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students in the United Republic of Tanzania. It is written in accordance with the 2005
Biology Syllabus for Secondary Education, Form I-1V issued by the then Ministry of

This textbook, Biology for Secondary Schools, 1s written specifically for Form Four
Education and Vocational Training.

The book consists of five chapters, namely Growth, Genetics, Classification of living
things, Evolution, and HIV/AIDS and other STIs. Each chapter contains, illustrations,
activities, projects and exercises. You are encouraged to do all the activities and exercises
as well as other assigments that your teacher will provide. Doing so will enable you to
develop the intended competencies.
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Chapter

One

Introduction

Growth is one of the fundamental characteristics of living organisms. It enable
organisms to increase in number of cells and size. In Form Three, you learnt about

reproduction which results in the formation of new offsprings. In this chapter, you will
learn about the concept of growth, mitosis and growth, growth and developmental

stages in humans, and growth in flowering plants. The competencies developed will
enable you to manage some factors affecting your own growth and development and

that of other organisms.

Concept of growth

Growth 1s the 1irreversible process of
increasing number of cells and size of an
organism. The increase in number of cells
1s a result of the process called mitosis.
In this process, the nucleus and cytoplasm
of a cell divide to form two identical
daughter cells. In animals, growth occurs

in all parts of the body whereas 1n plants
it occurs in specific regions of the body

such as at the tips of the shoot and root.

Usually, the growth rate of an organism
increases with time. This type of growth 1s

known as positive growth. At later stages

BIOLOGY FORM 4.indd 1

- of an organism’s growth, the rate of growth

slows down. This type of growth 1s called
negative growth. Positive growth occurs

- when synthesis of materials (anabolism)

exceeds the breakdown of materials
(catabolism) while negative growth occurs
when catabolism exceeds anabolism. The
growth of an organism is accompanied by
development. Development 1s the increase
in complexity of the organism and ability
of the organism’s structures to function.
Development involves differentiation of
cells. Differentiation 1s the process by which
cells and structures become specialised
for performing specific functions. It

09/03/2022 19:02
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involves changes in both, the shape and
the physiology of the cells. Differentiated
cells are capable of carrying out specific
functions.

Importance of growth and development
in living organisms

In multicellular organisms, the newly
formed individuals have certain structures
that are not well developed. Growth and
development enable the differentiation
of cells in an organism, resulting 1n
the specialisation of cells for different
functions. The specialisation of cells
during growth enables an organism to
adapt to its environment. An example of
specialised cells 1s guard cell in the plant
leaves which control the opening and
closing of stomata and blood cells used
to transport different materials in various
parts of the animal body.

Factors affecting growth and development
in organisms

The growth and development of an
organism are affected by various factors.
These factors are categorised as external
and 1nternal factors. External factors are
environmental factors whereas internal
factors are factors within an organism'’s
body.

External factors affecting growth and
development in plants

Growth of plant and their spatial distribution
are influenced by the environment. Any
environmental factor that i1s not favourable
to a plant becomes a limiting factor to
plant growth. Limiting factors are also

responsible for the geographical distribution
of plants. For example, only plants adapted
to limited amounts of water can survive
in deserts. Therefore, it 1s important to
understand the environmental factors that
affect plant growth and distribution. These
factors include light, temperature, water,
nutrients, and gases such as carbon dioxide
and oxygen as summarised in Figure 1.1.

Sunlight

Carbon dioxide Oxygen

Figure 1.1: Factors affecting plant growth

Light: Plants need light to perform several
functions including photosynthesis. The
more sunlight a plant receives, the higher
capacity i1t has to produce food through
photosynthesis. As the intensity of sunlight
decreases, the rate of the photosynthesis
also decreases. This 1s because light

Student’s Book - Form Four

1

Bin!agy for Secondary Schools

BIOLOGY FORM 4.indd 2

09/03/2022 19:02



supplies energy which plants use to
synthesise food. When there i1s limited
sunlight, stems of the plant become
“leggy”’, meaning that they become long
and thin as they try to reach the source
of light. The absence of light also makes
plants undergo chlorosis. Chlorosis 1s
characterised by the yellowing of leaf

tissue due to lack of chlorophyll. &

@ Activity 1.1: | |

Investigating the effect of light on the
rate of growth in plants

Materials: Six similar bean seedlings
planted in 3 pots with soil
rich in organic matter, a
note book and a pen

Procedure
1. Mark the pots as A, B and C.

2. Place pot A 1n a place receiving direct
sunlight, pot B in a place without
direct sunlight, and pot C 1n a dark
place. Continue watering the seedling
in each pot every morning for seven
(7) days.

3. Record what has happened to the
bean seedlings in pots A, B and C
after seven days.

Questions
(a) Why did the seedlings in pot A, B
and C differ in their growth rate?

(b) What 1s the role of light in plants
growth?

BIOLOGY FORM 4.indd 3

Temperature: Environmental temperature
influences most plant processes including
photosynthesis, transpiration, reproduction,
respiration, germination and flowering. The
effect of temperature on plant growth and
productivity is dependent on plant variety.
This 1s whether a plant 1s a warm-season or
a cold season crop. The rate of all biological
processes 1n plants are accelerated as the
temperature rises to a plant optimum level
and decelerates as the temperature deviates
from the optimum level. Enzymes are
responsible for metabolic activities that lead
to growth. Enzymes work best at optimum
temperature. At lower temperatures
enzymes are inactive whereas at higher
temperature enzymes are denatured. For
example, 1f the environmental temperature
1s high for a long time, cool-season crops
such as spinach will wilt. Similarly, high
temperature for warm-season crops such
as tomatoes can cause pollen to become
unviable. Temperature also affects the
flowering and pollination of flowers.
Adