation of DNA and mili 4 of bacteria
then the cellular mechanism of bacteria produces of proteins and releases en-
ergy under the control of viral 1™ 4. Viral 11 A directs the mechanism of the

host for the formation of new nucleic acids (13™ %) and new viral proteins. i )
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 stagé,

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.

i Refease 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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Figure 3.4 Reproduction in bacte-
rin (binary Mssion)
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B-Lysopeni cvele

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 (I¥WA) without breaking nucleic acid of bacteria and viral DNA called as
prophage. And prophage is duplicated by reproduction of bacteria.

Ih-pr'mluruﬁnn in Monera

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

A- Asexual reproduction in bucteria

Bacteria reproduce asexually by hinary fissisn.

Thels oot xgemompprizewd o fodfooes;

1- 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.

Chromosome
‘| I Cell wall
; lasma membrane
ytoplasm

\—-d—)
. D
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8- Sexwal 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-¢oli) 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 recambimilion,

o vmiginnuationns wirlpEe borcferie & plocessed (1 ithe folfandige steps,

1- First conjugation happens between two cells. The first cell is called donar
well, this contain fertiliiy Factor, represented by the I¥W.A& 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 reciplent 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 1A strand of the fertility factor broke in a certain point and
extend to transfer the recipient cell.

4- This broken [3% A gathers with a part of the cytoplasm of the donor cell
moves to the recipient cell through the conjugation bridge. I#™ 4 strand repli-
cate itself and become a complete double strand of [I™ A.

The donor cell remain as it was in terms of the genetic material because
the broken DINA 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.

njugation bridge
Donorcell Recipientcell Conjugation bridge )
Bacterial
Fertility factor c}?;:oz:loasome

Figure 3.5 Conjugalion in bacteria{=cali)
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Chlamydomonas, euglena
and paramecium are examples for
protists.

Chapter -3

Protista includes various types of unicellular organisms. We will study
reproduction of Chlwmy dismarnas, Fuglens and Parmmecinm as example.

Reprad wedfon fn e hfamrvad osmorias

Chlamydomonas is a unicellular organism from green algae. It lives in
lakes and reservoirs. The special characters of this organism is 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.

i |'\-|'l\.|r|.l|'|r| i lI'.|'|-'|.|I.l.|| fdeanr

Asexual reproduction begins by formation of(2 — 8) or 16 #nusjres 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} Sexwwlly peproduciton

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

1. 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 isigamietes.

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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Fizure 3.6 Repraaluciion in Gametes
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Paramecium is from ciliated Protista spread out in lakes and pond water swhich
contains water plants and dissolved organic substances.

Asexual
Reproduction
Daughter cell

formation
Reprascduction in Paramecium

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 e ramuelens.

2. After division of micronucleus each nuclei moves to the opposite side of
Paramecium, at the same time mucranuciens 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. Sexwad reproduction in Paranreciunm
Paramecium reproduces sexually into two ways; conjugation and autogmmy.
Paramecium reproduces

) Conjugation asexually by binary fission
Cviepfaeeitiens Jo fhe Shargnimec i feipepiary als follones,

I. 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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L.

Micronucleus

2. The micronucleus in both organisms undergos meiosis to form four nuclei,

Macronuclens each of these nuclei contains half of the complete number of chromosomes (n).

1 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 gumipset muclews which contains complete number
of chromosomes (Zm).

5. Each of paramecium reproduce asexually by binary fission and four new
paramecia are formed.

\*"..

- - L gonfpugation in Paramesium

I+ Blnary lissdon lin Paramechom
* -
Figure 3.7 Binary lission und Conjugation in paramecium

B) Self-fertifizaiion ar Autopamy

'JI

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

Paramecium reproduces
sexually into two ways; conjugation
and autogamy.

Repronluciion i Euglemna

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 Flangaced by lieslesr and this division
happens in free-swimming stage and encysted stage as follows:

1. 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.




Flagellum

L]
Figure 3.8 Transverse binary fssi-
on in Euglens

Nucleus

i

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-
viously fungi were regarded as plants, which are similar to plants in reproduc-
tion property, growth and biochemistry. But later it was found that they are
differ from plants in many ways. Fungi don't have photosynthetic pigments
so they are not autotrophic and also nutrition differ from plants.

Fungi don't have photosynt-
hetic pigments so they are not autot-
rophic and also they nutrition strate-
gy different from plants strategy.

We will study reproduction in black bread mold as an example for
reproduction in fungi. The black bread mold belong to ¥ygmmyventa 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 |8

Sexual
Reproduction

Figure 3.9 Reproduction in
bluck hread mald (for study)
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1. A contact and merging takes place between hyphae which contain different
nucleus, positive and negative, followed by cytoplasmic integration.

1. Goemetangln 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 meinsis takes place.

5. The sporangiophore holds a sac called spuramgium 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.

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
=¥ 2n
Sporangium (2n)

/Mitosis“'—' &\
N\

P Complete number of chromosomes (2n) T
-Fert|I|zat|on Meiosis
Half number of chromosomes (n) HY

\

Zygote (2n)

~0

& Spore (n)
Mitosis - Mitosis /
— S
'-J:;':r‘g_—
Gametophyte
n
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1- Sporaplvie

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= Crametophyte

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.

Mosses

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

I-Reproducison in Polyvirichim

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.

Flgure 311 Reduction in sk of
gametophy tea {Tor study)
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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 (n).
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 (jrstismizin ) this repre-
sent the first stage of gametophyte.

Sporophyte
Formation

S
Micosis
Zygote
¥

Sporangium

Figure 3,13 Reproduction in ferns
{Polvirichium i for study)

2=Reprowluciion in ferms

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 prothullus. It is a
heart shaped, green coloured structure and carries gireliegnibuin (female) and
antherldinm (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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5. 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.

Leaf

Sporangium

Mitosis
: \
Q Sporangium
Zygote
: 2n

izati m‘ﬁ‘m‘
N i :
k Egg = £ spores
3 Archegonium f
S‘P:I“-"‘- Mitosis h
" e -
" xht Fizure 3,13 Reproduction in forns

(For study)
Gametophyte : h"Rlii.'zoids

J-Reproduction in flowering planty

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.

Fiower comtsier of & puirds o fodloms

1. Sepals

They make groups called calyx, 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.
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Anther —t L 'Sﬂgna
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Filament

A, Sranmens

This is the male part in the flower. This is consisting of two parts, anther
and lilameni. 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. Pisril
This is the female part of flower which consists of following parts:

i) heary
This is the lower part of pistil and contains the “awvules” inside it, which are
connected to the ovary wall by a short neck called “Tunmiaiiliis”.

) Seple

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.



Have triple or multi triple flower [ The flower parts are quantic
parts or multiples.

4 | Parallel veined leaves Net veined leaves.

6 | Generally herbal plants Generally woody plants.

Flower Terminelagy

Some basic parts of flower are
2 Incomplete flower missin parts of i

|
i
4 Imperfect flower or Diecious Flave staman alone. or piah]
P alone but not both.

First: The formuaiion of pollems and wviles

1. Anther and Polfen 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 Ful-
lem wae or Microsporangivm. The pollen sac contains Fullen (irains. 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.

Table 31 Comparesion the differen-
ces bebween Menecoty ledon and
Bicoiyledon plonis.

Tuhle 3.2 Some scientifie iorms for
dlifferent kinds of Howers
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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 microspares with half number of chromosomes (n).

The nucleus of mileruspure 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 immmture male gumetophyie. 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 gurminalion pures,

staimen ~|:

anther

2

oviule

pedicel” polar ovary

nuslei

stigma ¥a© ‘ style
pistil { style \ ~~
ovary '

endosperm

endosperm

nucleus sparm

embryo 9

4 embryo sac

zygote

Figure 3.15 Life cycle of flowering
plant  (for study )
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/~ Generative cell ]
Sperm cells

nucleus P ‘ﬂ'

Pollen grain Tube cell Tube nucleus . il.

2, Cheary and Egg Production

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

Egg start growing by having a small hump called riicellins, 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
bk oy e

A compound cell grows inside nucellus called megaspore mother
eell. This cell undergoes meiosis in order to produce four megaspares 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 embryo 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 svnerglid cells. The nuclei of opposite side of micropyle within embryo sac
also covered by membranes and it forms antipmdals. Two central nuclei form
two polar nuclei. The embryo sac represents the misture lemuile gmmetophyvie,

Figure 316 Follen formation in
Mwering phinis { for study )
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Pollination is one of the
operations which lead to produce
seeds and provide fertilization.

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

Chaptler - 3

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
positions.

i, Peliimtion

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:

{= Sodf prendlirvanfree

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.

- ross pallfrafio

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. Develapmient of Pollen Tob

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.
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3, Fermlization emd 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 #vgmte which has diploid
(2m) number of chromosomes. The second sperm fuse with two polar nuclei to
form endosperm nuclens, so this nucleus has triple (3m) 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 SPerm nucleus.
embryo during growth stages.

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

e eemy mpiempmenrize e EFERTIRE SIEES in ety Forleey av ol

I-Eygoie Stage

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

J—Fﬂ.lnfm.l'lr_-l:rl Srage

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

The embryo like a small ball in this stage.

L=-Hears Slape

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

5-Torpedo Stuge

The embryo as torpedo and splits form and seen clearly.

t-Nainre Embryo Stuge

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)
. Apical
Bended Root axis m%ristem
cotyledons
Seed
coat

21

Zygote

Endosperm Early cotyledons Apicalm&n‘stem

(stem)

Endosperm Figure 3.17 Embryo formation in

flowering plants (for study)
Cotyledons '

(G)

Apical meristen
(%) (root)
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. Seed Formvatfon

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, vl heans. grecn
beans and others. But there are types of plants as wiheat, cnrn 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

Endosperm

Seed coat

Plumule L_Embryo

4 Embryonic
Figure %18 Seed strocture in Leaves
A= Monecobyledon plants Radicle —

B Meotyledon planis
A

7o Frisit Formiatiom

()

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 gluense and aming 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 caretene when some fruits get mature
as in tomatoes. Anthocvianin can accumulate as in grapes and pears.
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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 parthenscarpic frufis. However there are some kinds of fruits which
naturally have no seed and these called as mutural parthenocarpic frals,
Fline uppiles and some kinds of grapes are examples. It is believed that
the ovary of this kind of flowers have high level of hormones.

Many seeds
Outer layer  j ;

Seed

r - G_\-mnosl_)erm seed
Wing

Fhgure 3,09 Some Kinds of frolis
(For stodv)

Strwcture of fruic

It 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) Exvoearp; can be called as a skin or cover. . "y ;

B) Mesuenrp; can be called as a flesh. \ R
C) Funducurg; can be called as a pililh. Seed |
Endocarp

7 Exocaep
esocarp

Notice that these layers differ in growth rate and thickness in different types of 2
plants. Figure 3.20 Fruit siruciore
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Figure 3.21 Dispersal of fruits and
seed by pnimals
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Tvpos of frufes
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 bread heans, tomuis, cucumber, orunge and apricot,

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

A Compownd Frouis

They can be called as pmilusgdis Irinis 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 amnd seedy

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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Vegetuiive prapagaiion

It is a common type of asexual reproduction in many plants and ferns.
The plants have vegetative propagation in many ways, by stolons; they are
stems extend on the surface of the ground. Rhizomes or Tubers, Corms and
Bulbs. All these parts are vegetative parts of plant and they are not related to the
sexual reproduction but act in vegetative propagation. There are three general
types of vegetative propagation.

A) Natural vegetative propagation
Thix Beapag s e iy Wiy
L. Propagation by Stelons

One of the vegetative propagation types as in strawherry. A horizon-
tal stem (stolon) which can be a meter in length extends above the surface of
the ground. The stolons form new vertical plants on the knot positions on the
stolons. New roots grow in ground, stems and leaves grow to up. The new plant
separates from the mother plant naturally and when stolons die it can be taken
and planted in other places.

Axillary Buds
Rhizome
Axillary Buds Branch

Stolon —
* ! i+ Corme.
’-‘ Rhizome ==
Root ™

Stolons Rhizome

2. Propagaiion by Bhczomes

This is a vegetative propagation way which most of the weeds and
ferns reproduce. It happens by formation of terrestrial stems, which
extends under the soil surface and called as rhizomes. Roots grow from hori-
zontal stem and green parts grow from the buds above the ground. Terrestrial
stems extend by the growth of their apical buds and covers new areas in a great
speed. Lanrden griss and Iris are examples for this type of reproduction.

Leaf &
Frgure 3.22 Types of veecintive
propagation in plants
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A, Fropagotion by Fubers

Tubers can be defined as food storing terrestrial stems. Tubers contain
number of lowness called eyes. Each eye contains a bud or many buds called
maillary buds. Usually one plant has a group of tubers which are capable to
form new branches from its bud as in potato.

{. Propagarioe by Bulls anad Cormes

This kind of vegetative propagation happens in many herbaceous
plants by formation bulbs. A bulb is a single, globular, big bud. It has a disk
stem at the base end and some leaves grow from its upper surface and roots
grow from lower surface. Buds are emerged from axils of leaves and these buds
similar to the mother bulb. It may separate or remain connected to the mother
bulb. €hminn, gurlic, nurcissus and lily are examples for this type of propaga-
tion.

Corms also a method of vegetative propagation similar to the
bulbs in morphology but differs in the big part of corms is a stem tissue; the
leaves are thinner and smaller than the leaves of bulbs. Corms also reproduce
by forming buds from the axil of leaves on stem and separate to form new
corms as in gladiolus, earth spple and tormerie.

B Artificial Vegetafive Propggafio
Many plants lose their ability to form active seeds as in banana, grape,

and some kinds of orange. And also some plants take long time to reproduce by
seeds like date palm, and also there is difficulty to guarantee to limit the species

and genus of tree, therefore the farmers resort to propagate the plants vegetatively.

There are some plants cannot reproduce vegetatively and they need stimulation
to propagate by using some plant hormones like; indole acetic acid, indole bu-
tyric acid and naphthalene acidic acid.

Offsets are big buds frequently formed at the stem base in the region
of its connection with the soil. Adventitious roots, which extend in soil, are
formed from them. And when their growth completes, they are separated from
the mother tree. Then they are translocated and grow in another place in the
form of'an independent plant. Among plants, which are propagated by this way,
are date palm and banana

_" “_. .".-r| 4 |']II;_;

Some plants can form adventitious roots if they touch the earth and
are covered with soil. Man has utilized this characteristic in propagating some
plants in that a twig is bended while it is still connected with the mother plant

and part of it is covered with some quantities of soil. This process is known as
layering.
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If the bending of the branch is difficult because of its hardness for ex-
ample, it can be agrial lavering by enclosing it with a soil-containing pot and
leaving it for a period of time (about 6 weeks) in that part of the branch, bur-
ied in the pot, forms adventitious roots. Then, the branch, which has become
containing roots, can be separated from the mother plant and grown in another
place. Among plants, which can be propagated by layering, are grape, lemon
and wrange and others.

i .f’.-.-||||¢r:"|.|'.".|:-|r.' iy Cappefin

The process of grafting is the attachment part of a plant to the part of an-
other plant. This method is used to reproduce plants with desired properties. It
is noticed in the experiment if a part of plant taken which has buds as orange
and it replaced on another plant similar to characteristics as lemon, the bud of
orange will grows forms flowers and fruits on lemon Tree.

The part which contains the buds is called seiun while the other part is called
as stock.

i, Budding Crafting

A bud is taken from a plant with desired properties placed in a split of T
shape within the stock. Their two sides are lifted and the bud is inserted in it
and covered again with two sides then the bud tied up in its place.

b ..II|:|'|' l'.-'.'.n_".'."u_."

Cleft grafting is carried out by cutting the stem of the stock tree hori-
zontally near the soil surface. Then a vertical split is made in it. Afterward,
a branch containing a number of buds is taken from the scion and its end is
trimmed in such a way that it fits the split and it is put cautiously in such a
manner that cambium tissue fit one another in the scion and stock. Then this
place is tied up and covered with the wax.

It is important to know that grafting always not succeeds, only if there
are alike properties between scion and stock. Means they must be from the
same class of plants, so orange cannot grafted on peach but can be grafted on
lemon and also peach can be grafted on plum.

Propagation by Grafts is used to
reproduce plants with desired
properties.

Figure 5.23 Yegetative propagation
in plinis
mEproUCEan By cultings - os iy piand custings

10 neproduce pEks Trom existing [RIE ] [bor sy
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Fhe imporiance af Vegetative propagation in planes

;I?Jt' I'i'#l-‘ﬁifﬂ'l" f?-l'l'ﬁl?{.l'!;i'.lnrﬂnl r'.u II.H'I'II FED fllll.ln'l'l.'l' .f!..lr ?JH'J'H_[;!I.'I'.JHA‘I.;'.":

I. To propagate the plants wliach do not produce seeds

2, To propagate hybrid planis withoul change since their seeds do not give all
of the plants which are similar o the parents.

1, To propagate plants which the seeds are genminated ai low rates,

4, Tooincrepse the propagation speed and speed-up the friiting.

5. To aikapt the plamis 1o new conditions. For example, roois of the pear trecs do
o rrony well inoo sandy sodl bl they con be groswn m stch a soil successiully
by way of grafting it on stocks of pesch rees of which the roots blossom in
his sodl,

& Preventing the affection by some parasites, which antack roots of specific
kinds pnd do not attack other kinds, For example. roots of the Luropean grape
are suhicct to be affected by a type of parasites, which do not hit roots of the
Amencon grape. 1§ stocks of the American prape are grafied by those of the
Furopean grape, the Itter grow without being exposed to these parasites,

Meni fivsue Cultigre

The plantation of plant tssues is regarded as one of the applications
ol vital techniques which help o reproduction ol plamts and this represents the
artificinl vegetative propagzation. Simply it means; the development of plant
tissue and cells outside the plant body, in environment or in proper feeding me-
dia. The result is formation or development of plant buds which transformed
during proper time to fonn o mature plant,

The advantage of this tissue plantation in planis, 1o get a plant with
desired properties, The salt resistance and the changes in temperature and it
also used to overcome some plantation problems like long life, as in date palm
Iree.

The tissue plantation become common m the world and o Llreg,
some saudies a1 research centres achieved a success in this field.

Fhie fiawire pleanfoetiensy for deibe free con b siimmewized o8 Sl

I, Oneof the offsets s separnted froom the mother plant; mostly 8 desired offset &
selected because it has an active growth,

2, The apical growing pert extracted and this requires stenlized media 1w pre-
venl contamination ofexiracied tissue.

3. The spical growing part partitioned info small pieces, because i1 comtuins
active ecells.

4. The tissue plonted in medio which contains mutrieniz, reliable humidity and
emperature. Afrer trensplanting i 10 a normal environment,
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Reproduction in Animals

Thie trembers of the animal kingdom show a big difference in reprodic-
tion ways and mostly reproduce sexually but some animals which reproduce
sexunlly and asexually, the basic stucture of the reproductive system in
mmimials i similar although there sre some dierences in reproduction babits
and fertilezation wavs which made many changes especially in veriebrare,

W veddl wreroly sowwe excmpales abioust reproidiecifon il repuocieciive siskeres b
imefiviciids e aevamend kimgoam,

Reproduction in hyidra

Hydra belongs to class Hydrozoa they mastly are sea-living animals bat there
are some thal lves in frésh water, I lives individuailly or n colonies, thé idel
life evele of hydm In two stages, asexually stage Palyp and sexually stage Me-
dusa, Motice that vdra of fresh water doesn™t have sexual stage medusa; some
Kindsof hydhmhavesexual stage omlly without asexual stage. Hydra reproduces
aseyunlly and sexually.

- Asexawl Reprodction

Hydra reproduces asexually by budding, and this kind of reproduction
hnppens when the food is available, o mostly ni the beginning of the last thind
of the body it forms a litde bulge is called bud which contains vacucle tha
represenis the main vacuole fior the mother animal.

The bud grows and extends, and when it reaches the suitable size m
the Tar end the [itthe bulges will appenr and grow, then the mouth forms; during
several days the bud grows and appears as a complete formatted small animal
which is conmected o the mother, and after & short period it pinehes of at the
base of the bud and in e connected area with mother body, And then the baud
separates from the mother and it clases its base and also ¢loses the hole which
was eft in the mother body, then the independemt life stans. The one unimal
may formis meny buds which grow mio new mdividuals,

Hyibia reproduces asexuatly in anather method which is Fragmenia- " Figure 3.24 Sexually (Me-
tiom and Regeneration, it has been found when bvdm cuf into many pleces guea snd ssexunliy (Palyp) form
most of them renews inio a small size complete hydr. of hvidra

2- Sexual Reproduciion

= Hydra is present in nuture either Monoecious or Hermaphrodite =o the an-
il s ovaries and testes inothe same individual. There are some Rinds of
hvidra separated sex (DMociuas) so the 1estes are in one animal and the oviries
in another animal.

= Hydm gets stimubpled to form ovanes and tesies in certam cireumstonees as
changes in the temperature and raizing the concentration of carbon dioxide in
the water capecially in the scason of aubunmn.
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- Gonads form in shape of bulges which is covered by the outer layer for the
body wall, the testes usually take a cone shape in the upper half of hydra’s
body; the ovaries are sphere structures takes position in the lower half of the
body near the lower disc.

- Testes are formed from inferstitial ccils which are available in the body wall,
and these cells are not differentiated and it may differentiate to form any kind
of cells when is needed. The interstitial cells form spermatogonia which pass-
es through a sequenced formation stage to produce sperms that collects in an
expanded structure which opens out to release the sperms into the water and it
finds its way to the egg.

- The ovary also forms in the same way as testes and differentiates at several
interstitial cells to form oogonia. The size of one of the oogonia increases and
usually the central oogonia increase, which supplied by food from the adjacent
dissolved cells. The oogonia will have formation stages to produce big sized
mature ovum. When the ovum formation is complete, the surrounding skin
layer splits and the ovum remains stuck by the base of the ovary until it meets
the sperms, then fertilization takes place and the zygote is formed.

Figare 3,25 Budding in
hvelra The zygote passes by formation stages which are stuck by the mother
' body and then separates from it after it has been covered by protective layer to
resist unsuitable environmental circumstances, in the season of spring young
hydra come out.

Gastrodermis

Female Hydra \

Mesoglea

L 5 Yaung Hydra e - Intersitial cells

Lt nalching

Epidermis
Ovaries Mesoglea
Gastrodermis
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Protective layer .

- Emboryo formma b
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Male Hydra
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Repronfuction in Planarian

Planaria belongs to tape worm (flatworm) class which includes a big
variety of worms its length varies between 1mm to several meters as in tape-
worm, and its flat body is thin and horizontal as the leaf of the tree or looks like
a tape.

Sexual and Avexuel Neproaduotion tr Planaria
Fidlsevoal ||'|.‘1'|-lrr.-..|'.'.-|'.'.-.-m riv Planaric

Planaria reproduces asexually by Fragrieniation mwnd Regeneraibon,
when the worm is cut into many pieces; these pieces grow and renew to form
new complete worms.

The laboratory experiments have proved that fragmentation represents
a procedure which brings attention in laboratory studies for example if a piece
from the middle of planaria worm is removed it may form a new head and a
new tail by fragmentation.

This piece keeps its original poles, so the head grows at the front side and the
tail grows at the back side. Planaria of fresh water reproduces asexually by
lrinary lission so the animal pinches off behind the throat and it pinches off
more gradually then the animal divides into two individuals, each one of them
complete the missing parts.

Binary fission in Planaria is a quick reproduction method, the animal heads
towards this method when the population decreases.

2-Sexvual Reprodaciion fn Planaria

Planaria is hermaphrodiiic; the same animal has got male and female
reproductive organs. The male reproductive organs consist of many sphere
shaped testes which are connected to the wus deferens. The vas deferens is

connected to peniis on both sides; the penis enters into the gemital clenca.

The semilmal vesiele is situated at the base of the penis. The sperms

formed in the testes and it passes by the vas deferens to seminal vesicle which

remains there until it is needed.

Female reproductive organs consist of two wvarkes and two long -
ducts where many glands connected to them, wierus and wagina where they
are open to genital cloaca. The eggs form inside the ovary and it passes to the
oviduct then into the uterus, the fertilization takes place then the cocoon is
formed.

During the intercourse,the sperms transfer from an animal to another
two intercourse animals or two conjugated animals the reproductive organs are
designed to prevent self-fertilization.

e - o
VR -
ve-.
S e

Flowee 3,37 Asex sl rigrrodmed o

TR ATITTRE '.r| admeanialon and
regenaation) (for study)
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L ‘? Ovary

Yolk glands
= _ Testes
' Oviduct

Vas defrens
Penis
-Genital pore

Figiyre 3,28 Reprodocisve nreans

Seminal vesicle
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Figore 3.29 Reproductive organs
in earthworm { for stedy )

i ir I
L Ranier - 3

Ropraduetiomn in Earifinarm

Earthworm belongs to class Segmented worms, this class is very wide
and it includes around 9000 types and the most common one is the earthworm,
freshwater worms with a few pili, but the sea worms represents most of the
individuals in this class (two third of class individuals).

Earthworms reproduce sexually and it is hermaphroditic, so the male
and female reproductive organs are in the same animal.

Male reproductive system consists of the following:

a. A Pair of small testes which are positioned in the each body segments 10
and 1.

Is. A Pair of sperin funnels each one is represented by funnel structure situated
near each testes.

¢. A Pair of vas deferens extends into segment 15 and each one of them is
opened into a separate hole on the abdominal surface for that body segment.

il. The testes, sperm funnels and the vas deference of each side gets covered by
three seminal vesicles, the total is three pairs of seminal vesicles for each side.

The immature sperms transfers from the testes to get mature inside the
seminal vesicles, then passes into the sperm funnels then into the vas defer-
ence finally into the male genital openings in the body segment number 15 and
comes out during the intercourse.

Ovarian

funnel Vas
deferens

Oviduct

Testes Seminal

funnel
9 10 11 12 13 14 15

G
'_.. B
_ Ovary
Seminal Seminal Egg
receptacle vesicle sac

emate reproductive svsicin oSl al the [ollowine

in. A pair of small swaries which are situated in the body segment number 13.
Ih. A pair of fimbrea funnels which are situated near the ovaries within the same
body segment and it extends to the next segment.
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¢. A pair of eviduets which extend to the segment number 14 and they are open
separately through the female genital opening on the abdominal surface for the
body segment number 14

d. Two pairs of aperinmthecn (seminal receptacle) in the segment number 9
and 10, the first pair opens into the furrow between segment % and 11l and the
second pair opens into the furrow between segment 11l and 11.

Imferconrse im Eartfpvorm

The intercourse in earthworm usually happens during the night and
especially in moist hot climate in the seasons, spring and summer. During the
intercourse each one of the animals extends the front side from the hole which
they are located in, so the abdominal surfaces of the two worms are faced to
each other in opposite directions, so the Ssaddle area (clitellum) for each worm
will be opposite the spermatheca openings of the other worm.

The two worms attach to each other by mucus which is secreted by the
saddle and the body of each worm will be covered by mucus layer from the
segment 8 to the point before the saddle.

The two worms exchange the sperms which are released from vas def-
erens opening that is located on the abdominal surface for the body segment
number 15 from each worm, the sperms of each worm goes under the mucus
layer towards the saddle to enter to the opening of the spermatheca for other
worm (the fertilization is cross, that means each worm gives its sperms to the
other worm during the copulation).

The saddle in each worm starts excreting mucus substance to form
mucus tube on the saddle called cocoon.

As a result of moving the cocoon slips and while passing the
body segment number 14, which the oviducts openings are, so it release off the
eggs inside cocoon and when it arrives to the seminal receptacle openings it
releases sperms in it, in this case the cocoon contains the eggs and sperms.

The cocoon slips off on worm’s body to be free completely,
after that the fertilization takes place. The cocoons gives off in moist soil,
inside the cocoon formation of new individuals start without passing caterpillar
stage, after two — three weeks the cocoons split and new worms similar to
adults comes out.

' Figure 3.30
f" Sperm chanel | 1 Intercourse and coccon formation
i in earthawwerm (fer study)

Oviduct

| i3

Existing
earthworm =3

\ | 5)
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::::'\.
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{ _-.“d___,.r;. Cocoon
2
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Repradduciion in Ihsecis

Insects show big differences in reproductive systems and reproduction
methods; this difference comes of a huge variety of insects. It’s the most vari-
ous animal group, and includes nearly a million types.

Insects usually aredioecious, the two sexes are separate into male and
female, most female insects are bigger size than males, there are other differ-
ences between male and female which are colour, having wings or not, shape
of antenna and the legs.

Keproduciive organs in leseciy

The reproductive organs in male and female are not differentiated until
the growth stage after embryo formation is completed, different kinds of insects
have different reproductive systems, in general reproductive organs in insects
divides into two parts:

1. The inner reproductive organs, consist of gunmils and a group of exported
canals and some supplements like glanls, spermatheca and some other.

2. The external reproductive organs, this represented by ovipositor in female
and ¢opralivtbion sppariius in male.

I-Male reproductive spstem in fnsects

4 WisTw Clarmrinty il prgards garmid B wirnie o

I. Two testes which are located above the digestive tube or on its side, the testes
in insects consist of group of small tubes called seminifermus fubules,

X. Seminiferous tubules opens into small canal on the same side called vmux def-
erens, the front part of vas deferens is connected to the testes, and the back part
is connected to the seminal vesicle which represents wide area of vas deferens.
A. Two vas deferens unites to form gjaculatary duct which extends into the
penis, and this opens in the end of it to the reproductive opening which releases
the sperms from it.

4. Two accessory glands which located in the beginning of ejaculatory duct and
they secrete mucus liquid which surrounds the sperms and it forms sac struc-
ture around it called sprermm sie.

Lo metle reproducinve systermn in fnsecis
smile reproduchive system consists of the Lollowing ports and strociores;

I. A pair of smwaries, each one of them consists of a number of ovum tubes
called ivarlinlie= and these tubes don’t contain a vacuole, ovarioles contain oo-
gonia and oocytes. And also contain nurse cells for their (oocytes) nutrition.
1. Two oviducts on the sides and the back part of each ovary are connected
to an oviduct on each side. Two oviducts on the side unite to form the main
oviduct into it.
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3. Seminal receptacle; this is a sac structure belongs to female reproductive
system in most insects and some insects have two or three seminal receptacles
usually a gland connects to the seminal receptacle called a ghuiid al seiminl
receptacle which secretes a liquid to keep the sperms while it stays there. Sem-
inal receptacle connects to the back wall of vagina and it receives the sperms
during mating after that it releases them to fertilize the eggs.

Accessory glands, these are represented by a pair of glands which are
connected to the end of it to be open in the vagina. Vagina; is the back
part of the reproductive system where the main oviduct opens the function of the
accessory glands varies in insects, in some insects the accessory glands are
responsible for forming the ovisac as in cockroaches it is also used as defence
as in bee and in ants the accessory glands are used to mark its path. CO”](TO?
oviduc

= erfidr=ad perrr daanid reprod acinom

Fertilization takes place when two adult insects male and female from Seminal
the same type meet and then mating will take place. During mating the male receptacle
reproductive opening flops on female reproductive opening, so the male ejac- -
ulates the sperms into the vagina and female releases its mature eggs in the Accessory gland

vagina too, the sperms fertilizes the eggs. ; - y
Figure 3,32 Female reprodsetive

Female insects usually lays its zygote in places which have suitable “***™ ! anin

environment for its growth, it lays the eggs in holes which it digs them by ovi-
positor or sticks them on plants leaves, or lays them in holes,
In this case the insects called oviparous, and the reproduction defines as svipary.

There are some insects lays larva instead of eggs, these insect called
viviparous and can be uvay viprrinls, this kind of insects keep the zygote inside
its body certainly in the oviducts, the embryo will grow and develope and
the egg. hatches then the small insects come out.

Posterior vena cava

+¢ ,Fatbody

Repronfuciion in Frog I -E-Testis

sents the example which explains the strategy of body forming in quantic feet.
Frog reproduces sexually; we summarize the contents of male and female re-
productive system in frog and also reproduction in frog.

I Male reprradctive systemn in Frog,
Male reproductive system in frog consist the following;

A pair of testes which are attached to the kidneys, the testis stretched >}
egg shape structure, and its light yellow, it connects to the inner wall for the "‘-.,H‘
body by meserchium. There are many finger shape projections near the front
end of the testes, these called fat body. It represents food store, the animal
use it for the growth of the testes during the winter season. Testes contain
wiggled seminiferous tubules with internal wall which is responsible for sper-
matogenesis.

Flaire 3,33 hMale reproductive

syt In Feag {loe stuily )
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Vi elferentin, numbers of them are 10-12 which connects to semi-
nifergus tulules, and it connects to kidneys tubules.

Two vas deferens these are joint canals with kidneys canals therefore it
they called  wrmzenitul ducts, they transfer the urine and the sperms and it
opens into the elmaci, in some frogs the back part of vas deferens can expand to
form seminul vesicle the sperms will be stored in it. Frogs don’t have external
male mating organs.

2. Femuale Reproduciive system in Frog

Two ovaries which are located near the kidneys, they connect to the
inner body wall by mesovarium, the ovary in frog is irregular sac structure
it appears as a sac with multi-clove. And its colour is black to grey, there are
adipose bodies in the front end of the ovary, as in male, the two ovaries will
be expanded a lot during the reproduction season.

The eggs formed from germ cells which is in the lining of the ovary through
oogenesis.

Two oviducts, the oviduct in frog is wiggled, long, white tube and it
doesn’t connect directly to the ovary, the front end of each oviduct is a funnel
structure with fimbrea opening, the function of fimbrea is represented by mov-
ing the eggs to the back. There are glands in the inner layer of oviducts which
secrete albumin layer around the eggs while passing in the canal, the back
end for each oviduct will expand to form ovisac which the eggs are collected
before it gets released. Oviducts are open by two seperate openings in the wall
of cloaca.

Mating and Fertilization in Frog

Sexually mature frogs gathered with each other in reproduction season
which is usually in spring season, they are available in the lakes with shallow
water, the male frog hugs the female by its front parts, the first finger in male
is expanded to form mupilal pmd which helps to hold the female, the frogs
stay like that for period of time, so the male presses on female’s body, then
female starts to release its eggs in the water, and at the same time male starts
to ejaculate sperms on the eggs, so fertilization takes place, and usually the
one egg will be surrounded by a big number of sperms, but only one sperm
succeeds in fertilization, and then the zygote will be formed which represents
the beginning of forming a new animal.

Fertilization takes place outside the female body, this is called external
fertilization. After that the zygote will pass by cleavage stage and fmilpule
forms which it has tail, with growth progress and having morphology chang-
es, the tadpole will lose its tail and the gills which will have lungs instead to
achieve respiration in adult frogs.
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Repreadwetive Spxeon in Human

As the case in most vertebrate the sexes in human also is separated,
the reproductive system in human is more complicated than other vertebrates;
we will study the parts of male and female reproductive system and the function
of each one.

Maile reproductive system in Human

Ejaculatory
duct ,

Vas Deferens |

Fignre 136 Male reproduciive
svatem in human

Testis

Male reproductive system in human consist of reproductive organs and acces-
sory glands.
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Table 3.3 Explains content of mal
reprodoctive svsiom and Tonciion

of each one

Chapter -3

ORGANS FUNCTION

A. REPRODUCTIVE OR-
GANS

Produse sperms and scxoal hor-
LS.

1. Tustes (2] they are located (n Sc

rotuwm outside of the body to per-
form their function at available
temperatire,

2. Epididymis (2] [he place to store the sperms,

‘we

- Vit Diefierens (2) Sperms movement.

4. Ejuculstory Puct (1) Deélivers the sperms to the penis.

N

Ponlis {1} Intercourse organ,

B. ACCESSORY GLANDS

Secretes Hguid o the sperms and
it secretion makes big parl ol se-
imen hguid

1. Seminal Vesiele (2)

(55

. Prostale Gland (1) mecretessomeal semen liguid

3. Bulboarethral Glands (2) alzo | Secretes mucus liguid  helps the

n:..j“a-"d { W e s Lalanals. .‘ipL"l‘H‘. 0O IMOve Bhsi 'I'Il_‘l.['!l'.'i (L8]

equalize the acidity of the liquid

which the sperms get produced

Sperm Formafion

The testes in human is an oval shape it contains semikii{iruis
tubules, and the length of seminiferous tubules all together is about 151 me-
ters.

In the seminiferous tubules spermuatogonia forms which will increas-
es in size and divides normal division to form two primmmry spermminey tes and
both of these cells are bi —chromosome group (2i}.

Primary spermatocytes undergo meiosis to form secondary spermato-
cytes and these cells are haploid chromosomes group (i1, followed by second
meiosis division to produce early spermatiils which are haploid chromosome
group (m), and these differentiate to form sperms which is also haploid chro-
mosome (n).

Mature sperm differentiates into three parts: hewd, middle picce and
tail, the head consists of nucleus and a head cover which contains the sacru
some in the front part, it is thought that the function of acrosome is forming
materials with enzyme nature, the egg membranes get dissolved by this ma-
terial in the area which sperm meets the egg so this facilitates the passing of
sperms to the egg surface, and the middle piece contain an axil of longitude
tubes, it is believed that it controls the movement of the tail.
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2- Femufe reproductive sysiem in uman

Female reproductive system in human consists of two ovaries, two ovi-
ducts, uterus and a vagina.

The ovaries contain thousands of eggs and they are usually smaller
than the testes, each egg grows inside a follicle called grufiiun fullicle and
this grows and increases in size, until it explodes in the end to release the ma-
ture egg. During woman’s fertility period, about 13 eggs get matured every
year, so about HI-4iil eggs only gets a chance to be mature and the rest

of the eggs are dissolved and absorbed.

The two swiducis are called Fallopian tube these tubes to carry the
eggs, the front part of them has funnel shape openings to receive the eggs
which it releases from the ovary after ovulation, oviduct has a fimbrea lining to
push the eggs in its way.

Oviducts open in the upper sides of uterus, which specified to keep the
embryo during the nine months while staying inside the uterus.

The uterus has a thick muscular lining, and a lot of blood vessel and
specialized lining.

Vagina, this is represented by a muscular tube ready to receive the
embryo after it exits from the uterus; it’s also specialized to receive male organ
during the intercourse.




Figure 3.39 Female reproductive
syibem in human | for stody)

Table 3.4 Female reproductive sys-
fermn womil thelr fupetion in hommn
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Fallopian tube

Urethra

Uterus

Uterus wall

Endometrium
(inner layer)
Cervix

2. (Wwiduets (2) This is called Fal-
lopian Tube

Transferring the eggs from the
ovary to the uterus and usually
the fertilization of eggs takes
place in it.

T TFE3% tha phece o Tes e
3. Uterus (1) . dl: Hhy ssibig i
BN
[t secretes mucus material to help
- sperms to move inside the uterus.
4 Cervin (1) After fertilization it protects the
embryo from bacterial infection.
5. Vagina (1) 1t is the female intercourse organ,

Fertifization and pregnancy

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

The sperms swim from vagina towards the cervix then enter into the
uterus then ascend to the Fallopian tube, where the fertilization takes place if
there was a live mature egg in the upper third of it. If mature egg descended
to the lower part of fallopian tube before the fertilization it loses its ability for

fertilization.
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The mature egg gets fertilized by one sperm only, after fertilization
the zygote formed in the fallopian tube, and then it starts to go down until it
reaches the uterus where the embryo is implanted in the thick lining of the
uterus. Embryonic membranes grow to form a sac which surrounds
the embryo and it contains wmin lstie Muid.

At the end of implanting the embryo to the uterus lining pregnancy
stage will start and the eurgius luteiin continues to secrete prgesterume hor-
mones after the 26™ day of menstrual cycle until the fifth month. So it lacks the
ability to form enough amount of this hormone to continue the pregnancy, the
placenta replaces, and it works as endocrine gland to give enough amount of
progesterone hormones to the lining of uterus directly instead of secreting it to
the blood.

The embryo will be ready for birth after about 9 months of the begin-
ning of its growth. Before the birth the placenta will stop to produce proges-
terone hormones, the uterus starts to contract, and this is the first sign to start
the birth, then the cervix expands and the sac which contains the fluid will
split. Then the liquid comes out and the uterus starts to contract strongly and
consequently to push the baby outside the uterus through the cervix then to the
vagina and then to outside of the body.

The size of the breast in women increases during the pregnancy, the
milk gland secretes the milk as a respond to the effect of the hormones.

Wirrssiraa! ©yvele

In the reproductive system of sexually mature female, periodic chang-
es happens, these changes start when the female reaches the adolescence age
I 2-14, these changes happens within mensirual cvele,

Menstrual cycle includes changes happens in the ovary which leads to
ovulation and explains the main roles for ovulation and the growth of ovarian
follicle, and also changes in the lining of the uterus, the table (3-5) explains the
events of imvarkan Ch cle and wierine cvele.

I-thvartan € yel

The Ovarian cycle is controlled by Lisnudustropic Hormomes, Follick
Sllmulaling Hormone iFsH ) and Luteinizine Hormone {LH)L we summa-
rize the events of ovarian cycle as the followings:

g, Early Follick: forming stzge; It contains oogonia which are diploid (2m),
and the first meiosis starts.

I, Primary Follicle Tormibne sigze; A non-cellular membrane called zone
prelluelda starts to forms around the egg.

¢, mecondary Follicle sitape, the vacuole of follicle appears with full of secre-
tions from the follicle cells, blood plasma contents, protein and others.

b, Blarore Follicle siape, the follicle gets mature and the first meiosis complet-
ed, the secondary oocyte and a primary polar body forms.

e. Uy ulation stape, the follicle splits, then the secondary oocyte and first polar
body releases.

{ P | arjigs Lonigcinn Tormidsl bor sEEse, COI‘pUS luteum forms from the follicle
remaining. (The Corpus Luteum dissolves when the woman is not pregnant).
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Primary Follicle  Secondary
forming stage Follicle stage
Starting of follicle

formation

Mature follicle stage

Corpus Luteum
changes into
corpus albicans if
fertilization doesn’t
happen

‘ - -
Figure 3,40 Ovarian cycle Corpus luteum
stages in sexually mature | -
human female

Ovulation stage
2- Uterine Cyole

Female sexual hormones in the svurian evele produces estrogen and
progesierane, these hormones effects the internal lining of the uterus enilame-
triwan and this causes periodic events called uterine cycle the period of
this cycle is 28 days and it divides as the following:

I. Between the days 1-5 the level of sexual hormones is low, this leads to tear
the lining of the uterus and its blood vessels, and the blood comes out by the
vagina during the monthly period.

1. Between the days 6i-11 the ovarian follicle will increase producing oestrogen
hormone, the internal lining of the uterus thickness and becomes rich with ves-
sels and glands, this called reproduction stage, the ovulation usually takes place
in the day 14 of the 28 days of cycle.

1. Between the days 15-18, the corpus luteum increase producing progesterone
hormone causing double increase in thickness the lining of the uterus and in-
creasing uterine glands which produces mucus secretion, this called secretion
stage of the menstruation cycle.

The internal lining of the uterus in this case will be ready to receive
the embryo. And if there isn’t pregnancy, the corpus luteum disappears and the
level of sexual hormone decreases in female’s body and the internal lining of
the uterus tears, then the monthly period takes place.
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Parthenogenesis

Parthenogenesis is type of reproduction which the embryo grows from
non-fertilized egg. This kind of reproduction happens in the aphids, insects and
in many kinds of fishes, amphibian and desert lizards.

Parthenogenesis is common in honey bees, the female of bee or the
queen gets fertilized by the male once in its life. It keeps the sperms in a sac
which is connected to the reproductive passage, closes by muscular valve,
when the queen bee lays her eggs, it opens the valve to release the sperms, so
these sperms fertilize the eggs or it keeps it closed,the eggs will grow without
fertilization and the fertilized eggs become male.

In some cases the parthenogenesis is the only type of reproduction, there
are certain gathers of Whiptaillizards which lives in south-west of America and
their individuals are female and these females are diploid (2n). So, because their
chromosomes doubles it self before meiosis division to be tetraploid chro-
mosome (4n) and after the division it becomes diploid, these eggs which are

diploid grow without fertilization .

Table 3.5 (hvarian evele and wlering
iyeche in humun
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Hermaphroditism

Many types of animals has male and female reproductive organs in
the animal, this kind of animal called hermupliradite, therefore the one animal
produces eggs and sperms, usaully most of hermaphroditic animals avoids self
fertilization but tapewarm have ability to fertilize itself (sell fertilization).

Although it has male and female reproductive organs at the same time,
but it fertilizes its eggs by sperm of conjugated animal or vice versa. There
are some hermaphroditic animals avoid self-fertilization because growing and
maturing of eggs and the sperms in different times. On the other hand the tape
worm has the ability to do self-fertilization, so its sperms fertilize its eggs.

Hermaphroditism has different shapes in many invertebrate animals
like some hydra, flat worm, annelids and some types of scale. It seen in some
kinds of fishes but rare in other vertebrates.




Reproduction

(0.1 Write the suitnhle sciontific term in each of the follewine

) cells which are produced by mitosis from the primary germ cells which are lined for the seminiferous
tubules.

2 unicellular organism is from green algae, and its green cell has got two flagella.
3 it is egg shape or cylinder sac structure and it has pollen inside it.

4. ... has a green colour heart shaped structure and carries Archegonium and Antheridium.

S5 are expanded stems store the food and grows under the ground.

6. is vegetative propagation method, the branch remains connected to its mother and it buries under the
ground.

0.2 Mention the location and the lunction ol the followine

Acrosome, Interstitial cells, Corpus luteum, Accessory glands, Prostate glands, Fallopian tubes, Sporophyte, Stigma,
Micropyle, Torpedo stage.

l:_:l _'- L |||'||||.|I|' 1|.L'F'.'\--|'-|'-| I|||' Tiallurss i||_lh'\1

. The donor cell and the recipient cell in sexual reproduction of bacteria .
. Archegonium and Antheridium.

. Sepals and Petals.

. Cross pollination and Self-pollination.

. Artificial fruits and natural fruits.

. Compound Fruit and aggregate Fruit.

. Reproduction by stolons and reproduction by Rhizomes.

. Oviparous insects and ovoviviparous insects.

. Conjugation and self —fertilization in Paramecium.

O 02NN hA W=

LA Comjplete the lollowings.

1. The sperms form in ...............oovenin, which consist of big number from.......................

2. Reproduction in viruses happens through two integrated cycle first one is ............ cycleand.....................
cycle

3. Paramecium reproduces sexually by .................... and....coooi

4. Anthocyanin pigment accumulates to mature fruitasin .......... and ...

S. The ideal life cycle in hydrozoa are in two stages..............oovvvvnnn, and...............

6. Planaria reproduces sexually by.........ooooiiiiiiii

7. The reproductive organs insects are two parts ................. and ...

8. The length of seminiferous in human testes iS......o.vvivvivvirerreneeneninnen.
9. Mature sperm in human divides into three parts are........

0.5 Definse the following selentific terms,

Double fertilization, multiple fruits, pollen tube, nuptial pad, Graffian follicle, parthenogenesis.
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(L6 Choose the corvect answer Tor eneh of the Tollewhngs,

1. Hydra reproduces in many ways except:
a-budding c-fission b-regeneration d-gametes

2. Alternation of Generation appears in life cycle of:
a-Bacteria c-Amoeba b-Plasmodium d-Polytrichum

3. The number of spermatids that formed at the end of spermatogenesis is:
a- (4) c- (6) b- (2) d- (8)

4. Bacteria reproduce asexually by:
a-Budding c-Regeneration b-Binary fission d-Spores formation

5. Paramecium reproduces asexually by:
a-Binary fission  ¢-Budding b-Regeneration d-Spores formation

6. Which one of the following organisms doesn’t reproduce asexually by bina-
ry fission ?
a-Paramecium c-Euglena b-Bacteria d-Black bread mold

7. Hydra reproduces asexually by:

a-budding and binary fission

b-budding and fragmentation and regeneration
c-spores formation and binary fission
d-fragmentation and regeneration

8. The shape of leaves vein in the plants with double split is:
a-netted c-vertical b-parallel d- crossed

9. One of the following organisms reproduces by fragmentation and regen-
eration:
a-Planaria  c-Bacteria b-hydra d-none of them

().7 Write o summary aboul each of the folowings:

1. The role of the bees in plants pollination.
2. Cleft grafting
3. Male reproductive system in frog

.8 Write swhail veu know about the Tollewings:

1. Explain the steps of asexually reproduction in bacteria by a diagram.
2. Alternation of Generation in plants reproduction.
3. The steps of tissue transplantation for the date palms.
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4.The events of uterine cycle in human female.
.9 Expliain whaol happens In the ellowing cases:

1. Disappearance of corpus luteum in forth month of pregnancy.
2. The location of testes inside the human body.
3. Absence of cilia in the lining of fallopian tube.

Q.10 Explain by a disgram with writing the data:

1. The stages of sperm formation.

2. The three layers of the fruit.

3. Reproductive system in Planaria.

4. Male and female reproductive system in insects.

310 Justify wnd exploin the following facts {write cooses):

. Reproduction enables the survive of species.

. Alternation of Generation is the best way for reproduction.

. Only some members provide reproduction process in some species.

. In asexually reproduction some organisms disappear when the environmental conditions available.
. Human usually uses artificial fertilization.

. Production large number of pollen grains.

. Presence of micropyle in the ovary and the seed.

- Presence of Cowper gland, prostate gland and seminal vesicle in the male reproductive system.

o 00 N N AW N =

. Viruses are able to grow and reproduce inside the living cells, but it loses this ability outside.
10. The tail of virus secretes enzyme when attaches to the bacterial cell.

11. The farmers advise to have bee hives in their farms.
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Embryonic Developmen
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‘elopment in Amphioxus.
alformation in humans.
ths and twin Formation.

Stem l."'
Cloning in Animals.
Infertile treatment techniqu




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- Explain the stages of embryonic growth of Amphioxus.
8- ldentify the factors lead to congenital malformation in
human.
O- ldentify the types of twins.
10- Define the Stem cells and their types.
11- Explain the concept of cloning.
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Embryonic development or the growth is worth to give attention. In many cases it
leads to wonder, so how is the tiny human egg Its diameter is one hundrend
micrometer and it is not seen by naked eye becomes a complete organism
which consists of billions of cells and each group of them achieves functional
role. Embryonic development includes growith. and differentiation which
are basic characters of life.

| §iTY yuesiion ix “How the [orpuwiion ol complete arpanism can be per-

formed Treom single eolbF

To answer this question, we say, all the necessary information is avail-
able inside the zygote, mainly in the genes of nucleus. All the stages of embryonic
development controlled by DNA particles which located inside the zygote.

Growth can be defined as an increase in size and weight of cells of
organisms. The tissues are made up from a large number of cells which play the
main role in the stages of growth, the growth of the organisms occur byone
of the following methods:

I-Cirwth by cell reproduction or cell duplication, that’s achieved by forming
new cells by division.

2Z-Interstitial growth, this kind of growth means is the increase in the cellular
substance which found in construction of tissues as intercellular substance in
connective tissue. Hyaline cartilage cells grow and differentiate into mature
cartilage cells which secrete interstitial substances. This forms the base mate-
rial of hyaline cartilage tissue. This represented by ehwndro-mucopraicin so
the cartilage grows by increasing its interstitial substances.

3 The growih of a single cell; this kind of growth is rarely happens, it is
growth in size of the cells, for example the growth of nervous cells; it increases
in size and multiples of the original size. That’s because the increase in the size
of cytoplasm through new organelles formation, and also the growth of den-
drites in the nervous cell which increases the surface area of the cell.

Cell differentiation is defined as the ability of embryonic cells in the ear-
ly stages of embryonic development to get functional ability, this means functional
ability of cell or a group of cells which other cells can’t do it. For example con-
traction in the cell or fiber muscle is special functional trait for muscular cells,
can’t any other cells do it, and also secretion which happens in the glands cells.

Although there are some recognized factors which play roles in di-
recting some cells in differentiation but the procedure of differentiation is not
understood completely.
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Level of Orvgamization in Animals Complexiny

L opnnieaany is regarded as one of important characteristics in history
of animal development, so the simplest unicellular animals have much more
narrow field in complesiry 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 level of organization, and they are ordered in a
way so each one of them is more organized than the previous one as following:

A-Protoplasmic level of organization

Protoplasmic organization is clear in unicellular organisms as Protis-
ta. In these organisms all the vital activities take place inside the one which
represents the main unit of life. In the protoplasm of the cell some organelles
specialized to do special functions.

B- Cellwlar level of orpanizaiion

In this level of organization we see division in the function, that some cells
are specialized for reproduction and others for nutrition as in colony of volvox.

- Trisne level of Brganization

In this level of organization, the identical cells group gather to form a
tissue. Scientists think that sponges belong to this order in level of organ-
ization.

D-Level af orgamized fissoes

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

E-Level pf wrgur systcm

In this level, the organs work together for a certain function, reaches
to the highest level of organization which is organ system, the systems do the
main function for the body, like blood circulation, respiration, digestion, and
others. Organization shows the top level in human which is at the top of the
development pyramid of the organisms.
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Epithelial tissue

Ciliated columnar
E.T.

Simple squamous
E.T

5 Simple columnar
E.T

Simple cuboidal
E.T

Stratified squamous
E.T

Muscular tissue

Loose connective Cardiac muscle

tissue
.
Bone tissue |'L_ iy

'.i

Smooth muscle

; i = Skeletal muscle
Figure 4.1 Tissues in human

i i
body (for study) Dense connective

tissue

Coneept of embryonic development

Embryvome desvelopmeent defined as forming the organism from one
cell which represented by zygote, until formation completed to become a mul-
ti cellular complicated structure, similar to the parents.

Fmbirvalugy is the science which studies the embryonic development
which includes the gromith and differentiation and develapment

During the process of embryonic development, murjhogemesis take place,
which is appearance forming of the embryo; the main steps of this process
are similar in embryos of all vertebrates. It is necessary to point out that focus-
ing only on embryo development is insufficient which represents Pre-metamor-
phosis in amphibians, and pre-hatching stage in birds, the stage of pre-birth
in embryonic animals, but it continues to other stages involves the growth of
the animal in living stages, for example in embryo of the frog after the organs
formation.
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After the hatching, the tadpole doesn’t ook similar to the parents; it undergoes the stage
of metamurphosis which includes quick changes in the body. So the tadpole
with tail which feeds on plants in water changes to a small frog which feeds
on meat on the land. Metamnrplssis happens in insects too, in the mammals
the new born is similar to the parents, the first step in the growth of
the new born start, so cartilage replaced by bones, and these bones
continue growing for a certain time, also some organs not perform its functions
functions for a certain time for example s uries and lesies in human.

Crpinions and Theorey A00uUl Embryonic development

Embryonic development has taken scientists and researches attentions since long
time, and their first question was;
What was the provedure which contrals forming o aew seganksm
ihat i simiblar 1o the porenis?
The scientists were unable to explain many points in the formation of embryo,
as human creation is the secret of human existence.

In the fellowins there are ConeEply gind theoiries shaul Emllr,-'llilup;:f':

1. The Greek philosopher Hippacrates in the 5™ century (B.C.) established the first
qualitative notes about embryonic development for chicken, and then followed
him the Greek philosopher Aristatle (350 B.C.) who is regarded as the embryology
founder. described embryonic development for the chicken, at SO mentioned
that the parts of the embryo is formed according to the egg contents, he relied
on his sight in this description by that he found Dheseriptive Embaryalogy.

2.When the scientific method was approved in the explanation of natural
phenomena in the 17™ and 18" century, the science developed including em-
bryology. After discovering the microscope, the scientist ke Giraul in (1672
AC) introduced a description for awmrian lollicle. The scientist e enhoek
described the sperm in (1677 AC) the ideas established which had role on the
progress of embryology.

A, Pre-formation Theory: The supporters of this theory assumed that there is
a minimized embryo inside the egg called Humunculus and its parts get big-
ger when stimulated by seminal liquid. The attitude of these scientists was
proved when the scientist Bonnet in (1745 AC) explained the ability of some
eggs to grow by Purithenugenesis without fertilization in some insects.

The other I*re-furmution 1hesry supporters group assumed that there
is humimmendius in sperm’s head, so they proved that seen homunculus was
inside sperm’s head by using Leeuwenhoek microscope.

Figure 4.2 Homunculus
Then the scientist Spallanzani explained that forming new organism inside sperm cell (for study)

needs male gametes and female gametes.

4. Eplgenesis Theors. this theory assumed that the embryo is made of a granu-
lar material inside the egg and it turns gradually into an embryo and this theory
belongs to scientist Welff.
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5. The scientist Karl Ernst Von Baer set the “Von Baer Law™. This scientist
pointed out that the general characeristics in the embryo of chordata appear
before the specialcharaceristics in the animal of that group, for example the
appearance of notochord 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.

Von Baer is one of the scientists who did a lot for embryology.
He compared the embryonic development in different animals in his studies
which named as € wparutive Fuibey nlogy,

fi. Experimentul Thesries: these are the theories depends on having experi-
ments to explain embryoinc development.Scientist Roux (1888) is the first one
who did an experiment on the egg of frog in the first cleavage stage by killing
one of the blastomeres by very hot needle. The formed embryo was incomplete
and then the embryology entered into a stage called Faperimenisl Fuiliyol
ogy.

Experimental embryology led to discover the Embiryonic Induction
in the thirties of the last century. Which means, the ability of certain tissue to
differentiate after receiving the induction signals which make it ready for dif-
ferentiation, for example the differentiation 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 was discovered by the
scientists Spemann and Helds %angold who did many experiments on the
embryo of frogs, the scientist Spemann got the Nobel prize in (1935 AC) for his
experiments, and then the scientists started to give a big intrest to bio-chem-
istry and physical chemistry in their experiments. Then the Experimental Em-
bryology transferred to the level of molecule then the Mlubecular Embuy alogy
appeared which explains the phenomenon of embtyoinc development according to
the role of bio chemistry by using special machines.The Electron Microscope
had special importance in that.

It is necessary tomention that incurrent time that I're firmmation Thieor
can be accepted that, all information regarding the embryoinc development already
determined and carried on the DNA. Also acceptance of I-pigmniesin iy re-

garding those different organs of embryo forms epigenetically gradually.

l|I||l I Errnin |'.' | I AL Jrark it ||II'| CIrgdeerir il

Embryology doesn’t stop at the end of each stage of formation, but
continues to the next stage, to explain the embryology we divide it as the
following:

I =Formaiion of Sex colls and Feritfizafion

This staee includes:

u- Formation of {sumaels which are able to form reproductive cells.
Is- Producing the reproductive cells when organism reach the sexual maturity.
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¢-Uniting of the ovum and the sperm by fertilization and forming the Zygote. Fer-
tilization is not the end of sexual reproduction but it is the beginning of a chain of

systematic and completed changes which produces new individual belongs to
the same species.

: { III.||'|'I|'.'\_".

It is a chain of frequent mitotic divisions which start from Zygote and
divides into two cells { Blasiomeres) and then into four blastomeres then into
eight blastomeres and by frequent divisions. The zygote changes into a hollow
and ball shaped group of cells called Blastula, the thickness of it is one layer
of cells as in Amphioxus which is from prochordata, or a half-hollow ball
and the thickness is many layers of cells as in amphibians (frog), or becomes a
group of cells in shape of hlastodise which is settled on one of the egg’s poles
as in birds and reptiles.

vl ety i et Fevan :.Ill.."|'|.'.'.|.|.".'|'.'...-.l| il oy L.aver

This is regulating cells according to Murphugenetic Movemenis,
so the embryo in this stage is complicated cellular structure called {aastrula

which forms two germlayers in the embryo of invertebrates and protochordata.

So the embryo is consisting of two layers; Ectoderm and Meseniaderme. (iny-

truln can be triple layers in other embryos of chordata and the embryo consists of

Fietsclerm and Mesoderm and Endoderm
L= flererniafion

In this stage the cells would take certain direction in the operation of
embryonic development. So the cells differentiate in the shape which is suita-
ble with the type of function it does, as in nervous cells. It transfers the nervous
signals therefore Histolueical [¥ilferentinticn happens in it which represented
by acheiving the function through sxomn and dendrites

Sl e g srer i W e T

It is the stage of embryo growth and organizing the cells in
the form 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 to four main types of tissues they are Epithelial Tissues, Connec-
tive Tissues, Muscular Tissues and Nervous Tissues.

f-Stape of Post hafcelnng

It is the stage which the embryo comes out from the egg, as in most
fishes, all the amphibians, most of the reptiles, all the birds and some mam-
mals, or by the birth as in some fish, some reptiles and most mammals. At the
end of this stage the process of Hewunl Muturily starts which ends up by
sexually mature animals (male and female) which conjugate and so on.

19



Figare 4.3 Morphological
structure of amphioxus

( Chapter -4 TR

Embryonic Development in Amphinxus

Embryonic development in Amphioxus has been studied to know the
process of embryonic development in a clear way because it represents the
simplest way.

These processes regarded as the base for embryonic development in the ani-
mals that are more developed than Amphioxus which belongs to protochorda-
ta. Therefore studying its embryonic development represents connection point
between the embryonic development stages for vertebrate and invertebrate an-
imals.

The two sexes are separate in Amphioxus. The gonads (testes or ovaries) lo-
cated on both sidesof abdominal cavity, and no ducts exits out of the gonads,
so the gametes exit at the sexual maturity into Atrium and then the body thro-
ugh Afrispeare into the water media, so the eggs get fertilized by the sperms
at the outside.

Pharyngeal
gill slits

atrium

1- Gametes

Male gametes sperms consist of three main parts; hiwil which is a
sphere shape, then the middle piece which is short and the 1ail which is long.
The egg of Amphioxus is small in size and its diameter is {h.lmm and its (Ai-
crilleeithal) granules of yolk spreads not quite identically in the cytoplasm, the
yolks granules is less concentrated at the Animul Pole. They are more concentrated
at the Wepetal Pole which is at the opposite of it, and also the area of animal
pole has got a nucleus and the egg gets covered by Vitelling Membrane,

2= Fertilization

Fertilization in Amphioxus takes place externally, the sperm penetrates
the egg and the fertilization takes place by uniting the male nucleus with the
female nucleus to form the zygote and an adaptation happens on zygote surface
which prevents entering other sperms inside the egg.



il Embryontc development )

3- Cleavage

About one hour after fertilization, the first cleavage starts by appear-
ance the furrow of cleavage from the animal pole gradually descends towards
the vegetal pole, and its level is longitudinal, at the same time the nucleus of
the zygote divides into two nuclei, each one of them heads towards one of the
sides.

Then the zygote divides into two blastomeres (two cells) then the sec-
ond cleavage follows it. Which its level is longitudinal too, but it is vertical on
the level of the first cleavage and its products are four equal sized blastomeres
this is followed by the third cleavage which is latitudinal just above the equator of the
cleavages towards animal pole, this is because the yolk is available in vegetal
pole with higher concentration. The product of this cleavage is eight blasto-
meres the four upper blastomeres are called mlerameres which are smaller in
size than the four lower blastomeres which are called macrsmeres.

This is followed by the fourth cleavage which divides the eight blastomeres by
two longitudinal levels to form sixteen blastomeres and then the fifth cleavage
takes place by two latitudinal levels and the products are thirty two blastomeres

This is followed by independent cleavages of each blastomere with keeping the
size of blastomeres in the animal pole smaller than blastomeres in the vegetal
pole, and the product of this is a mass of blastomeres which is similar to the
berry fruit called the miorile.

Figure 4.4 Cleavage stages in
amphinxus| for study)

A} Lygote of amphioxos

B) First cleavage

C) End of first cleavage and oo
blasiomere formaution

[¥jsecond cleavage resulr in 4 hiasis
Ejthird cleavage result in B blagis
F)fourth eleavage result in 16 blasis
Gififth clevage result in 32 blasis

E

A= fasiudaiien

The division continues after the formation of morula to
form spherical shaped structure called blastula which has one layer of cells
surrounds a big coelom called blastocoel which starts appearing from eight cell
stage as a very small coelom expands gradually by the progress of division, the
blastula is recognized by the size of the cells in animal pole still smaller than
the cells in the vegetal pole.
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Figure 4.5 Blastalaifon stage In
amphiosus embryo

Blastoderm

Figure 4-6 Gastrulation in
amplioxus (for study)
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S-rasrrafution

Gastrulation is another stage of embryonic development stages in Amphi-
oxus and through this procedure a cellular movement takes place called Mor-
phogeneiie Movemenis, So the blastulation changes from mono-layer embryo
to double- layer embryo in Amphioxus (Triple-layer embryo in the other ver-
tebrates) called f.usirulu which is regarded as First IMiferentintion Phase in
which three kinds of different cells are determined:

1. Cells form Egtoalerm which is externally located.

2. Cells form Endutderm which is internally located.

3. Cells form Mesederm which is intermediate located (between the two lay-
ers).

These three layers called Germ Layers and these are the origin of all
the organs which formed in the embryo of vertebrate. The formation technique
of the Gastrulation depends on the type of the animal; it is less complexity in
Amphioxus than the other vertebrates.

Formation of gastrulation in amphioxus starts when the cells of vegetal

pole of blastula begin flattening and then invaginating. The lnvagination
continues progressing to the inside toward to the non-invaginated part. So the
size of Blastocoel decreases gradually and disappears when it touches the cells
of vegetal pole with the cells of animal pole, and then it gets replaced with a
new coelom called Castrucoe! or Archentersn which opens outside by a hole
called Hll‘n.lul'lm‘l:'.

Blastocoel

Animal pole

\
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Dorsal part of
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Then the embryo is in a cup shape which consists of two layers, the ex-
ternal one called Exctoderm and the internal one called Mesentaderm, and the
Hlasiapore will be surrounded by these layers. They are the back layer (upper)
which its cells called Mufachordal L ells which forms the notochord later and
the lower layer which forms mesaderm and endoderm.

The Blastopore is wide in the beginning of gastrulation and then gets
smaller gradually, and in the end of gastrulation changes into a small hole,
that’s because of embryonic movement in its surrounded layers.

As aresult of pushing the cells of this layers inside, gastrulation which
supports to form the internal layer of the gastrulation which includes the cells
of endoderm, the cells of mesoderm and the cells of notochord, the remain cells
in the surface of embryo represents the cells of ectoderm layer, then the germ
layers forms and the gastrulation expands in amphioxus.

The gastrulation in amphioxus rotates around its axis, so the Anteri-
or-paslerior uxis of embryo forms, so the side of blastopore represents the
back end for the embryo, and the opposite side represents the front end for the
embryo.

Sl Brpaeps Devedopmens in I!.lll.'-nl.':'--'.'n-.

The main organs in the Amphioxus initiate from the germ layers after formation
are completed, and at the beginning of formation they are in a shape of pre-or-
gans. Before considering the details of organs formation,we should know the de-
rivatives of the germ layers in the embryo of amphioxus which is explained in
the following diagram:

ovum Sperm
Zygote
Cleavage
Blastl*ation
Gastrulation
Mesentoderm layer forms Ectoderm layer forms
from it : -nervous tube
-Mesoderm (Somites and lateral mesoderm) - epidermis
-Endoderm (digestive tube and its derivatives)

-Notochord

I here are loar muin componeris i the body of Amphioxs:

- Nervous System
2- Notochord

3- Mesoderm

4- digestive tract
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I-Bevefopment of Nervaons System

After the elongation of the gastrula , the cells at the dorsal regionof the
Ectoderm layer near the Blastopore migrate out, and this migration out extends
on the entire posterior area and it becomes aband shape called Neural Plate
this depress a little bit of the level of ectoderm. As a result of that the
two edges of ectoderm rises, on the sides of neural plate and they join together
above that, then the embryo becomes surrounded by ectoderm which forms the
skin in the advanced stages of embryo formation in amphioxus.

At the same time the middle part of the neural plate invaginate to form
the Mewrnl Cirnowve and the edges on the side of the groove called Mastral Fuslil
each fold faces towards the other one until they meet and join together then the
Mewranl Tube is formed, which surrounds the Mewral Canal or Mewracie|e
The formation of neural tube is called ™ rulaiion and the embryo during this
called as ®ewruln. After the formation of neural tube, their front parts differen-
tiate into Brain Yesicle and the Splunl € ol follows it, which they represent
the Central Nervous System in Amphioxus.

B-Develapmient of Nedochord

Notochord represents the internal structure of Amphioxus, and extends
from the beginning of the head into the back end of the body. Notochord formed
from the middle part of mesentoderm (the internal layer of Gastrulation ) and
these cells forms a groove called Matuehardal Cirnavie which closes up grad-
ually when its sides gets near each other to form Mustorelrdul K. This is
a solid, non-coelom structure, separates from mesentoderm layer and changes
into Notochord which is a cylinder shape, and supports in extending the em-
bryo through the increase in the length.

C=-Develapment of Mesoderom

During the formation of the neural tube, the mesoderm formed from the
back side of the mesentoderm layer by a shape of two grooves which extend
outside, and their coelom is connected with the coelom of the Archenteron,
then on each groove horizontal partitions divide it into small parts. They are in
shape of chain of Archenteric Fooches, and then these pouches separate from
the coelom of archenteron and called as Mlesadlermic Sacs. These sacs grow
on the side of notochord area, a coelom appears in it.

1-The upper part (back) of the sac represents Somite and this differentiate into
three pieces which forms connective tissue under the skin, and the muscular
piece which body muscles formed from it, and the solid piece which forms the
surrounded wall of the notochord.

2- The lower part of mesodermic sac, and it called Lateral Mesoderm which
differentiate into two layers, a layer located under ectoderm called Furieiul
Wesoderm, and a layer which is near to endoderm layer and it called Splancl
b Mesaderm, a coelom appears between the two layers. And then the lower
part of right mesodermic sac meets with its left identical at the middle abdom-
inal line for the embryo, by then their coeloms meet too, this will form one
el for the body of the embryo.
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- Enteron Development

After Notochord and mesoderm get separated from mesentoderm lay-
er, the remaining part of this layer represents Endoderm which its edges from
the two sides grow towards the middle back line. Then they meet at the middle
line, then Enteron, the intestine and its derivatives are formed in amphioxus
and by the progress of the embryo development, the hole of the mouth and the
anus forms.

Neural plate

Neural groove
Notocordal | s

Neural groove
/ Neural fold

Mesodermic

Mesodermic

Neural tube
Neurocoel

Notocord

Lateral
mesoderm

Gastrocoel
endoderm

{ectoderm)

Congenital Malformation in o Haman

The embryo of human may dispose to congenital malformation. It represents
the structural faults as a result of abnormal formation of the embryo organs or
the body system and ( Teratulogy) takes care of that.

IThere are many fuctors cousing the embryo malformation, this ean be
survmariced in fwo main groups:

I- Genetle Tuelurs, including the exceptional of body chromosomes, as in
hswin &y milrsmie which show malformation in the feature of the face, mental
disorder and malformation in the heart.

2- Environmental factors, includes many factors, the most important one is
the effect of radiation which causes many malformation such as malformation
in the nervous system, direct exposure to radiation causes congenital malfor-
mation.

Figure 4.7 Cross sections from
embryonic development in am-
|.'I-|'|i£|-‘.li Lt l;::r.|11ui||5 the fermation of

Mevsal tube, Motocon!;, Mesoderm
and Gur(for study)
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It is passed on to future generation and also exposure to radiation ef-
fects the fertility and causes partial or permanent sterility, this depends on the
dose of radiation and exposal period of time and the age of the person.

Drugs are one of the factors that cause many embryo malformations
such as malformation in the nervous system and the skeletal system, split lips,
cleft and others. For that reason pregnant women should not take drugs without
doctor’s permission.

The first weeks of pregnancy is regarded as a critical period of embryo
development.

The embryo is connected to the mother by Placenta inside the uter-
us, which helps transferring the food, oxygen and the other material from the
mother to the embryo, so whatever the mother eats or gets any infection or
illnesses it goes to the embryo. So the mother harms the embryo if she doesn’t
take care of her health, the mother should take care of some issues so the embryo
does not get affected:

1. To avoid smoking because it affects the child’s weight and causes a decrease
in oxygen levels and raises the carbon monoxide level in both the mothers and
the embryos blood and the placenta which causes an unhealthy environment
for the embryo. Smoking also causes an increase in miscarriage and premature
birth or embryo death, the effect of smoking continues beyond the birth of the
baby causing infections in trachea, and asthma and others.

2. Reduce taking caffeine in coffee because over taking it harms the embryo.
3. Avoid taking the herbal medicine without doctor’s consultation.

4. Alcohol affects the embryo; it causes nervous disorder and body malforma-
tion especially in the face, also behaviour disorder, and alcohol cause Fetal
Adeahol Svnidlrnme which appears in European society.

5. Mother should avoid been effected by Tuxaplasminsis because this causes a
dangerous malformation for the embryo, that’s by cooking the meat very well,
and don’t expose to stool of cats.

fi. Pregnant woman should take Fulic Arid during the pregnancy because it re-
duces the malformation in the nervous tube, also she should treat all the disease
such as diabetes, high blood pressure and epilepsy under medical consultation.

It is possible diagnose the embryonic malformation for the embryo,
before birth by using Ultra sound Scan and having blood test for the mother to
research about the certain protein levels which have relationship with causing
malformation, also test the embryonic cells to be certain about the chromo-

somes by taking a sample of the liquid which is around the embryo or from the
Fi it lins in | placenta.

P AU T I S Diagnosing the cases of malformation is tmportant, such as in a case of
not completing maturing the lungs and helps it to do the respiration function,
by giving the mother a special drug before a certain time of birth. In some ad-
vanced medical centres, they may do surgery for the embryo inside the uterus,
to treat some embryonic malformation, this method need special study before

the surgery because it can be dangerous for the embryo.
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Multiple Birth and Twin Formation

Some Futheria (Placenta) have structured adaptation to have
pregnancy with more than one embryo in each pregnancy, this is called mnilti-
ple cmbiryvos or muliiple birihs, so many eggs release from the ovary and after
its fertilization it implants to the lining of the uterus in certain destinies. In hu-
man the female gets pregnant with one embryo usually in each pregnancy, and |
if the female gets pregnant with more than one embryo then this called Twins.

Pvpes of Twins

Figure 4.9 Twins (for study)

= F rarritermnal Tvsirs

This type of twins are forms from two separate eggs which are released
from the ovary at the same time, and each one fertilized by a sperm. Franternal
Twins don’t show similarity, and the sex can be similar (all male or all female)
or can be different.
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Inner cell mass i Gasous aroma

Amniotic cavity
Yolk sac

Embryonic cavity
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Seperated membrane and placenta Connected membrane and placenta
Figure 4.0 Framternil fwins

{for study)
2aldlentical Twins

Identical twins are formed from one fertilized egg by one sperm, and this
fertilized egg divides into two cells, each cell continues its growth to form
a complete embryo.




Figure 4.11 Identical twins
ifor study )

( Chapter - 4 ) remem

Identical twins are very similar in the shape and sex (either male or
female). The separation of fertilized egg can be uncompleted, this result in
attached twins in the head area or chest or the back, these twins are called Sia-
mese twins. The attached twins can be unequal so one of the twins is small and
depend on the other one; the twins in this case are called Parmsitic Twins.

Blastocyst

Inner cell
O : cawty@
Amniotic
. Amniotic
CQ"W Yolk sac cavity

Commori

chorionic cavity
Common

~ amniotic cav}iﬁy

!

F-Muiriple Tvwins

Multiple twins rarely happens in humans, some women give birth to
three or four babies, each fertilized egg forms a complete embryo, this case
usually happens in women who take treatment with hormones to activate the
ovary or those who are subjected to the program of test tube babies.
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Extension af birth periods

Mother needs at least two years between each two pregnancy and birth
time that’s to give a chance for the body to recover from the pregnancy
and birth difficulties. Periods extension gives the child a chance of a good body
and mental care, also gives the mother a chance of keeping her health. It has
been found that the children who were born by time period less than two years
between one and the other mostly don’t achieve good body and mentally devel-
opment. That can cause birth of incomplete babies, their weight is less than (2.5
KG) at birth, and they can be miss carried.

Stem Cells

Since discovering the Stem Cells, the scientists are trying to use them in
the treatment of many chronic and difficult diseases, the stem cells are unspe-
cialised cells, have got the ability for division and regeneration and produce
new specialized cells which can repair and replaces the ruined body cells. Stem
cells can be obtained from many resources: such as the early stages of embry-
onic development and the blood of Umbilical Cord, placenta and bone mar-
TOW.

fertilized egg

8 cell embryo
stage

blastoéyst

fnbryomﬁ: stem

red blood cells Figure 4.12 The ahility
: of stem cells to produce different
muscle fiber specinlized cells (for siudyv)

neural cells

Types of Stem Cefls:
I=-Embryonic Stem Cells

This type of stem cells are basic, it has unlimited division ability and
it has a high ability to specialize into diffrent types of cells, it can repair and exchange
the damaged cells, when it is transplanted in the effected organs and can be ob-
tained from an early embryonic stages after fertilization, because of that it is an
important resource for many of medical achievements.
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These cells are found with the specialized cells in the body and its
function includes exchanging and replacing the harmful or dead cells in the
body, but it differs from embryonic stem cells as in the following:

A. Their limited existence which makes it difficult to separate from each other.
B. Their number decreases as the age passes.

C. They can be abnormal.

D. They don’t have the same ability for specializing and division as the embry-
onic stem cells.

F=llmblicil ©Cord Sfem Cells

These cells can be taken from the blood of Umbilical cord, it classifies
as another type of an adult stem cells because they are similar in the structure
and the function, also their ability to resist freezing condition (-196C) in liquid
nitrogen for many years.

T o '|| l.'lll T For s f3f XiFir |'.'.'III'

The tongEariand wies of stem cobls mre the Follow ine:

I- Determination the causes of untreatable diseases and congenital disorders
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 to understand and treat many diseases in-
cluding genetic diseases.

4- Used in experiments on drugs to know their consequences.

5- Used in Cell Therapy for many diseases such as Alzheimer, Parkinson,
joint infection and burns.

mranetechinology is full and accurate control in molecule size (Nano-
meter=10? meter) to produce certain materials through control in molecule re-
action. This technique has been joined with research of the Stem cells, for the
purpose of understanding how to direct those cells, and controlling its purpose,
and getting advantage of using that in cell therapy.

Cloning is one of the asexual reproduction methods in animals. Clon-
ing is economically important, because through it animals can be produce from
body cells.

In 1997 Scientist lan YWilmui announced that he was able to clone a

sheep called Dolly from body cells which are taken from an adult sheep, this
was the first time they can clone vertebrate animal.

To achieve this work lan Wilmot and his studemts followed the following steps:

1- Cells were taken from mammary glands of an adult sheep at the age of (6)
the cells were put in transplant media, the transplant media is adapted to be able
to keep the nuclei of cells settle.

2- The egg was taken from another sheep, they removed the nuclei from these
cells.
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3- Process of joining between the donor cell (the cell of mammary gland)
and the cell which the nucleus has been removed from by putting these two
cells together and exposing them to an electric shock which lead to merge them
and another electric shock lead to the activation of the egg to start embryonic
development.

4= The product embryo was transferred to the uterus of another sheep.

5- After the pregnancy period (five months) was over the sheep Dolly gave birth to
exactly similar sheep to the sheep which the body cell was taken from.

fi- The 1#% 4 test showed that the nuclei of sheep’s dolly cells where the prod-
uct of the same donor cell’s nuclei.

After that they have acheived the same results by using cows and rats.
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The science could solve many cases of infertility by medical treatment, most
of them needs treatment by hormones or by surgery, that’s by using many tech-
niques, they are:

f=-Arttficral Ferfilization

Artificial Fertilization represents the process of transferring the sperms
after cleaning and concentrating them in the laboratory into the eggs, this ferti-
lization is used in many cases, they are:

1- Reasons considering the ovulation or the Fallopian tubes or the lining of the
uterus in female.

2- Reasons considering the male reproduction system that cause reduction in
the sperms numbers, failure in fertilizing the egg. The studies show that drinking
alcohol and smoking reduces the production and the activity of the sperms.

3- Hormone failure which effects producing the eggs and the sperms.

4- Exposing to the accidents or having some medicines or exposing to radiation.

Fvmess af Arefificial Fertifi=aiien
[-1m vivee Feritlizoiion

This type of fertilization takes place by injecting the semen (sperms) of
the husband inside the uterus of the wife, by special tube (Catheter) and to get a
good result. This operation should be done at the ovulation time for the woman,
with giving her the medicine which activates the ovary.

2= 4w Witre £ orfilizalton

This kind of fertilization is regarded as the most common in the world
for the cases of infertility, it means fertilizing the egg by the sperm in a test tube
with injecting the hormones which activates the ovary the fertilization takes
place after taking the eggs from the ovary by an ultrasound machine.

Then these eggs replaced in the special transplant media and then the active
sperms added so fertilization can take place. This process takes place in a
temperature which is similar to the mother’s body, usually three embryos
transferred (to guarantee the fertilization) they are in the first stages of cleavage
to the uterus of the mother by a special tube to implant them into the lining of
the uterus with giving the mother some medicines which helps to fix the embryo
in the uterus.
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The results of this fertilization are the most successful; because the
best embryo can be chosen to be transferred to the mother also it gives ahigh
possibility of pregnancy in one time that’s through transferring more than one
embryo inside the uterus.

Before starting this process there are some tests that should be done
for the couple which includes blood test, the uterus test, Fallopian tubes test and
sperm test. Also there are many factors which lead to failure of the fertilization
by In vitro fertilization the most important one is the type of sperms and the egg
and their safety. The older mother, because the older eggs have less ability to
fertilize, this technique spreads in many special centres in the world including
the centres in Iraq.

_-ll' l!l..l"||'-?|_|'|l _|r T L

This technique is used in In Vitro Fertilization (test tube babies) that
through freezing the extra embryo after choosing the suitable embryo and
transfer it to the mothers uterus. So it can be used later in the future if the cou-
ple would like to have another pregnancy, that’s because the program of fertili-
zation by test tube is economically costly, also needs health and psychological
preparation. The embryo can be frozen by a liquid nitrogen (-170C) in a special
scientific centres.

t=l Mani-pife |‘I'.."|'-".'-'-'-"_'

This techniques includes freezing the parts of the ovary which contains
the immature eggs in the liquid nitrogen (-170C) the rate of success is less
than in freezing the embryo, because freezing can affect the chromosomes of
the egg. This technique helps the woman to keep her fertility, especially those
whohad been exposed to radiation or chemical treatment or some diseases.

f-Sperm Freezing

This technique includes freezing the sperms in the liquid nitrogen
(-170C) the sperms (semen bank) can be kept in a small plastic tubes or a
special discs to be used when needed. So gradually get it warm in room
temperature, it has been found that this operation wouldn’t affect sperms fertility.

This technique is used in many cases, like in some men who suffer

from cancer and they need chemotherapy treatment or the disease of the testicle

and they are exposed to remove it, also the men who are exposed to continouse
sperms number decrease.
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()0 Write the smibuble sclentifie term in the following

1. .oeel. ability of embryonic cells in the early stages of embryonic development to get the functional ability.

2. ability of a certain tissue for differentiation after receiving Induction signals enables it for differentiation.
3o is the science which explains the phenomenon of embryonic development according to the role of bio-chem-
istry by using special machine.

4. are non-equal connected twins, one of them is small and depend on the other one.

5 are the full controlling techniques in the molecules by the size of nanometer to produce a certain material

through controlling reactions of molecules.
3.2 vefime the Tollowimos:

Growth, Embryonic development, Morphogenesis, Gastrula, Morula, Multiple Twins,
Embryonic Stem Cells, Artificial Fertilization.

0.1 oimplete these sialemaenis w ith suitulble pnsweprs.

1. The process of growth takes place by :

2. The two scientist who discovered the phenomenon of Embryonic Induction are......................... and.................
3. The gastrula in the embryo of invertebrate is consist of two layers are ............. and........oee

4. Granular of yolk in the egg of Amphioxus distributes unequally in the cytoplasm, so it is less concentration in the side
of ...l and more concentration in the side of .......................

TN boviei

Cotreeree e dociiin,

6. Neural Tube formation in Amphioxus is called................ the embryo through that called...................
7. There are three types of Stem Cells are:

- F b Covrere e,

8. Intheyear ............. the scientist ............... announced that he could clone a sheep called................
[y '.||I.|ir| mnd i|.|~:i|"-. the fesllowwenge fcis,

1. At the current time the theory of Pre-formation and Epigenesis Theory can be accepted.
2. An adoption happens on the surface of zygote in Amphioxus.

3. At the end of Gastrulation in Amphioxus, the Blastopore changes into small hole.

4. The pregnant mother is advised not to take medicines without doctor’s consultation.

5. Mother needs at least two years between each pregnancy and birth.

6. The success rate of freezing the egg is less than the success rate of freezing the embryo.



S Esntryonic developmeat )

3.5 Surrennd the letter which indicates the corred answer:

1.Who established the descriptive embryology?
a- Bonnet b-Aristotle c-Hippocrates  d-De Graaf

2.The scientist Leewenhock described the sperm in the year
a- 1677 b-1678 c-1766 d-1687

3.The scientist who showed that formation of new individual requests male and female gametes is:
a- Leeuwenhoek b-Wolff c-Spallanzani d-Von Baer

4.The first scientist who conducted an experiment on the egg of frog in first cleavage stage was:
a- Spemann b-Roux c-Wolft d-Spallanzani

5.0ne of the embryonic development stages which differentiation of tissue takes place:
a- Cleavage b-Gastrulation c-Differentiation d-Organogenesis

Q6 Compare between:

1. Differentiation stage and Organogenesis in the embryonic development
2. Franternal twins and identical twins.

3. Embryonic stem cells and Adult stem cells.

4. In vivo fertilization and in vitro fertilization.

(0.7 Expluin the followings:

1. Von Baer law.

2. Cleavage stage of the embryonic development in Amphioxus.

3 The applicationsof stem cells.

4 The steps that the scientist lan Wilmot followed in cloning.

5 The cases which the artificial fertilization is used for.

6. The changes and transforms that take place in the stage of Metamorphosis in frog’s tadpole.
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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 laws in genetic.
4- Compare between the first and second laws of
Mendel's in genetic.
5- Identify the seven characters studied by Mendel.
6- 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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Genetics is known as branch of Biology that deals with inherited var-
iations of an organism or a group of organisms, as well as how the expression
of genes responsible for those variations.

Lienmetics is conoerned in the followings

I . Transmission of genetic traits from one generation to another.

2.Fxplain the molecular structure of the genetic material and know the changes
happen in their structure and their various applications.
3.How the genetic expression occurs at the phenotypic and molecular level.

The first person who named this branch of science as Genetics was an
Fnglish researcher called Hatesian in 19k, There is a brief historical over-
view of the most important genetic studies that helped in the progress of this
science.

I. Firstly the genetic variations for the useful types were selected. The recog-
nized characteristics were chosen which serve generations, considering every-
day life requirements, especially in the agricultural field.

2. Mendel produced a system to control heredity qualities which was not as-
sociated with sex. He published an article in 1866 entitled Experiments in plant
hybridization. Unfortunately none of the scholars of his time paid attention
until after 34 years.

3. The discovery of Mendel’s experiments (1900) has gone beyond and that
time was called “golden age” for cell biology. It is assumed that chromo-
somes are carrier of genetic traits which not realized before.

i The third quarter of the 20th century was a period to find solutions for many
questions. 144 which described by the two scientists James Dewey Watson
and Francis Crick in 1953 and molecular structure of DNA understood.
This scientific researches showed the way to solve the gemetic cods

5. Geneticists began to study about the field of bio-technology in the seven-
ties. They were able to hybrid the DNA of different types in order to find very
effective drugs. At the same time, they succeed in discovering the genes that
cause most rare genetical diseases caused by a single gene. Therefore diagno-
sis method has been developed and they developed tests before appearance
of symptoms. In addition new types of treatments were invented through the
genetic engineering.

fi. In 150 the idea of using I¥% A in applied fields has started due to the DNA
have a number of characteristics, including:
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- DNA has ability to be transported from one organism to another by some
transporters such as viruses and plasmids.

- It has ability to modulate the recipient cell functions.

- It has ability to replicate inside a cell naturally and also outside, through the

use of Pulvimerase Chaln Reaction (FOR).

7. At the beginning of the twenty-first century, especially in year of 2003 the
sequence of nitrogenous bases has been fully unveiled and it found that
there were more than 3.3 hilliun genes of human chromosomes, called the

S Er
SEpE.

H.Genetic research currently focuses onGenomics,about how gene expression takes
place in different organisms, whether in patients or in healthy. As well as reserc-
es done for detection of differences that has the priority in character building
and their differentiation.

Role af We e dhie vl s afiad

Ancient civilization in Iraq made studies on varieties of wheat, rice,
cotton and beans, as well as cattle and horses, during the period between the
year Bl — 4UHIBC.

These documented through the seals that were found there. For exam-
ple, it was found among those documents a unique message written in cunei-
form script about 136l BC. This has given an accurate description on how to
train horses and select the best ones for the race.

Kodlee af Nife Vaflevy Civifizaiion

Some applications of genetics have started with the Nile Valley Civi-
lization in years of 5000 B.C. It was found with the Pharaohs of ancient Egypt
on the types of wheat with selected quality and abundance of production.

The rade of the Creek civilfzaifon

The Greek philosophers were interested in clarifying the similarity be-
tween relatives. Hippucrates (460 - 370 BC) referred the repetition of certain
human qualities such as € rosseld evie and Balidness in a certain group of fami-
lies.

He also noted the spread of certain diseases such as epilepsy and cer-
tain types of blindness in certain families. Greeks discovered the symptoms
of some human syndromes such as (Ihwn's symidromie). They were also con-
cerned with the structures which provides the natural body immunity.

A plasmid is a small

DNA molecule that is physically
separate from, and can replicate

independently of,
DNA within a cell.

chromosomal
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Fieure 5.1 Albino homan § for
sluiy)

Fipure 5.2 F 1:l||:'|||t|-.' far pe
digree. 1 shows how albinism
prasses through generuiions,

L.ermplasm is the genetic
material transmitted from one gene-
ration to another.

Chapter - §

Threr pesle aof fhie wropeiey bl Weis el

The biologist scientist Muuperiuls was one of the scientists who high-
lighted the importance of human genetics. He collected records of Pecliprovis
of the families that have ulldimisim and analysed and predicted probability of
occurrence in the future generations through the application of the theory of
probability.

In the mid-nineteenth century the scientists applied cases of transmis-
sion of certain genetic traits in human, such as the eye color (Brown x Blue)
and body hair color ([*luck « While). incats This was applied to cattle for

abundance of hair and flesh.

Generation

B0 B

0 ¢ B0 ©

"

- O

I, I«...-‘.
5

= ()

y

propositus Identical twins

After mid-nineteenth century, Augiast W eismunn put forward a the-
ory that permmplasm is the genetic material transmitted from one generation
to another. Basedon the above facts the genetic facts are regarded as one of
the familiar since ancient times to the extent that it was taken at face value for
granted. The difference between individuals was complicated and no analysis
or explanation applied to it at that time. Inspite of that some biologists tried
to develop certain insights to explain the phenomena of the similarities and
differences, but they unfortunately have been unable to devise experimental
method based on a scientific basis until the coming of the Austrian researcher
Mendel. Mendel made major assumptions about the transmission of genetic
traits through results of experiments on plant Pisum sativum (Pea Plant).

Corepor Joban Slende]l was the first one who succeeded in the Dis-
covery of the basic principles of genetics. Mendel was born in Austria (1822).
Mendel began to hold experiments on I'istmm sativim in 1856 and has multi-
ple experiments lasted approximately eight years. Later Mendel presented his
research findings to journal of Mutural History in 1845 His research
were published after one year from the date above, but unfortunately
the results of his research remained under wraps for a period of 34 years from
the date of publishing as the scholars were preoccupied with the theory of Dar-
win (1814 — 1E82) in organic evolution.
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In the early twentieth century Mendel hypotheses in genetics were represented
as a result of research done by three different research scientists who agreed
with Mendel’s principles in genetics. These three scientists, Dutchman ‘De
Yaries", the German “{srrens’ and the Austrian ‘ Tsehermuk’, who were in-
terested in studying function and behaviour of chromosomes.

Koge proaperiies of ving aPEE s s g T LHEICS EXperimenis

It 1s well known that studies in genetics depend on the design
of experiments and analysis of results. This was for the purpose of extracting
certain hypothesis about how to move different qualities. Here are some con-
siderations that need to be taken into account when using a particular object for
the purpose of conducting genetic studies:

1. Short life cycle.

2. High number of offspring

3. Having the possibility to get variations and genetic mutations when organ-
isms are exposed to unsuitable environmental conditions such as radiation and
chemicals.

4. Ability to control fertilization or mating of the organism.

5. Easy to breed and maintenance.

6. Ability to produce new structures as a result of sexual reproduction or deliv-
ery (Transductinn) by virmses,

del

Many research conducted on bacteria, fungi and some plants like garden
pea, yellow corn, barley, wheat, squash, tomato and snapdragon.
Many traits in animals as drosophila, mice, chicken, guinea pig and cattle,
as well as in humans,

Table 50 shows the number of eh-
romosames in e somadie colls for $if-
ferent kind of living things.

= Miale bee (dreone) has hall number
of ehramosinies,

Application of genetical Models (n Mendel Experiments

The success of Mendel in his experiments despite of failure of other scientists
may be caused by;

1. Chosen best model in design and analysis of genetic experiments. It is Pisum
sativum which has genetic variation, ability to grow easily and susceptibility
to hybridization artificially.
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2. Mendel limited his research on one pair of traits or less in each experiment.
3. Keeping accurate records and relied upon in the statistical analysis of his
experiences.

Stigma  Pollen grain

Figure 5.4 Mendel used art-
ficial cross pollination in pea

plants for his experiments (for

sty ) Dominant Recessive  F, Generation

Character Trait x Trait Dominant:Recessive  Ratio
Flowercolor  Purpie « White 705:224 3153

.
Flower positian  Axial ) Terminal 451-207 1140
Seed color Vellow «  Green 6,022:2.000 ima
Seed shape Round  «  Wrinkled 5.474: 850 296:1

o &

Figure 5.5 Seven pairs of cont- .

Inflat :
rust traits which Mondel wsed e [ofled  x Consicled 82299 )
im his experiments (for siudy) R

Pt Cotor Green J- 428:152 1821
Stam length Tal " TET:277 21841

G ?g%‘

¥




For the purpose of understanding mono-hybrid cross and the theories
that have been derived from it we have to know number of new terms used in
this field, namely:

Different form of mutation of a gene. One of the different forms of a gene
that can existat a single locus.

Is a sequence of DNA that has a specific function, for example, turning the ge-
netic code to a protein or controlling the expression of character and can prove
itself through contrast alleles.

S e H A . -
3. UENE LXPresston
I

It is the process of using DNA information by cells in the manufacturing of a
particular protein.

It reflects the cofnposition or structure of the genetic of individual. It expresses
the genetic codes together in a particular individual.

It refers to the properties or observed signs of the organism which is
genetically controlled. For example, stem length and stem shortness in Pisum
sativum plant referred to as expressions of natural information. These are
available in the genetic factors. By following the principles of dominant and
recessive traits we can tell about phenotype for the individual from the geno-
type. For example TT and Tt refer to the long stem and 11 refers to the short
leg. When the individual carries genetic factors such as symmetric 1T or i it
is said that the individuals are homogeneous or pure { Homory paus). When the
individual carries a genetic model which are not symmetric factors such as Ti,
it is said that the individual is heterogeneous or hybrid (Hetermeygous) (figure
5.6).

The diagram gives an example of crossing between a homozygous, dominant
trait and a recessive trait as well as modern terminology used.

In connection with the genetic factor codes, usually different ways are
used. We now mention the symbol for one of Mendelian traits, say the stem
length in Pisum sativum. This is given the symbol capital letter (T) in order
to refer to the tall stem. The small letter t refers to the short stem trait, which
recessive trait. In this case special symbol is derived from the dominant trait.

To point out a short stem trait, the code is derived from the dominant trait.
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Phenotype Tall Dwarf

Gamete formation

y Eai._ﬁamet'e I l

-
D
=
E’r. F. Generation
o .
AT
Fi1 cross
- |
3_ Gamete F
Figure 5.6 Showing theuse of some & o Mo M W R
genetical terms and symbuols = l
by an example S
I L Tt
F,

Tabde 3-2 Some genetic codes wsed in crossing and also in solving the gemetic issues;




Manmahyheid Cross

Thisa genetic hybridization between two individuals and includes a pair of oppos-
ing traits, such as aa X AA. Thus it reveals how transmission versions of these
qualities through the generations take place.

v mipele:
For Mamnofrybeid Cress Mendef

The trait for stem length in Pisum sativum plant is an example of mo-
no-hybrid cross. When hybridization between Pisum sativum long stem pure
with similar but short stem happens, all members of the first generation (Fi)
were long stemmed. When conducting self fertilization among the members
of the first generation, Mendel noted that THT of Ilid of second-generation
plants (F:) were long, while 277 of 1k were short. These figures represent
the approximate ratio 2. 84 : 1. This is about 1:1. So the recessive trait that did
not appear in generation (Fi) but appear in the second generation (F2) by25%.

Evidenced by the results of Mendel show that the results do not depend on the
sex. This means that the traits are located on the somatic and not sexual chro-
mosomes.

Usually reciprocul eross is used for the purpose of making sure that
certain trait has the gene located on either the somatic chromosome or sexual
chromosomes, or located in cytoplasmic organelles such as mitochondria.

Definition of Keciprocal cross:

Crossing gets between two individuals, one carrying a dominant pure
trait and the other carries the recessive pure trait or vice versa.
If the results in both cases are similar then the gene for that falls on the somatic
chromosome. If the results were different at the opposite type, it means that the
trait gene located on sex chromosome or in the cytoplasm of organelles. This is
shown in the following example on Pisum sativum.

Exonple af reciprocal crogs in Pisiim Sarivim:

A)
& anillary flowers pure pland X 9 terminal Nowers pure plant
P AA 1
Miciosis Division
Gi A {1
P = P
100 Axilliry m“:q:hyhrid phints
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B)
& Terminal flowers pure plant X 2 Axillary Aowers pure plant
Pl aa A
Meiosis Division
Gl a A
. Aa
Fl 100% axillary Aoarers hybid plants

Mendel concluded that traits is located on the somatic chromosomes.
In order to clarify these results Mendel assumed the existence of a pair of genetic
factors for each trait. These are the factors that control transmission capacity
from one generation to another. This confirms the success of Mendel in his
experiments.

Mendel s Pasinlates

Mendel agreed with results, which he obtained in mono hybridization in order
to derive three hypotheses or principles in genetics, as follows:

Fo Ul Fawedmes i Paies; This means that every trait is carried by an individual
is controlled by a pair of factors. Usually the elighisiil organism contains one
of three genotypes which determine the trait and they are ( A& or A or an).

20 T doamsisapint aveeed revceasdve feaits: The dominant and recessive are; when
there are two factors which are not similar (Tt) which are in charge of one trait
in any individual, one of these factors (T) is dominant over the recessive trait
(t). However the recessive factor is responsible of showing the recessive trait
when it comes as a pair (it).

A Sepregation during e formsiation of Gemedes foraasion
The two factors which are not similar (1) split randomly. So each gamete will

receive one of these factors in equal propability

P1
Duplication in
interphse
P2 Duplication in

qﬁgurﬂ 5.7 Law of segragation
(first law of mendel)

interphsa

-

@




If the individual has a pair of similar factors (tt) or (TT) this lead to
the fact that all the gametes will receive one factor. After fertilization, the
first generation individuals (Fi) receive one factor from each, so the resulting
individuals have a pair of factors. During the self fertilization in the first gen-
eration (F1), each gamete randomly receives either the dominant factor or the
recessive factor. After fertilization there will be four units for the formation of
the second generation F: at the ratio: Dominant 3: Recessive 1. According to
this hypothesis Mendel set his first law, which is called “Law of Segregation”,
which states that:

“The pafeed penetic fuctors In an individead split from each other
wiren the ganreies are formed, Afrer i formeed i podes agaie alweing fernifion-
fon whew flhve gencifc fdividuals wre created ™,

The Mendel’s fourth postulate, which is called free distribution, con-
siders that later as part of Mendel’s second Law.

- Punnet Square

The genotypes and phenotypes produced by recombined gametes dur-
ing fertilization could be demonstrated visible and easily through the punnet
square.

Punnet sguare:

Geometrical shape like chessboard which the male gametes are
placed in its left and vertically above the gametes. The female gametes 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 genotypic models and their respective ratios.

Note each of genotypic ratio (1:2:1) and phenotypic ratio |:1 for the second
members of second hybridization generation.(Figure 5.8)

Test Cross

The aim of this crossing is to identify the genotype of the individual
which holds dominant unknown purity. It crossed with another recessive indi-
vidual for that trait. If all the members were carrying the dominant trait, then
this member must be pure in that trait. If either 50% of the members were
dominant and 5% recessive, that means that the individual hybrid in trait.

Fhis ean be illustrated s follows;
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P, TT > ¢t

1 meosis

1 , Gamete ,
!

F L Generation

Tt
F, All tall
P, e > i

E |o¥ @@
@ | rr
@ | 1

Punnet Square
Figure 5.8 Ponnet square is
used to jdentify second filial
generution{F2). F1 generation
used in sell pollination

Fertilization

The firse Posvibiling

I'mm the individual is pure and dominang for ihe Pisum sativum:

P longstem  plant X 2 short stem pure plani
T (]

E-l L ) i
NS = K
100%% long-stem hybrid plams

Fy
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The Second Possibiiine:

(W hen the individual js a habrid i the domimant trast,

Pt & plant long stem hybrid X 9 plant short stem
Tt Meinsis fn

i1l T & I 1
+ T

Fl (]
S0 short-stem pure. 5086 long-stem hybnd

Optional crossing is regarded as part of reciprocal cross.

Back Cross

It is a cross between hybrid members of the first generation with a par-
ent or with an individual similar to one of them.

The output crossing with pure male dominant trait can be seen in this

example;
A A plant long stem hyvbrid X @ A Jong stem pure plant
Sicbiis The Law of independent as-
&l Tt 1T sariment states that:
“The Dvolated pairs of gene-
i | 1 ¢ T fic factors are distribated fodepen-
denily from cach other during ga-
Fl Ty Ju s i M;:.I'.I‘Jﬂ'l.“ﬂq.hi-‘i"’.
1041, o sterm

Diteplreied Croow awrdd Free Disfeibation Memdels Law

Dihybrid cross is a hybridization which includes a couple of contrast

traits gww = GGWWAL For example, if the Pisum sativum of pure round yel-
low seeds conjugated with green wrinkled seeds, then all members F1 will be
round and yellow. This is because the yellow colour is dominant over the green
and round seed is also dominant over the wrinkled seeds.
When allowing members of F'1 (hybrid traits) {.g¥ w, for self-fertilization we
find that the seeds of self-members |2 appear in accordance with the approxi-
mate ratio [ round yellow and /14 wrinkled yellow and /16 green round
and 1/1i green wrinkled.

The Law ol lndependent assartment and also known as Mendel
second law has been developed by Mendel and enhance the fourth hypothesis
which is also called as lree disiribustion




&

Figure 5.9 Dihybrid cross in
Pisum salivum (forstudy)
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This law requires that any pair of isolated genetic factors is independ-
ent from all other pairs of genetic factors. As we know each gamete receives
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 possible gametes units are constructed made up of all by the
equal repetition, the figure below clarifies the free distribution throughout
the formation of the second generation members, the process of gametes by the
second generation plants.

In each case of fertilization between members of the first generation
(F1 x I'1), each egg will have the same probability to receive one of the four
units from each parent. In the case of the production of a large number of
members of the descendent, we will get the ratio /1 round yellow, 3/ 16 yel-
low wrinkled and 3/l green round and 1/l green wrinkled seeds. This ratio
is ideal because it is based on the events of probabilities of events including
segregation, free distribution and random fertilization.

Deviation from these ratios can take a place (which is subject of strictly coin-
cidence) especially in the recessive small numbers of traits so the results are
rarely identical with the ideal ratio.

P EEm<o EZOé Em e IR e

1

G
F

1

1

F, cross

Cienotypic ratio forF Phenotypic riatio for F
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Kedvevive Croasing for fve fraits:

It is possible to apply optional crossing on individuals carrying a cou-
ple of opposite dominant traits with unknown genetic type (unknownpurity).As
example phenotype of a plant with yellow seeds rounded dominant can pro-
duced by genotype (G0 WW, GG Ww, GeWW or GgWw).

(b)

Figure 5.10 Result of hybridization
between three similar organisms

in phenotype (for study)

In the case hybridization of a plant withroundseeds with a pure
plant, green wrinkled seeds, ggww (recessive) the analysis of genetically phe-
notype ratio is explained in figure below.

Imterpreation of the results of Mendel in the light of the knowi-
edge of the funciions of chromesomes and genes:

Chromosome: This is the installation of composite linear shape of the DNA
molecule, Ribunuclels weld ( ™ 4) and protein, which contains the coded ge-
netic information sequence and can be viewed through the process of cell divi-
sion. The gene is a part of 11 A4 chromosome that controls at least in specific
genetic trait.

Since chromosomes present to be matched in pairs, it is also the genes

found in the image of pairs, as Au for a certain trait and Bl for anoth-

er trait and whether the individual is a hybrid of these two traits. This, of course
supports the first hypothesis ot Mendel.

The relationship between the behaviour of chromosomes and genes
also through meiosis, each gamete receives one chromosome from and
one of each pair of identical chromosomes. So when those gametes unite dur-
ing the process of fertilization, the new generation receive one gene for
a particular trait of the father and the other from the mother.
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The free distribution of the chromosomes over the gametes during the
meiosis supports the law of Free distribution of Mendel. This is because the
genes being unattached. (Will not be on the same chromosome), will also be
distributed independently.

A B A b
seperaled genes
Homologous chromosomes ‘
A
B B
Free distribution N
Meiosis a b a B
| (
Figure 5.11 Free distribution
of alleles through gamete Tor- aXu
bxb

mation (for study)

parental allel reformation of allel
arrangement arrangemeant

Example 1
Appiteation e MWendel s Secomd Law

A Drosophila melanogaster of ebony colour with long wing crossed
with a gray and vestigial winged The first generation (¥ ) were gray and long wing,
knowing that genetic factors for these traits are located on two different chro-
mosomes.

a. What is the genetic type for the parents and the members of the first and
second-generation?

b. What is the phenotypic ratio for the F: members?

¢. What are the genetic ratios for F: ?

d. Show the type and the number of units which is possible, between the gam-
etes? Clarify that on the punnet square.

Cernefnsions gnad solfifion:

Since all members of the first generation were long wing and gray, then

the long wing | is dominant over the vestigial winged(1),and the gray colour

(I is dominantover the ebony colour(¢)as well as the fly with long wing and gray

male must have each of these pure traits. Accordingly genotypes codes for the parents and
members of the first-and second-generation will be as follows:




{ Geneticy )

i
2 R v and long winged X A sy il 'I_'] o
| _ Melosis : '
" Llee e
i L IE
F oo LB
100% gray and fong wing (hybrid )
Adter belng pollinatcd Tor F1 tle nrembers will e as Tolbow s
7 Long and gray hybrid X 7 Giray lowg wing hybrid
x LIEe Lk

genotypes are combined in the Punned sguare and that share & ceriain
pﬁmqu:, we get the follawing ratios:

« 1 Genotype Ratio 1:2:1:2:1:4:2:2:1
1 Number of possible associations (units) between gametes = 16.

Posxibilities in Mendel's penetic experiments
Probubiling: is the likelihood of the occurrence of a specific event by an estima-

tion or calculations. It can be expressed as the number of decimal, percentage
or number of fractional and determined by the following equation:

Number of repetitions for an event

Probability =
robability Number of events
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The rates of phenotypic models and genotypes in generation F2 representing
potential or expected rates to those models. However, the proportion of those
models that are actually obtained from mating may be different from the ideal
ratios. This can be explained in Mendel’s experiments on seed colour trait, as
in Figure 5.5.

The number of the dominant yellow seeds was (12 seeds, while the number of
green recessive seeds was 2illi] seeds. So the total number of seeds was 8023,
Using probabilistic equation can determine the true proportion of the yel-
low in this kind of hybridization as follows:

G232 [ B3 = ), TS0
Bai the real ratio Tor the areen seeds is
ZHHID S B3 = (L2494

To express this percentage ratio of the expected probability of the yel-
low seeds is 75%.. This can be expressed as a fractional of 1'd, While the ratio
of the expected probability of green seeds is X5"%4. This can be expressed as a
fraction 1./4. These numbers can be expressed as ratios |: 3 represent the same
probability that number represents the fraction 1/4 and 3/4 respectively, i.e. there
are three out of four opportunities. This means that every time two hybrid par-
ents produce a new member the probability of carrying the dominant trait is
3/4. So the probability of carrying recessive trait is 1/4. Referring to the actual
ratios obtained in this example.

Usually 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-
ent on the lack of equal opportunities of gametes at the pollination process as
well as the lack of equal opportunities for individual factor, hybrid (Gg) from
segregation equality over the gametes.

When we are dealing with two traits or more and which are inherited
independently of each other, we can predict all potential duplicates of pheno-
typic types in the second generation. This is done through the application of act
of the product of probabilities. This indicates that when there are two separate
events spontaneously, then the obtained probabilities of the occurrences of its
members.

After the discovery of Mendel’s experiments in 1900, there was expan-
sion in the study of many traits in different kinds of organisms for the purpose
of applicability of Mendel’s laws on the genetics of those traits and whether
there are new discoveries.

It has actually found that the genetic information which has seen some

traits do not actually agree with Mendel’s expected ratios. So some assump-
tions were given in order to clarify these changes.
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Bearing in mind phenotype for some traits 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 in Mendelian rules
in some references.

Properties that Deviate Mendellan ratio 3:1

a. fncomplete dominance

Phenotype of the hybrid individual is different than the parents. This
takes a compromise between the two types. This is the average between the
two phenotypes for the two pure opposite traits as a result of mixed cross
for these two traits. This situation is different from the case of full purity of the
traits studied by Mendel.

An example of what happens when the “Suapilrugon” plant of red flowers
12'1" is pollinated with a white flower R'It' plant, the first generation is pink
flowers I£'[t*, In a self-pollination a member of the first generation | , the sec-
ond generation plants would be in the ratio: H'H' 1z W'1* 20 W1, white,
pink and red flowers respectively. This is similar to the proportion of genetic
ratio as described below.

Pi— Red? X White ©
Gi — RR l, RR
Meiosis

4

e

Fi — 100% Pink

RR
P2 ? & X ©
G2 Rli l

Meiosis RR

Phenotype —> 1:Red 2:Pink 1:White
Genotype —»1:RR  2:RR  L:RR
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b. Codominance

This is the case in which expression of two alleles seen together in the
phenotype of the hybrid individual. Neither one of the traits is dominant or
recessive.

I.'.v.'.u.rr;rfe- f1) Bifood Spvfem A8, 3, 4

All blood groups AE. H. A in humans are determined by two factors I* and 1"
and these antizens which are available within membrane of the red blood cells.
The genotype of an individual belongs to blood group A4t is 1" 1". So none of
the alleles I*, I" would be dominant over the other. The blood cell Ali carry A
and Bonits surface. When the parents carry both genetic types | *1" get married,
it would be possible to get children with phenotype and genotype in the ratio:

" il JF - "
£ AR A

Exanle (2} Blowd Sypsdeme MY o haemans

An individual with a blood %1 % has antigen %1. While another individual with
group ™™ has antigen ™. The individual with a blood %™ possesses both the
antigens M and N in the membrane of red blood cells. So at parents” marriage
with the installation of a genetic LYL"™. It would be possible to get children
with phenotype ratio as following:

LRLR 1 LY LM% | Bl Bl

The sign L is used by the scientist “Landsteiner” who discovered the antigens
for these groups. There are two kinds of molecules “€alyeaprotein”

Example ¢ 3} Wair codonr fn seome breeds of cattle viedth sleart Tiveis

There are two alleles controlling the hair colour. One is responsible for
the appearance of red colour " and the other is responsible for the emergence
of white ™, where [ stands for any colour and R for Red colour and W
for the white. When two 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 mixture of hair some red, others
white.

When a mating between members of the first generation takes place, the follow-
ing phenotypic and genetic type ratios were obtained in the second generation:

White C*CY: | Dust color C¥ C%: 2 Rind C5CY 54

. Eatfral affeles

These alleles will cause the affected member to suffer if the member
carries it. This expression leads todeath of an individual which inherit a pure
dominant in some cases or recessive in other cases.
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Example (4} Sickle - cell Anunemia

This genetic disease is caused by recessive mutant allele His affects
the quality of hemoglobin Hb. It becomes some kind of abnormal type { Heimiii-
globin S). It also affects the shape of red blood cells they become scythe shape
instead of the normal disc shape.

It is clear that this deadly allele becomes a multi-effective (I'leintrupic).
The table showing the genotype and phenotype of the offspring resulting from
mating between parents both for scythe anaemia.

Fizure 5.12

A Red blood cells infected by
sickle cell amemia

B) Mormal cells{non Infecied)
{ Vo study )

Example (2) Domiinany aflefe for creeper chifckens:

This type of chicken appears if they are having allele (C) together with
normal allele (¢). The chicken cannot walk normally because of the short and
twisting legs. Individuals pure in this gene (CC) usually die. Below is an ex-
ample of mating parents of creeping chicken.

2 Creepy chickens X J Creepy Rooster
il Ce Ce
Fl cc Ee + Lo oo
Deud Creepes Mol (OK)
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 wstie lihrosis (CF), also known as
mucoviscidosis, is an autosomal re-
cessive genetic disorder that affects
most critically the lungs, and also the
pancreas, liver, and intestine.

These are similar to the previous case. When yellow hybrid mice are
mated with each other the result is, quarter of the yellow embryos will die.
That is pure in the deadly allele Y'Y which leads to phenotypic modulation
ratio 3: 1 to 2/3 yellow hybrid: 1/3 gray. So the yellow mice are always hybrid
and any carrier of the gene is not affected by it. The killing gene is important
in designing some genetic tests. The following diagram shows mating of two
hybrid members for this kind of killing allele.

¢ Yeilow mice hybrid X Yeslloo mice nylrid
P & l Yy
% P TR
i \ ) \ 'y
F S Y Yy Y
Yellow die Yelbow Yeellow {3y

! e This is the probability of an individual inherits allele and
posses phenotypic trait which is related to allele. For example recessive allele
that causes ewslic filirnsis with complete penetrance of 100% of pure indi-
viduals {¢z) have the disease. As well as the dominant allele to acquire extra
fingers { Pulvilaciy () in the hands or feet is incomplete penetrance. This is be-
cause some individuals which inherit this allele have ten normal fingers, while
others have more than ten.

[ie expressive: 1t means an allele could produce a heterogeneous range of
phenotyplc types

An example of this is pure insect for the recessive gene for the mutation of
eyeless which gives phenotype with various ranges between the existences of
normal eye to partial loss in the eye size in one or both eyes.

Each living organsim has its own traits, which are inherited from the par-
ents. It can be identify phenotypic traits through the study of the parents and
analyse their genes. However, this determination cannot be accurate because
the genes only determine what could be the trait and not really what will be,
because some phenotypic traits depend on genetics 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
surrounding the mother organism and inside her, to clarify this we give the
following examples:
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Lovempfe (f )

renes responstble of the uman body are affeceed by the guality of his fooad

The fat and slim characters are depend on the genetic bases. Controlling the
body weight greatly influenced by the amount of food and other factors.

Evgmipde (4]
e fergoores oo the cavirovmnenfed greality of e fowd ay e pend responsiine

Juir Pl cenfor oif Fal o M ari iy

Building yellow fat in rabbits depends on a recessive gene (vv). Note
that rabbits carrying this gene suffer from a lack of enzymatic and thus become
unable to demolish the yellow colour 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 fat. If these rabbits are fed with colourless
plants, then their fat will of course be white although the gene (+v) has not
changed-only the food has changed.

The other rabbits that do not carry pure gene of yellow fat has the abil-
ity to partition the yellow colour, thus they will have white fat even though it
was fed on a diet rich in yellow colour.

I s Foadoranr Freye
rene rnieracrion

This is producing new phenotype by interaction alleles peculiar to different
genes. There are two types of interactions:

I. Genetic interaction that leads to a change in the expected phenotypic ratio
eg“E pistasi=” which is the non-reverse interaction, such as the availability of
gene interfering in or preventing another gene expression. The white colour W
of the fruit in the pumpkins plant (=qjuush), superior to gene with yellow color
of the fruit %

When hybridising white ¥ %W %% to another green fruit wwyy fruit,
the first generation was white fruits. In the second generation the white color
appeared in the ratio 12 svhiige: 3 wellow: | green. This ratio shows that parents
are different in two pairs of genes. The father white-fruit carries yellow gene
that did not show its effect, because of the presence of white colour gene which
is superior. It is possible to explain how to get the phenotype ratio and the ge-
netic ratio by using punnett square as follows:

\ white frnts plont AN A preen fruits plonl
"] WAy WAy
Mieln=is
Ll WY Wy
1 Wiy
Ba 100 White

If they leave for self cross;

P2 H H':I_'l X " *"}:F
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Figure 5.13 Different colored
pumpkin Fruits (fer study)
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WWYy WwYY
WWYy WWyy WwYy Wwyy
WwYY WwYy wwY' v wwi'y

WwYy Wwyy wwY'y
[ J=White D:Yellow [ |=Green

2. This is the genetic interference which does not lead to any changes in the
expected phenotypic ratios. However, the members of the first generation pos-
ses new trait which is not available in the parents. With regard to the second
generation, they will have two new traits not available in the grandparents. An
example of this case is the shape of comb in the chicken. The rose shape for the
comb is due to the gene It which is dominant over r for a single comb.

The pea shape of comb in the chicken is because of gene which is
dominant P over allele p for a single comb too. When rose shaped parents are
mated with a Pea shape, assuming both are pure, a new type appear in the first
generation, known as walnut comb . When the members of I'j are crossed be-
tween each other, I shows the new type (Walnut and single) in addition to the
grandparent’s type as below:

Pen Shape \ Rexse shiape
P, PP ; RRpp
Meigsis |
LH rl Rp
Fy RrPp

Walnut shape of comp

I RiPp X RiPp

Fhe phenotype ratio for the second genoration will be:
F2' wppl rrPP3 RBpp 3 : RRPPFY

Single Pea Hose Wilmui
‘
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Multiple alleles

L —

This is the availability of alternatives or various alleles for the same
gene, as a result of mutation happened the molecule of (DNA) genetic material.
This cause variety in the phenotype, and they located the same genetical posi-
tion on a certain chromosomes. We give some examples for multiple alleles:

Examiple 12 ABC system in Humans

There are three alleles controlled by the system, which are 1%, 1" and
1", As we are aware that [* and 1" are coddeuninunt but both of them is dom-
inant over i . The two alleles 1* and 1" control forming two different type of
enzyme which results in appearing two different molecules of antigens over
the surface of the red blood cell. i allele does not cause activation any type of
enzyme, so antigen will not produced as a result. The person which inherits two
alleles of | , his blood group is {1

Blowod fransfusion

The blood group Altd and i factor must be known for both the do-  Tabile 5.3 Shaws how three wlleles
nor and the recipient. This is because the red blood cells of some people may — ©oulid mweed I the formm af padrs and
clump clearly and when mixed with samples of other donors. This was disco- Iaw i produce Tour fypes of blood
vered by Luntlstelner in 1900. groups,

The basis for this clumping is the resulting interaction between
antigene which is carried by red blood cell surface and what is contained in
the serum of antibodies. Note that the relationships between them is shown
in the below table.

Antigens are given by the letters A and I and the aniilmudics given by
small letters a and b.

Table 54 Shows the antizgens ond
antibodivs siccording w  blood types
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In the light of the above information in the given table, it would be
possible to decide the compatibility occur between the donor and
the recipient in the transfer of blood groups ABO (incompatibilities) and the
case when there would be agglutination between them.

_HY

Apolutination ool observed, Agglutination abserved,

Figure 304 Shows how the geneti-
5 bave explain the compatibiliny
or the mismatch in (he translor of
blood groups ABL. (for study)

Exainple 2; R antigens

This is one of the other antigens that show multiple alleles. It was dis-
covered by two scientist called Landstelner and Welner in 1941, 1t was given
a great deal of attention and that of their direct emergence of a case of anemia
for some newborn babies. The disease is called Lrythroblustosis Fetalis,
For this reason, the blood groups A l#i] and the K have to be tested on the
verge of marriage. This is to exclude the emergence of this disease in their
children and to take the necessary precautions.

The fetus who has i+~ and mother Hli- and their father are -
can be affected by this disease. The father passes this allele to the fetus
because I+ is dominant over I4h- so the embryo has become of hybrid
genotype Ky, This kind of genetic units results in compatibility total immunity
between the mother and the fetus.

If blood flow through the placenta which is defective for some genet-
ic reasons and entered into the mother’s circulation, the immune system of
the mother will diagnose IRh antigens as foreign bodies, so it builds antibodies
against them.

In the second pregnancy, these antibodies concentrate in the mother’s
system and when they pass through the placenta, of course enter the circulatory
system of the fetus and start break-up of red blood cells. As a result this will
cause loss of hemoglobin, causing anemia (jaundice).

There are about 1114 of the populations who have pregnancy with Ith
incompatible. For several reasons, less than 11.5% in fact produce mmnirimin
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Usually the mothers with this kind of problem will be given Anti-Rh immedi-
ately after birth antimatter’s (Anti-Hh) lh+. These kinds of antibodies destroy
cells of RH+ type, which has passed to the mother’s blood circulation. So she
is unable to produce antibodies for the recipient.

Genetics Rh system

Preliminary genetic research led to belief that the human population there is
only two alleles controlling the presence or absence of antigen. The scientists
assumed that the allele Rh appoint an antigen on the surface of red blood cells
and behaves as a dominant gene. The allele(rh) leads to the absence of antigen.

It has been found that 85% of the population of New York City contains any
antigen { ih+); at the same time the remaining 15% do not contain any antigen.
Le. {Hh-).

In the city of Basrah, it has been found in |97 that %1% of the sample studied
possessed Ithi+ and 7%, of all was Hli-.

It has found that the negative type is less in the Eastern societies per-
haps because of the election against negative alleles. This is due to the result of
improvements to the tests necessary to set the presence of antigen. It became
clear that genetics, which controls the Rh antigen, is rather more complicated
than expected in previous time.

The scientist Weiner supposed later that there is a series of multiple
alleles in a single location for Ith and that must be taken into account for these
variations. On the other hand the scientist Fisher and Race that there was some
sort of another alternative inheritance which includes three of the convergent
genes associated with € . [¥, F and every one of them includes two alleles which
have the responsibility of inheriting the H factors.

The term Linkage used to describe the genes located on the same chromosome,
which is the first pair of the physical chromosomes for this group. The student
can follow this table which simplified in problem solving and genetic-related.

Example {35 Aboud the bfovwd group Bh

Man descended his first birth in a family group I+, His father was an
Rh+ too, but his mother was with Hli-. This man married a woman with Hli+,
but her father was I1hi-. Predict the blood group Ith for his children.
Indicate the number of his children who will not be affected by the disease.
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Carprefnisdonn:

1. The father of the man with Ith+ and his mother Ith-, so the man is hybrid
Rhrh.
2. The women is Kh+ and her father Hls-, therefore she is also a hybrid Kl

4 Hybrid Rirs X 5 Hybrid Riv+
P Rhrh Rhrh
G Rh, iy Rl th
o RuRD:  Rbrb:  Rheh:  rheh
5 IR+ : I Rb-
Nune of the children will be sffected by the disease.

Example (4} Series of affefes in rabbit far colonr

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 technique for explanation. The fur
color is controlled by at least four different alleles, which are {¢*, %, ¢, T},

Note that the allele (C) is responsible for the gray colour (agnuii). This
allele has the full dominant over all the other three remaining alleles (", &*, ¢*).
With regard to the allele ¢*" in turn is dominant over the two alleles ¢* ¢*. While
" is dominant over ¢*. So the order of dominance for these alleles would be
follows: g eghagte
Some sources claim that there is incomplete dominance between alleles of ¢
,cMand between ¢ and c* so when these two alleles meet in the same individu-
al, between ¢" and ¢ and between ¢ and ¢? results in light gray colour.




( Genetice ]

{lacheridiames noaelti-genes) Cuanfitamve Getedios

This is the transmission of genetic traits as a result impact cumulative
or additive for the number of the genes in the cell. Most of the qualities in
human are the qualities of multiple genes (pulveenes) or complex charae-
ters. They greatly influenced by the genes and the environment as well. The
character of multiple genes in human is the skin colour, eye colour, intelli-
gence, blood pressure, body weight and total number of skin lines (Tutul Ridge
Conne THO) in the fingerprints of both hands.

Note that the number of lines of fingerprints models are largely ap-
pointed by multiple genes as well as partially respond to the environment of the

uterus and this is a mulii-fuctorial trait.

It has been observed in some communities there are differences be-
tween the sexes in the distribution of installing these lines where the average
number in the male sample 145 line, while the average number in a female
sample 126 lines. These numbers can be different in some other societies.

The properties with multiple genes available in the other creatures is
the seed colour in the wheat and the amount of production of seeds and fruits
and the time required to reach maturity in plants. Also the amount of milk,
meat, eggs, and the rest of the economically important traits in animals.

LI T T T T T T T T L T T T T v i 1 v L) T
@0 T} 80 80 100110 1213 130 140 150 160 170 180 190 200 210 220 230 240 250 280 270 280 30

L ommepal af Hru.'r.u'p:'.- AP

Multiple genes is defined as; having slight impact on the phenotype
when a gene is alone. As it accompanies with a few or many other genes, it can
control quantitative property. {dumnititative traiis System are differs qualities
from Mendelian traits system or descriptive { jualitative traiis as in the follow-

ing:

Figure 5.15 Eve color controlled
by multiple genes {for study)

Figure 5.16 Anatomy of fingerp-
rind and total number of lines in
it (Tor study)




Table 5.5 Comparession between
juantitative and gualities trades

Measuring the effect of multiple geses (heritability coefficient):

Most of quantitative traits influenced by heredity and environment at
various degrees, so researchers are interested in this area in measuring herita-
bility coefficient (Heritability) for the quantitative trait for its outstanding role
in estimating genetic improvement expected from the election.

The heritability coefficient is statistical measure shows the amount of
variations in the population which is due to genetic factors between 0 and 1.
Approaching the value one indicates on the impact of genetics and vice ver-
sa for the impact of the environment. For example, heritability coefficient for
prescription number of lines on equal to (.66. This means that the genes have
additional affect have the influencing role in the expression of this trait.

Additive variation
Heritability =

Phenotypic variation

Ty Kiwad of ivheritunce ewn be expladed by the foliooing exvampbe:

If we assume that the inheritance of eye colour in humans is under the
influence of a couple of alleles AA and BB. Then if a man dark brown (Black-
eyed) AABB is mated to a woman with light blue eyes, then the eye colour for
their descents will be as indicated in the following diagram:
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Park Brown (Black) eyed X Lightblueeye 9
R AAHBB aabth

G AB ab

r‘ Light ar?;f?ﬁw:

If the members of the first generation are mated to members of the same type
in their genotype the phenotype in the second generation will be as follows:

1 Black (dark brown}: 4 brown Moderate: & Light brown @ 4 green
{dark blue): 1 light bloe.

Also genotypes for second-generation members will be as described in.

=

AilREs

Figure 5,17
Variations in the eve color,

A, Muodel for two geaes, eacl conin-
inknge two alleles which sre abile o
evplnin the exbvience of a Nive-colar
in the human eve.

B. Frequency distribution of eye co-
for with o distribution of bell curve
for the quantitative irale,

(Tor study)




A

L&

Figure 518 X and Y chroms-
somes during coll division {for
study)

Fieure 5,19 Animal imole)
withowt ¥ chrmmosome. i G
siudv

Chapter - 5§
We nmie the followines Urome Boore 5:107.:

I. The eye colour becomes black due to the presence of a couple of dominant
alleles AARR,

2. The moderate brown (medium brown) color appears when there are three
dominant alleles and one recessive (&4 i) or (AunHIE).

3. The eye colour becomes moderate (light brown) when there are two domi-
nant and two recessive alleles (A& Alily) or il or Aulil.

4. The eye colour appears deep blue or green when there is one dominant allele
and three recessive MAulsf or aulkh,

5. With regard to the light blue it is shown when there no dominant alleles
(aahb).

L TLA ST 1) Tl T T T
Limitation and Determiination of Sex

As we know the gamete contains half number of chromosomes, union
takes place between male and female gametes at the fertilization to form new
member which will be either male or female in normal case.

Limitation of sex in many of organisms (except micro organisms) due
to the genes which are located on the sex chirgmnsomis,

It’s been found in [Muecious organisms (separate sexes) that male differs
from female in chromosome structure, these chromosomes which include the
difference called ses ¢hromsames which are different in two the sexes, so
can be X% in female and %% in male and conversely, the other similar chromo-
somes in male and female are called Autosnmes| 4 ).

When the sex chromosomes are identical in one of the sex, it will give
one type of gametes when it divides, this called homugametic sev. The other
sex gives two different types of gametes and this called hefernpumetic sex.
The following table is to identify the sex in the organisms which gives dif-
ferent gametes in its male or in female, that’s because of the difference in the
sex chromosome from the shape XY aspect or the number XO.

Notice the figure below which explains a mammal animal doesn’t the chromo-
some Y (XO).

Fdemrifying The Sex Syxiem
1. Males Geive DNifferert Crnteies

XY mimles SOF mid e

Are found in human, other mammals,
some insects and dioicious plants. Male
produce two types of gametes; the
gametes with X and gametes with Y
chromosome. Female contain only X
chromosome and after fertilization
zygote contains XX (grow in female) or

XY (grow in male).

Are found in some types of
grasshoppers and in two types
of mole Voles, male has one less
chromosome. The males produce
two types of gametes.Gametes
with X and gametes without X
chromosome. The single sex

male.

chromosome determine the sex of




Crenediers

2 Femveles Give DN Terenl Cricgietes

_"'..."L_F emalis Ny Fomales

1s found in moth and most of birds. is found in chicken and some butterflies

The chromosome % is much smaller than chromosome X in human
but it contributes with chromosome % in many of I¥™ A sequences. This chro-

mosome contains sex determining reglon of the ¥ (SRY ) and also contains
penospermis Tsetor (A£F), This chromosome is important in development
studies.

In some of twisted winged insects, such as bees, ants and wasp the sex
determines by completely different procedure, so the unfertilized eggs hatches
into males with haploid chromosomes and female with ililiilil chromosomes.

In some cases it has been found that the ratio between the sex chromo-
some X and the auto somes A determines the sex in Drosophila melanogaster.

Noticed that the change in temperature controls the determination of sex in reptiles.

In microbiology such as bacteria, some of them have got positive fer-
tility factor (F+) it behaves as a donor in the operation of fertilization. The
bacteria cell which hasn’t got the factor (F-) it behaves as a recipient.

"'..| v Leerkiered Fraeefs i |I:|I'|--|J-|||il.'f.'.||' .ll'-:'-r.l.'.l'-'_".-"\-:'-:l

These are the traits which express about the genes which are located on
the sex chromosome. These traits differs from the other traits in main property
that is represented at least by two genes in female and by one gene in male,
that’s because the number of the chromosome (X) in both sexes.

The first one who discovered the property of sex linked traits is the
scientist Morgan (1910) when studying the genetic of the colour of eyes in
Drosophila melanogaster, so he noticed that the trait of white colour of eyes is
linked to sex and its recessive in respect to red eye and also noticed that’s the
reciprocal cross to these traits gives different results.

Example 1

Female of Drosophila melanogaster which have pure red eyes crossing with
male which have white eyes, the first generation were male and female red eyes
by the ratio is 1:1 and when the first generation were left to self conjugation,
some of the product was male white eyes.

What are the genotypes for the parents and the member of two generations (F:,
Fi)?

 The gene of red colour eye is dominant over the gene of white eye.

v

{M1Z

combEning regior

B

Flgure .20 MMale determilnlng chro

mosmme in homan
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Figure 5.21 Difference hetwe-
en eye colurs of fruit fiy (for
siudy)
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Solution;

The gene of the eye colour in drosophila is linked to sex chromosome,
so it should always be sketched on that chromosome which is defined by X. It
refers to the gene of white eyes color (recessive traits) by the letter w from the
word white, it refers to the gene of red eyes colur (dominant) by the letter W,
can explain the result of this crossing as follows :

Female pure red eyes X Male white eves
& ke, Y
&7 o Xy
) XWX T Xy
Hybrid Femile red eyes Male red eves

1 3 |

Hyhiid femmle red evies X Miile ied ¢ves

P2 P b i Xy
Gz RV X A ¥
= JHRY ¢ Xy b G Xy
Female red: Male red Hybrid female Male white
eyes pure eyes v eyes: eyes

The results of this crossing differs to cases for the two alleles, one of
them is dominant and the other one is recessive which are available on the two
somatic chromosomes (Mendel genetic) as follows:

1-The rates in the second generation F2, are 3:1 in both cases but with regard
to the sex linked traits, the appearance of recessive trait which are (white eyes)
restricted to the male only.

2-Half of the male have white eyes and the other half have red eyes with regard
to this sex linked trait, also the results differs when conjugation female that has
white eyes with male that has red eyes as in example (2).

Exvumeple (2]
Reviprocal Cross foe the above cave in example (1)

When crossing female of Drosophila melanogaster (white eyes) with
male (red eyes), the members of the first generation were females red eyes and
males white eyes, when the members of (I|) conjugated between them, the
two sexes appeared in (IF1) by the ratio 1:1.
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What are the genotypes for the parents and for the member of (F1) and (F2)?
Given that the gene of white eye trait is recessive towards the of red eye trait.

Kol widane
We refer to a recessive white eyes gene (w) and the symbol for the dominant
red eye gene (W% ). We can explain the products of this reciprocal cross as fol-

lows:
Female (white eyes) X Male {red eyes)
40 Y, o, Xy
G P il r 4k 4
Fi e : X"y
Hybrid red exves female Wit eves mmale

When crossing the member of the first generation (F1) with each other ,we get
the following:

Hyhrid red eves female X White eyes miphe
. XWy XY
i A Y
b X 36w X*Y: R ol s
Flybrid red.  Redevesmale White eyes: White eves
eves female female male

e comclwle the follsieings from tlis cromi:

a. Differences of phenotypes for the first and the second generationone from
the results of the example (1) and from the results of Mendel’s traits.

b. The white eye mothers transferred their traits to the males of the first gener-
ation members, also the fathers transferred their trait of red eyes to the females,
and this type of genetic is called Criss-cross inheritance

¢. In the second generation we got the ratio (1:1) in each of the sex with regard
to the colour of eyes instead of the known ratio for the Mendel s traits which
are (3 dominant: 1 recessive).
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New finkedd feaits mig Jrieeeian
I. Cidewr Blindmesy

The cause of this disease is recessive, sex linked gene (%) taken from
the word (colour) and the ratio of this disease in male more than female by i
times. The effected person feels inability to recognize between the two colours
red and green (fig 5.22). That’s why he has to be careful when driving a car. In
the following the explanation of genotypes and phenotypes for this disease.

2. Haemophilia

The affect of this disease are described as inability of their blood to clot
when having a cut in the skin, that’s because of difficulty to breaking the blood
platelets, this because of aniihemuphilic factor which is called Factor Y111
is missing. Missing this factor is caused by a recessive sex linked gene %".
The genetic of this disease is similar to the genetic of color blindness except
the pure female in the gene of the disease (X"X") may die in the early stage of
embryonic growth.

1. Genvtic of dominant dex aked trair fne hainan

Some people have decrease in phosphor level in the blood serum. The cause
of this disease is a dominant sex linked gene (X"), the normal person has got
recessive gene ().

Praciicel exawple

Woman affected by Rickets her mother was affected, but her father was not
affected, she got married to a man (not affected) and she had four children,
there were a boy and girl are affected. What is the genotype for each member
of this family?
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Conclusion:

Some children are affected and some are normal that means the mother is hy-
brid in the gene of the disease, because if she was pure, then all the children
would be affected. Also we conclude that woman is hybrid from her father (not

affected).
Solution
Hyhrid female affected X Male not sffected
| AxE P
= X0, % X4y
] Koxs XN X _ Xy
Fﬂ'rl_llﬂ Mﬂz.iﬂ_ﬁiﬂlﬂ! Femabe ol Mlale
affectod hybod nfféctod st afTected

Figure 5.22 (for study)

a) Pedigree of color hlindness

|$| é é; @ (65 EJ} % (sex linked traif)

bl Shows the probable genetic
trail For each member.

cr c
(b)
Anvone who infected by ealor
I' [ ] blindness exnnot see pumber
CC. ¢ G ¢ & o “§” but see pumber 3™ frem
@ @ 0 08 the eolorfull clrele

i

[ [ |
C Cc Cc CcorCC CF CCorCc CCorCc ¢
AésFéeTe

Sev-influenced fraies

The phenotype for the trait depends on the sex of the person. Hybrid
express about phenotype in sex and the alternative type in the other sex exam-
ple for that is baldness in human.

It is known that this trait is controlled by the gene B which is available on the
body chromosome and its dominant in male, the baldness produces in male by
two genotypes IilE and Bk but it doesn’t produce baldness in female, except in
the case of lill although of that, the effect of it, isn’t as much as in male and it
express about it in later stage of the age. The appearance of baldness depends
on concentration of male hormone.
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The other sex- influenced traits are the trait of length and shape of the
feathers in chicken, horn in sheep and the colour of the hair in Ayrshire cow.
There are two offspring, one of them is red and the other one is spotty by black
and white, and the last type is more common in male.

Sex-limited traits

We have known when studied the recessive sex-linked genes will
be in male more than in female. Any there are other factors can affects the
express of the gene according to the sex (male or female) in a different ways.
Sex — limited trait due to a gene affects the structure or function of the body
which is available in male only or in female only. This kind of gene can be
located on body chromosome or linked to sex. Understanding the sex-limited
genetic is important for people who is specialist in looking after animals, for
example producing milk in cows affects one sex only but any of the parents
can transfers the genes which controls these traits.

Another example in human is the voice, growing beard, the size of
breast and sudden raise in blood pressure at the time near giving birth for
some pregnant women. In general female don’t have growing beard because
its disability to secrete the essential hormones for growing hair in the face.

{ frrnmesonie A fi:.!lrrp-ll-ng

The farther apart two genes are located on a chromosome, the more
likely a eross-over occur. The greater the percentage of 2 offspring showing
recombinant traits, the farther apart the genes for those traits must lie on a
chromosome.

Researchers conduct breeding experiments and use the resulting data
to prepare a chromosome map. A chromosome map is a diagram that shows
the linear order of genes on a chromosome.

Alfred H. Sturtevant, one of Morgan’s students, made the first chro-
mosome map for flies, To prepare his map, Sturtevant compared the frequency
of crossing-over for several genes. The percentage of crossing-over for two
traits is proportional to the distance between them on a chromosome.

Sturtevant defined one map unit as a frequency of crossing-over of 1 percent.
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Linkuee and Genetic € rawdng aver

Linkage is a case of availability of two or more of non allele genes
which tend to inherit with each other. The linked genes has got its location on
the same chromosome, it doesn’t distribute freely but it can separate from each
other by € ‘risssing (her which happens through Praphusse | stage in first mei-
osis which the two homologous chromosomes exchange some parts including
the molecule of 11T 4.

This exchange happens between the two non-sister chromatids for that
identical pair of chromosomes, it doesn’t produce new gene and it doesn’t re-
move old genes, but rearrange the alleles in one of the sexes or in both.

Figore 523 I shows how gene-
tical crossing over takes place
{For study )

Discovering the phenomenon of Crossing over by the scientist Mor-
gan (1910) helped in explaining the results of many traits which has heredity
procedure different than Mendel’s ratio. As we know that these Mendel’s ratio
applies to the traits which its genes located on different chromosomes, that’s
why it distribute freely at gametes formation, but when these genes are located
on the same chromosomes (Linked) its behaviour will change, so it doesn’t
distribute equally to the gametes, then we get different phenotypic - ratio to the
one we got in test cross for (Dihybrid Cross).
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So in this case we get two big ones are the product of uniting parents gametes
and two small ones are the of product of recombinations.

We get the value of Crossing-over as follows:

number of tecombinations X 100
the total number of offspring individuals

The product will be by percentage (%).

Alap unil or Centimuorgun is used to measure the distance between
the genes on the chromosome and each of them represents the value (1%) from
the Crossing between two genes. The amount of crossing or the seen recom-
bination’s proportional with the distance between two certain genes on the
chromosome, so if this distance gets bigger, then the possibility of crossing is
bigger, the genes which are close to each other on the same chromosome are
hardly connected to each other, this notice was developed by the scientist Mor-
gan which led him to put the theory of longitudinal order for the genes on the
chromosome which led them to put the genetic maps for the chromosome.

Also notice the map of the genes for chromosome X in human. This
was put by using some new techniques. The percentage of crossing between
the genes is affected by many genetic and environmental factors such
as chromosomal mutations like Inversion and also chemical mutations and
selection and sex, age, temperature and the x-rays.

Example;
Lirthage arrd GereticCroasing

When crossing the plant of Sweel peas with purple flower (1) and
long pollen (L.) with Sweet peas with red flower (1) and round pollen (1) all
the member of the first generation were plants with purple flowers and
long pollen, this result seems normal, because as we know that the traits
of purple colour and long pollen are dominant on the traits of red colour and
round pollen. But the ratio of the second generation is not identical with the
phenotypic - ratio ( 9:3 :3 : 1) which is particular by di-hybrid, also when using
test crossing we don’t get the phenotypic - ratio and genotypic - ratio (1 : 1 :1:
1), that’s means the two above genes are linked and in this case, can draw these
two genes on the chromosome to recognize them from the Mendel’s genes
which is each of them is located on a different chromosome as follows:
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Red flower round pollenX Purple flower long pollen
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100% peas with purple flower and long pollen {(hybrid)
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g L pl:p i sopil
pu rpl c Red Mower Red Purple
long pollen round flower long Mower round
pullen polien puollen
.-—-A——‘ '—h
more plunts because less plants
linkage because Crussing

The above explains the different type zygote I*Li/pl didn’t produce
the expected gametes in equal ratio. It produced parent’s gametes L. and pl
by higher ratio from the produced gametes of crossing pl. and F'I. that the
Jast one gave less number of individuals. The linkage always tends to keep the
parental combinations for the genes by fixed ratio nearly for any two linked
genes.
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Cytoplasmic inheritance

All the genetic information is coded in the molecule of DNA
which is available in the chromosomes in eiikaryies organisms. According
to this, can predict inheriting the traits in the families by knowing the behav-
iour of chromosome during division. But the [#™ A is not only available in the
chromosomes, it is also discovered in the mitochondria, green plastids, base
body for flagella and that was in the beginning of sixties. This discov-
ery explains some aspects of cytoplasmic inheritance or (Extermal nuclesr
imheritance) which is non-Mendelian inheritance; it includes transferring
genetic information through auto-multiply for the cytoplasm organelles such
as mitochondria, green plastids and others. The molecule of cytoplasm IV 4
shows a clear differences in nucleotides sequence from nucleus I A ,so it’s
divested of protein, same as in the molecule of "M A in Prekaryuies like bac-
teria, virus. The multiplying of molecule of 1'% A for cytoplasmic organelles
is similar to multiplying in prokaryotes, the studies showed its ability to do the
genetic expression.

Some descents of paramecium (firiliia) has the ability to secrete poi-
son which distributes in water media and its called Purmmecin, it kills the
member of other descents which belongs to the same type when they present
in the same media, it explodes the food vacuoles for the sensitive paramecium
which swallows it.

The paramecium who produces this poison called!Killerjand the par-
amecium who dies because of it called =cnsitivil In the cytoplasm of killer
paramecium, it’s been found that small particles called Kuppa purticles which
is similar to bacteria and it may contains a certain swallowed viruses. One of
the theory points out that these viruses reproduce through multiplying, and then
they produce poison which releases to kill the sensitive chains.

Kappa particles contains DINA and protein, each paramecium cell con-
tains 1iHk-2101) particles, its present in the cell permanently depends on a dom-
inant nucleic allele Kk, the paramecium will be killer when it contains kappa
particle and the dominant allele K in the two cases (Kk and KIK) and will be
sensitive in these two cases:

1-When the gene is recessive (kk) even if it contains kappa particle, it can’t
keep them, so it lose them after a few division.

2-When the gene is pure and dominant (KK) or hybrid (Kk) that s in the case
of kappa particles not present, so the dominant allele () can’t produce bacteria
kappa, only when there is a little part of it in the cell.

After the conjugation is completed, it produces two killer descents that
mean the trait of kill inherits through cytoplasm.
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Killer Sensitive

Conjugation

Sensitive Sensitive  Sensitive

Sensitive  Killer  Sensitive

When a killer one conjugates with a sensitive one in suitable condition
so (avoid killing the sensitive one) exchange of the nucleic material happens
without exchange in the cytoplasm (because conjugation period is short) (case
B) and after the conjugation is completed.

The sensitive one gives sensitive descent which carries the dominant
allele in the case of hybrid (& k) but is missing kappa particles, the killer one
gives killer descent (k) which carries the dominant allele and kappa particles,
that means the trait of kill doesn’t inherits through the nucleus, the produced
descent from the killer one inherits kappa particles, meanwhile the descent of
sensitive one doesn’t inherits it, because the exchange of cytoplasm doesn’t
happen, another example for cytoplasmic inheritance in animals is the effect of
genotype for the mother to point out the side of spiral the Limnaea.

w

Figure 5.26

Cvtoplasmic cxchange happens {(A)
orf deesn™t happen (BL The case{A)
happens when the time of eonjugs-
ftiom between the two descents the
killer and the sensitive = enough
P allow exchanging big smount of
exviuplasm between the two conjaga-
fed organisms, also to exchange ihe
nucleic material.
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Murations

Mutation is sudden change in succession of nitrogen bases of a gene
or of a molecule of I¥% 4 this change is associated with appearance of new
phenotype and genotype on the base of the quality of cells. There are mutations
happens in the germ cells which is represented by the gametes of organism,
the mutations of reproductive cells don’t effect the organism itself but it may
transfers to his children. There are mutations happens in the somatic cells of
the organism then effects it, for example some types of skin cancer and blood
cancer in human, this type of mutation doesn’t inherits.

Mutations can be harmful as in the case of wings reduction in Drosoph-
ila melanogaster, shorten legs in sheep and many of diseases and syndromes in
human, or can be lethal which leads to the death of embryo before birth.

Some mutations lead to useful phenotypes for organism, the organisms
with useful mutation may have better chance for adaptation, reproduction and
survive, so these organisms can be very important economically such as the
mutation which leads to increase the animal and plant production and improve
the quality.

Mutations can be represented in changes in certain chromosome this
called chromosomal mutation or in certain nucleotide this called genetic muta-
tions.

First: Chromosomal mutations

Chromosomal mutations divide into two main types:
I. Mutatlons because of changes g ihe number of clramiesanes:

A, Ancupluidy, in this case there is one missing chromosome or one extra
chromosome.

H. Polypleidy, this is an increase in complete chromosome group so the organ-
ism has triple-chromosome(3n).

2. Mutations becuuse of changes in strueture of chromosomnies:

A) Change in the number of genes that includes deletinn which means losing
part of chromosome.

B) Change in the order of genes that includes inversinn which is part of a cer-
tain chromosome breaks and reverses, then unites again with the chromosome
itself and the transition which part of a certain chromosome breaks and unite
with another not identical chromosome.
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Some chromosome mutations are the loss or gain of entire chromosomes. The
mutation that gives a person three copies of chromosome 21 results in Bhswn
Symdrame. 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 to
that one of the gametes contains an extra chromosome, at the same time the
other one is missing this chromosome and this case called Ihiwn syndrome,

&

'

L
-
% Figure 5.28 Chromosomal mu-
tations {for study )
Deletion

It is the product mutation from deleting or adding or exchange one nucleotide
with another one which belongs to one genetic location (Locus).

06
000

Translocation Inversion

Second: eneiic wufiiion includes i fpes:

1-Point mutations:

I- Dheleting mutation: In this one nucleotide will be missing from a certain
gene. This deletion leads to incorrect combination for remaining Codons, this
called Frame shift mututing which leads to change all the amino-acids which
locates after it (A). This mutation may leads to dangerous affects in the func-
tion of protein.

Lo Insertion Mutatlon: This is to insert one nucleotide into a certain gene
which may leads to IMsplace Mutation too.

Figure 5.29: (21) numbered chro-
mosome repeated three times in
down syndrome { Trisomy) {for
sty )

A Substitetion Muiation: One nucleotide replaces with another one (). 1If
this Substitution happens in a certain codon, the amino-acid changes. There
are many types of substitution mutation as follows:

@
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Figure 5.30 Gene mutation

(for study)
A In a substitution mutation,
one nucleotide replaces anot-
her. forming a new codon that
may signul the insertion of the
wrong aming ackd.
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ses all subsequent codons o be
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framee-shilt muoiation. Addin-
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ading,
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A- Missense Mutation.
B- Neutral Mutation.
C- Silent Mutation.

- Nonsense Mutation.
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2o Pusplycate Mutation

This includes affect more than one pair of nitrogen base for the gene,
this happens through repetition of copying part of gene.

Average of occurrence mutation:

Most of organisms have got many genes, so the possibility of occur-
rence of mutation in one of these genes is very big. It’s been known the average
of mutation for the one gene in drosophila melanogaster is nearly 10%-10 so
once for each 100000 million gene in one generation.

The total average of mutation in these insects is around %5 - 3% The
average of mutation differs from gene to another in the same organism.

This average may increase when an exposure occurs to some Mlistis-
gens like radiation with high energy such as ultra violet rays and ionic radiation
like x-rays or some chemicals like nitric acid, metallic salts and formaldehyde.
It is clear that a number of known chemical materials can be careinagenie.

Anti-mutagens

Because of the problems which mutation causes, the scientist have found re-
cently anti-mutagens material for some mutations:

1) Ble nnii-muaiasenst These are stopping factors, it has role within multiply-
ing the DNA or other factors which has role within the operation of repairing
the damage.



2} Des-mutagens: This is like finding anti-material which works directly on
mutagens such as anti-oxidation or finding Blocking Agents.

Despite of human genetics regards as the oldest branch of the practical
genetics, and the human species ( Humno sapiens) is most important target to
study the genetics, but this branch developed slowly comparing by the other
branches of genetics, that’s because of many difficulties which facing the re-
searches in this field and they are as follows:

I- The small size of the human families don’t allow all the possibilities to ap-
pear, so it is difficult to make sure of the purity of the parents traits, so the big
size families are more desirable in the genetic studies, but the number of the
biggest human families is much less than the right number to put genetic ratios
statistically testable.

1- The age of one generation since the birth until it reaches the age of adoles-
cence are many years, so following the traits in the next generation takes long
time.

I- The marriage in human is regarded as private issue which is impossible to
control it or direct it according to the marriages which are controlled by exper-
iments.

4- Many of human traits are not controlled by Mendel’s genetics but they are
controlled by non-Mendel’s genetics such as an accompanying dominant, in-
complete validity, interference the genetic action, multi genes with an accu-
mulated affect which is impossible to study the effect of each one individually.

5- Large number of chromosomes in human comparing to the other organisms.
Studying the haman genetic depends on the Following:

a- Noticing appearance or disappearance the traits in the members and the rela-
tives through generations by drawing the family tree and collect statistical data

for one family and many families with the relation to the studied traits.

b- Studying the changes in the genetic frequencies and the interference with
the environment which is regarded as important database for surgical medicine.

¢- Dependency by modern molecule techniques through knowing the nitrog-
enous bases successions for the gene and link it by the function of that gene.

Pedigree is a diagram shows the producer of a certain trait’s genetic
throughout many generations. The squares in this diagram refers to males, the
circles refers to females.
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Figure 531 Pedigree show
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» The square or the dark circle means the presence of the trait or the case with
the person in a certain generation and vice versa for the light colour symbol.
*The horizontal line which connects the male to the female refers to the mar-
riage.

*The vertical line refers to the children which have been arranged from left to
right according to the order of the birth disrespect of the sex.

*The Roman numbers refers to concession of generations.

The four members in the fifth generation for the above pedigree are
called Carriers for the gene, because they have one recessive allele only but
they are not affected by the disease, but each family of them have the ability to
transfer it to his son and his daughter by concession (from left to right).

Female
Infected female

Male
Generation
Infected male

_JuN M@

Vi

The people who are interested in genetic may know the genetic of some traits
and the genetic abnormalities through analysing the patterns of inheritance,
so analysing the expression about the genes throughout the generations by the
pedigree. The standards of dominant traits which are the responsible gene for
each trait is located on body chromosome.

1- The trait transfers in male and female by equal frequency.
2- The consecutive generations are infected.
3- Stopping the transfer after the generation which there isn’t any affected one.

The vimrdards af the receseive frafes gre fre follo B
1- The male and female are frequently affected at the same level, and the af-

fected members can transfer the gene except in the case of death before the age
of adolescence.
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2- The traits can disappear for number of generations.
3- The parents of the affected person are heterozygote or carrier of disease.

The effect of genetics is not limited to appearance or disappearance of
some traits only, but extends to the function of some organs and their prepara-
tion to get affected by certain abnormalities which transfers from the parents
to the children in an identical form for other traits, example for that poly sacs
in kidney for the dominant gene which causes that and the disease of cystic
fibrosis for the recessive gene which causes that (table 5-6).

Tuble S Same Tralis
{ Dominoat, Recessive) in humin.
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Figure 531 Some common
genetical traits in human

{Fo study)

Bending thumb to back Bending thumb to front

Human Chromosomes

The chromosomes which are not directly related by determination the
sex in human are called Autosomes and they are 22 pairs and the remaining pair
as we know it represents the sex chromosome (one pair represents the sex).

Chramaseimes of koaman peay i fforentiote aocording f cenironreras
location to the folfmwing rpes:

a- Metacentric Chromosome; centromere is located at the centre and the locus
of chromosome at the same size.

b- Submetacentric Chromosomes; centromere is closed to one of the poles and
locuses are in different sizes.



¢- Acrocentric Chromosome; centromere more closed to one of the poles and
look as “I”” during cell division.

d- Telocentric Chromosome; centromere located at one of the poles.

Ak XX

Telocentric Acrocentric Submetacentric Metacentric

Figure 533 Types of chromo-
somes according (o cenltromere

On the bases of the length of chromosome and centromere’s location, prosifions
the chromosomes of human can be ordered in 7 groups of Autosomes from A
- (5, and one pair of sexual chromosome either (XY) or (XX). On that base so
the 23 pairs of chromosomes in body cells divides into the following:

Figire 534 Chromasaomsal sys-
fem of a pormal male cmbryo
{Tor stidy)

Digpnosing the penefie diseases

People who have got family history in getting affected by a genetic dis-
ease usually have the genetic examination, especially before having children,
there rion rietfioels fo diagnose:

u- Method of Ammnincentesis.
I+« Method of examine of € huriumir willi which are located in the lining of
uterus.
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FArgd carar fre elerrnis Bop debapiny WV

I. E¥ies: This described for some genetic metabolism diseases such as phenyl
Ketonuria.

LMystonhierapy: This described for cystic fibrosis patients, so the patients
have many sessions which hitting on the back and the chest will be used to get
the sticky mucus from the lungs.

LU shog certmdn lnjecthons for some diseases such as insulin injection which
are used to treat urine diabetes and the injection of blood clotting protein to
treat Haemophilia.

Ao Using some surgleal aperations for the embryo (limited cases) to repair
some genetic abnormalities.

S, Dreatment by e genes, exchanging the gene which suffers problems in
function, that’s by reducing the symptoms of disease which the original gene
is responsible for it.

Genetic counselling

Many people with a family history of a genetic disease also undergo
genetic counselling, the process of informing a person or couple about their ge-
netic makeup. Genetic counselling is a form of medical guidance that informs
individuals about problems that might affect their offspring. By studying the
data from genetic screening tests and the family’s pedigree, a genetic counsel-
lor can predict the likelihood that a couple will produce an affected child. For
diseases that have both genetic and environmental influences, such as diabetes,
physicians and counsellors can advise families on how to lower risk factors.

Nl fieldy wihilch con e connsefied

1. Know the range of affecting some members of the family by one of the ge-
netic diseases.

. Know what leads to (relative marriage) possible genetic diseases.

. Know the causes of irregular sexual formation or late sexual maturity.

. Give advises in case of frequent miscarriages.

. In case of identifying the father.

». In case of finding out the danger of medicines and radiation.

a o N
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Human {.:1".’1’-'-'.-'”!"

After a half century of discovering the structure of DNA, genetic sci-

entists knew the genetic successive or human genome which includes order of
about 3,3 billion pairs of nitrogen’s bases in human chromosomes. Scientists
looking forward to know the information which the nucleotides succession will
determine for 3™ A real terms.
That’s by developing new and important field of biology fields (Hiebmfarmua
fe=)y which is aiming to program the computer to help to explain and analysis
most of 1% 4 nucleotides successive and expect genes presence places and the
functions which control by it, also comparing between successive of different
nucleotides for 1™ A
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Mendel through his study for many traits in plant of peas concluded
that there are genetic factors controls transferring the traits in the organism, but
what are these factors, what its procedure to store the genetic information and
its ability to solve the vague information which puzzled the scientists. Later
through their studies and researches could solve some aspects of that puzzle
by insistence of scientists to find the solution for one the respiration system’s
diseases which was spread in the society in |92§ .

Scientists depended on three studies definite that DNA is the genetic material:
1. Krevet experiments on bacteria, so he explained that there is genetic factor
which did the Truunsformation he could transfer the ability of killing between
types of bacteria cells.

2. The experiments of Avery showed that I1™ 4 and not the protein are respon-
sible of Transfurmation in bacteria.

3. The experiments of Herahiey and € hnse, these two scientists in (1952m)
had a test to know if (the DNA or the protein) is the genetic material which the
virus transfer it or haeterinphagis. Can explain this experiment in three steps:

» Radiation was used to distinguish [¥™ 4 from the protein in virus, so radiated
phosphor {1*%) was used for the ™4 and the radiated sulphur (8) was used
for the protein. After that the two scientists left the virus which contains the
radiated phosphor and the one which contains the radiated sulphur individually
to affect the bacteria (Escherichia coli).

* The layers of virus were removed from the cells by certain processer.

» The viruses were separated from bacteria by using Centrifuge. The result
was all viruses’ 1¥% 4 a little bit of protein interred to bacteria. On that base it
was concluded that the part of virus which affected bacteria cell and multiply-
ing its 1% 4 not its protein.

3g.labeled Result Conclusion
protein ™ JBac’(eriophage

|
ki

. 38 radioactivi
- did not enterty Profin is not
' .
Experiment 1 I (A e bacterial cell the hereditary
material.
Bacterial cell
3p.jabeled
oNA = | gl
'H.| II 32 . Y
| * * pradioactivity  pNAis the
‘5 entered bacterial ;
Experiment 2 A hereditary
v cell. material

© Label bacteriophages ) Use blender to remove & Centrifuge to separate
with radioactive isotopes  viruses coat from surface heavier bacteria from
Allow phages to infect of bacterial cell. lighter phages
bacterial cells

Firure 5,35

Hershey amd Chase, bael o tesi snd
eoncluded ihat DNA s the 2emelic
murterkal which the virus raasie

P8, A Do sk il §

189



( Chapter - 5 ) S—

The strmedurey of DNA

Until the year 1953 the biology scientists were proving the idea of
13 A is the genetic material but before that time they didn’t know the structure
of 11™ 4, then two scientist Watsun and € rick put the idea for 1#% A structure;
it is basically consist of two wnti-purullel ¢huins, one of them turns around
the other one in a shape of double spiral and the nitrogenous bases for one of
the chains connects with the bases which are relate (complementary) in the
opposite chain by hydrogen bonds, also the sugar circles and phosphate group
in each of the chains by covalent bonds.

Deoxyribonuecleic acid (BMNA) is regarded as a complex chemical
compound. It is present in all living organisms and it is important. It is present
mainly in the nucleus within the chromosomes which forms from the chro-
matin reticulum, and the chromatin material forms from units of Mueleosmme
which is consist of four molecules of histone each one presents in dual case,
11 & molecule includes this structure. DNA also presents in some cytoplasmic

Figure 5.36 Double helix form organelles as in mitochondria and plastids.
ol I AL (for study)

Molecules of DINA is the biggest bimolecules, as polysaccharides
are consists of number of units or small molecules which are mono-
Guanine (G) saccharide, the proteins are consist of number of units or smaller molecules

CI) which are amino acids, so the nucleic acids are consist of a big number of
H\N"‘ ‘ ‘
| Hy
H
H

frequent building units called Nucleotides.
Nitrogenous

base

! Ench Nueleotide consives of three simplest imofecules conmecied witl
5 eael apher direcily if B froeme el i froadle gy follses
H
Phosphate
H o4 9o
Sugar {deoxyribose) 2. Phosphute group: This consists of an atom of phosphate (') is connected
by four atoms of oxygen {i}).
The alternate molecules for phosphate and sugar forms the two sides of [¥™ A
chain, so the nucleotides which are on the way of each chain connects by cova-
lent bonds combines between the sugar of one of the nucleotides and phosphate
group for the other nucleotides. The covalent bond is unites two atoms as a
result of corporation of each one of them by an electron. The sugar and phos-
phate are identical in each nucleotide.

1. Peniose sugur which called Densyribose, the molecule form is (C, H ).

Figure 537 A) Stracture ol noele-
witide |for study)

I Mitragenous Base is a ring compound which contains nitrogen, in addition to
carbon, hydrogen and oxygen except adenine which doesn’t contain oxygen.
The distance between each base and another one is constant.

Tipes of Nitropenous Bases

l-.ff;.rr'n'f.l:.-'a"."ﬂr.' intchiicles r.l!r:'_l,l"q;l.lfu"':.-n:.:'rrW noreed bases:

1) Thy e ¢ 1) it is available in 13 A only.
2) Cwlesine (L) it is available in both nucleic acids.

Figure .37 B Struetore of nucles- T i "
3) U'rucki {1} it is available in 1€ 4 only.

some | for study )
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B-Prrines: fncludes P boses:

1) Adlemlme { A) it is available in Id% A and KM AL
2) Cammninge (i) it is available in I¥% 4 and R 4.

Purines
[ L ] |
Guanine (G) Adenine (A) Cytosine (C)
H H
o) N7 H
I | y |
H\I ~
H —H
Han~ H . il

The linkage of the bases between two chains is not random, but it is
bounded, so adenine in one of the chains always connects with thymine in the
other chain by two hydrogen bonds, and cytosine in one of the connects with
guanine in the other chain by three hydrogen bonds.

In 1949(A.C) the scientist Chargaff ingratiate that the percentage for
Adenine equals the percentage for Thymine, also the percentage for Guanine
equals the percentage for Cytosine in the DNA for a various group of organ-
isms and these pairs of bases are called Complementary base pairs.

So the order of the bases in one chain of the DNA molecule or RNA is com-
plementing for the structure of the bases in the opposite chain. For example
the chain of 1" 4 with order A AL the opposite chain will be in completing
order T Tz

Complementary base pairs are important in DNA’s structure and function for

two reasons:

1) Because the bonds between the base pairs helps to hold the two DNA chains.

2) Because of complementary nature for the DNA helps to explain how it is
replication before the cell division.

Evample: If you know the succession of the bases in one of the DNA chains

is: T &, Wi, &, 40" How the complementary bases will be in the opposite
chain?

Kalwrioemr

The succession of the given bases is: TCT GTO GAC

The supplement succession willbe @ AfLiA L AL O Ti,

The above shows the DNA is very important, because it is the forming material
for the genes, the succession of the nitrogen’s bases determines the traits of
organisms.

Figure 538 Structure of purine
and pyrimidine nucleotides
{Tor skudy )
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Ribonucleic acid (RNA) is available in the nucleus and in the cyto-
plasm as the case in the nuclei, and in ribosomes and in other structures. This
acid can be the genetic material for some viruses; also it is very important in
protein synthesis and the enzymes. This acid is similar to the DNA in chemical
building units, but it differs in limited aspects as the following:

1) B™ A contains ribose sugar C_H, O_ instead of ribose sugar missing oxygen
€, H_ 0 whichisin DNA. '

2) ™ A contains nitrogen base Uracil instead of the base Thymine which is in
1NN AL

3) KM A usually consists of one chain not two as in DNA., But some parts of the
RNA may bends to become binary chain, in that Uracil connects with Adenine
and Cytosine connects with Guanine.

4) WM A is short (nearly equals the length of one gene) but he [¥% A is a huge
molecule contains hundreds or thousands of genes.

5) KM A carries instructions of protein synthesis, but the 1% 4 can give the
instructions only.

6) ™ A can behave as enzyme, but I8 A can’t do enzyme function.

We will mention three types of % A4 and all of them are made in nu-
cleus of the cell and transferred to cytoplasm, so it has role in protein synthesis
and they are:

I} Alessemper mB™ AL it 1s a molecule transfer genetic message from DNA
which is available in the nucleus to the ribosomes which is available in the
cytoplasm in the cells of eukaryotes.

2 Hibosamal (P ™ Aj: it 1s part of the structure of ribosome; it shares with pro-

tein in its formation.

3 Trnosfer (LM AL it transfers amino acids to the ribosome for protein synthe-

sis. It was noticed the amino acids connect to this acid (ERNA) before transfer
it to the ribosome.

Genetic Code points out the succession of nitrogen’s bases in mRNA
(Messenper M A) so three nearby nucleotides represents Codons and deter-
mine an amino acid or points to the beginning of Initiation or to stop the trans-
lation.

The main property for the genetic material DNA is the ability to repli-
cation in the beginning of each cell division to make sure transferring it to the
new cells.
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Replication's steps:

1) Helicuse enzymes separate the '™ A's chain, so these enzymes transfer on
the length of this molecule to open the hydrogen’s bonds between the comple-
mentary bases. The product of separation these two chains is an area looks like
the shape of letter (') which is called replication fork.

2) The enzymes of 1™ & Pully imesase adds completing nucleotides which are
inside nucleus to each one of the original chains and off course the covalent
bonds form between nearby new nucleotides, also the hydrogen’s bonds forms
between the complementary bases which are on the original and new chains.

Notice the direction of the arrows in this figure at replication fork that building
the DNA is in opposite direction in each 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 "4 & | ki,

3) I A Palymerase enzymes ends the replication and then separate from it
and produces two separated molecules in each chain, one of them is original
and the other one new, so this kind of replication called Senmi-Cunsersuative
Replicatbon.

The replication is carefully done, so one mutation can happen for each
one billion of added bases pairs, the reason is the presence of INS A jinly merase
enzymes which mostly repairs the mistake.

Chromosome

Free nucleotides

. 12

DNA polymerase

Leading strand

Original —=;
(template)
DNA
Replication = r r r
fork
e Adenine

@==x Thymine
@ Cytosine
@ Guanine DNA polymerase Origina!l (template) DNA strand

Figure 539 Stages of DNA

replication (for study)
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Transcription is the building operation of RNA by using one chain of
I¥% 4 as template. Tramseviption is regarded as the first stage of protein syn-
thesis, the steps of transcription as follows:

1- EM A polymerase enzyme which is the enzyme that stimulates producing
1M A from the 3% A& template connects in Promoter situation that leads to untie
the wrapped 11 A chains and their separation.

2- I#MA polymerase enzyme adds RNA free nucleotides to the nucleotides
which are in one of the [¥% A chains and it produces a new RNA chain. As the
case in |¥M 4 replication so the pairs of complementary bases determines nu-
cleotides succession in K™ /A& which is made recently.

Far exampie;
If the succession of the bases in [¥% & chain is: £_& i £ T A so the succession
of bases in ™ A chain will be as the following;:

Succession of the bases in [¥% A4 chain { Ad: C T A
Succession of the bases in [E%A chain L €, 41

Figure 5.40 It shows the stages After It™A polymerase enzymes have left the area of gene which had been

of production of amino acids transcript, the DNA chains wrap again.

from genes. Each three nucle-
ofiide form a codon and each
codon used to prodoce an
aming geid. (for study)

3- After E™ A polymerase enzyme arrives to the ending signal it releases new
K™ A with different types.

The product K™ & may perform its function in the cell. The enzyme can tran-
script another gene.

DNA

(A)

mRNA

Codon

(B)

mRNA

J Amino acid

Glutamate

P =
Thereonine Prolin
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Translation is regarded as a step in protein synthesis and it happens in
the ribosomes and codons have been used in mRNA molecule for the determi-
nation of amino acids succession in polypeptides chain and include three main
steps:

FiImitiseion Seage: (RNA connects with it A and two building units for the ri-
bosome with each other. Certain enzymes connects the amino acid methionine
at one of the tRNA sides according to initiations codon Al'(; in the mH™.A
which couples with anti-codon UAC on the other end for 1lt® 4. The amino
acid methionine is regarded as the first nearly in all polypeptides but it may
disappear later.

1) Elongation Stage: [n this stage the chain of polypeptides form, the anti-codon in
il ™ 4 which carries the suitable amino acid couples with the second codon in
milt™ A, follows the separation of methionine from the first tRNA under the
action of ribosome. Then a peptides bond forms between methionine and the
second amino acid. Also the first tRNA leaves the ribosome and the ribosome
moves forward alongside with the molecule of mRNA one codons distance.

A Terminathisn Stagre: When the ribosome arrives to the stopping codon like {1/{:4
or LIAds ur LA 4 ) on the mBL ™S A this leads to separation of polypeptides chain
which was formed from last tRNA and a release happens in the cytoplasm with
leaving last tRNA for the ribosome, also the two building units for the ribo-
some separates from each other and the ribosome moves away from mRNA.

Translation of mRNA doesn’t get completed only after the transerip-
tion which was mentioned before is ended, this is in eukaryotic.

In prokaryotic that don’t have nucleic membrane separates its nucle-
ic acid (DNA) from ribosomes which is present in the cytoplasm, so it can
start the translation before the transcription ends. A new ribosome can start
the translation of mRINA in case the previous one retires, therefore many ribo-
somes may translate the same copy of mRNA, and this kind of translation is
called polysome.

Sirercta it arndd FrrnctredE of pEafenn

The shape of protein has a big influence on its function. Each protein
consists of one or more polypeptides, which are chains of amino acids and is
connected by peptide bonds. There are (20) different amino acids in the protein
of organisms. The chain of polypeptides consists of hundreds or thousands of
the (20) different amino acids which are ordered according to special succes-
sion which gives three dimensions structure for the protein.

-——Codon in mRNA

Anticodol>
in tRNA

Amino acid

Amino acid
carrier’part
of tRNA

Figure 5.41 A ivpical tvpe of
IENAL (Tor study)
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Figure 5,42 11 shows the activi-
ties of restriction enzyme{Eca
BRI} ifor study)

( Chapter - 5 ) —

Crenetic Enpincering

It is the techniques of changing the genetic structure for the living cells
or the individuals through removing some genes or hybrid a new molecule of
DNA or altering it to enable the cell or the organism to gain the desirable traits.
The following are main needs for the technique of genetic engineering:

1. A method of cutting down the molecules of DNA which carries the required
gene to transfer by one of the restriction enzymes.

2. A suitable carrier which carries the new piece of DNA. This take place
through it’s unite with 1% A carrier with the help of DNA Ligase enzyme, so
the hybrid piece (rl¥™4) marked by its ability to replication inside the recipient
cell.

3. A method to enter the hybrid piece of (rDNA) including the carrier piece for
the gene that is going to be transferred to the recipient cell.

4. A method of finding the recipient cell and its generations which carry the
desirable hybrid piece and separate it from the rest of colonies members who
doesn’t contain that piece.
The fodivwing is a summary of some of these needs:
. Restriction engymes;

These are bacterial proteins which are used to know the certain succes-

sion of nitrogen bases for the 11 & molecule and it’s cutting down. Also these
enzymes break the internal phosphate bonds for the 1™ 4.

Restricton enzymes

Vector DNA
.
Sticky
' e 610 B AATTC
] T i1G

<+ Sticky ends

=TT T G L\ ]_DNAfragment

|__’__|.I G e . of interest
Sticky i
end l
i GIAATTC G AATTC
¢ CTTEAL G CTTAAIS

Recombinant DNA



The carrier:

The carrier has a main role in this technique and they are the following:

First: Pacterlophage: Phages are simple structured viruses which affect the
bacteria or remains inactive. It contains single or double DNA strips or it may
contain single RNA. An example for this is the phage lambda.

Secomd: Plasmilil: It is a small circular from the additional DNA molecule
which is present in many bacteria.

- It carries a small number of genes which are responsible for some traits like
Bacterial resistance for the antibiotic.

- It replicates itself independently from the bacterial chromosome.

- It can be transferred from one bacterium to another and for many organisms
such as yeast, fungus and insects.

rahie is the molecule of Ii% 4 or K™ 4 which is mono- chain and it is
marked by radioactive phosphor and complement for the DNA desirable suc-
cession and it is required to find it, as a result of connection between the probe
with complementary DNA piece will form a double radioactive spiral.

As for the insulin gene given in the probe is regarded as the RINA
for this gene. Usually the specialists transfer the DNA from the re-structured
bacteria into filter paper for the purpose to find out if the bacteria contains the
desirable gene, when the bacteria is viewed under ultra violet rays or when it
is exposed to photographic film, the elunes cells which carries desirable ™A
and is distinguished by the probe stuck to it and it will become light and shiny.

Genelils L acHces

I. Determine the succession of complete nucleotides (Human genome) to know
the genetic map.

1. Its used in justice field.

I, Its used in the field of following the human immigration and some other or-
ganisms from its environments especially the ones threatened by extinction.

I. Producing human insulin hormone, protein interferon material, clotting fac-
tors number (8), blood protein and different vaccinations.

5. Transferring the trait of nitrogen fixation to other types of bacteria.

i1, Transferring the trait of root nodules formation in the beans plant to other plants
which are economically important.

i. Developing researches of using the bacteria in research field about presence
and purification and concentration of the minerals in the soil.

E. Developing the ability of micro organisms to limit some dangers of pollu-
tion.

fl. Applying selection systems in marriage of disdains of cows, sheep, horse,
chicken, fish and others.

111, Applying genetic concepts such as artificial selection and hybridization and
regular birth to produce useful plants for humans in big amounts, also taking
the advantage of twin’s phenomenon in cows and sheep to produce useful an-
imals.

197



Human cell

Plasmid
Bacteria Restriction enzyme
Insulin
Cul DNA with restriction
Cut DHAM , s
restriction enzymsa Sticky ends \"____I-luman gene for
insulin
\ j bwnd the DNAs and jain
tharm logetgar with Dk
% |lgase
' Recombinant
& Dlasmid 4
¥ Inserl recormbinant
plasmid inbo bacisrium
1 Recombinat
licrey bactarium fo
midiltiply
Figure 5,43 The ability of producing human Baciena able io produce

insuling by inducing bacterin cells (for study) hasrman insulin




1) Debine the Tollowing:
Genetics, Monohybrid Cross, Heterozygous, Mendel’s first law, Restriction Enzymes, Probe, rRNA, sex-linked traits,
Lethal alleles

(31} Mention the properties of the scientist Mendel which made him famous in genetics.
33} Mention some scientists who contributed in the progress of genetics with pointing out their best achievements.
i34} What is the meaning of Phenotype (P) and Genotype (G) and give some examples.

)5} A man with blue eyes got married with a women with dark brown eyes, they had a number of children all of them
had light brown eyes. Explain the genotype for all these people according to the rules of multiple genes.

i M} The plant of peas with red flower was crossed by another one with white flower, all the product plants where red
flowered plants and if you fertilize one of the first generation individual with one of the parents, what are the Phenotype
and Genotype for the individuals of second generation, and what is the type of cross in this case?

37} Guinean pig with rough, black hair was crossed by a female with rough, white hair, they had a number of births
as the following: 3/8 rough black, 3/8 rough white, 1/8 smooth black, 1/8 smooth white: what are the genotypes for the
parents and the product individuals? The traits of the rough hair and the black colour are dominant.

(1) In yellow mice (Yy) the Allele (Y) will be lethal, when intercourse takes place between those, all the pure yel-
low colored individuals die. Explain the phenotype for all live individuals only.

i} Anintercorse took place between Mexican dogs with normal hair by another one with no hair, half of the first gen-
eration individuals were with normal hair and the other half with no hair, when intercourstook place between dogs with
no hair, the individuals of product generation where as follows: 1/4 normal hair, 1/2 with no hair, 1/4 with no hair dead.
Explain this result with trying essential cross.

i 3111 In Drosophila melanogaster the intercourse of (normal wings x 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 resultsi.e: The obtuse wings are dominant trait.

Q11) Mention the properties of the used animals in genetic experiments?

(112] A left handed man who infected with haemophilia, got married with a right handed woman who carries the disease. Half
of the children (boys) were affected by the disease, half of the girls carrying the disease, also they had two normal chil-
dren within this generation, and one of them was left handed. What is the possible genotypes for all the children in this

family, given that right handed and not affected by haemophilia are dominant traits.

1}13) The disease of Color Blindness is caused by a recessive, sex-linked gene, if an effected woman got married to a
normal man, what are the expected phenotypes for their children with respect to this trait.

3141 What are the Phenotypes and Genotypes for the blood groups for the children of each couple?

A)I'E X IPI° B)PI® X I°I°
C) Hybrid man A X pure woman B, D) Man Rh+ X woman Rh-.
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()15) A man with blood group A got married with a woman with blood group B, Rh is positive for both, they had two
children one of them with blood group O- and the other one with blood group A+, what are the Genotypes for the parents
and the children?

)16} In which cases is the fetuslife in danger, with explaining the reason, when the embryo is with Rh+:

A) When the man is Rh- and the woman is Rh+.
B) When the man is Rh+ and the woman is Rh-.

{117) Mention the reasons of blood transfusion failure in some cases?

L Explaln ibe Follawing:

1. The people with blood group (O) are described as general donors.

2. When crossing creeping cock with creeping chicken, the quarter of the product was dead.

3. Appearance of dusty individuals when crossing female sheep (short horns, red hair) with male sheep white hair.
4. Mongolian is regarded as chromosome mutation.

(J19) A plant with long stem, how can you know about of the purity of the dominant trait in it?

Q20) Is it possible and why?

1. Having a child blood group (O) from mother (B)and father (AB).

2. Blood Transfusion from any person to another one who is same blood group.

3. Finding unlimited number of Alleles for each gene.

20 Wrate the ||_--.|'|-|:|t.|I-I|- € atmhe mhvorad:

1. Baldness 2.Hemophilia 3.Chinchilla rabbit 4.Color Blindness 5.Sickle-cell anaemia.
i)} Mention the difficulties which the scientists faces when doing genetic experiments on human.
)13 Mention the steps which the techniques of Genetic Engineering include.

324y Explain by drawing the method of transferring insulin gene in the human to bacteria and obtaining a hybrid
gene (Reformed).

i) 25) Compare between the molecules of DNA in each of the Nucleus and the cytoplasm.
1) 2sh Do the functions of some genes be affected by the environmental circumstances? Explain by giving an example.

[} 271 When does Paramecium orelia becomes killing and when does it become sensitive, Mention the genotype for each.

) 2K} What is the relation between the plasmid and the rDNA?

£} 29} The following symbols represent succession of Nucleotides in the DNA molecule. TAC GGT CTC AGC

“

1. What is the succession of copy of mRNA produced from the above succession?
2. What are the Anti-Codons in tRNA which is linked to the copy of mRNA as above?

{1311) Probe is regarded as a chain for DNA or RNA mono recognized by radiated material or by florescent color. How
do the genetic scientists use it to determine the location of IDNA?



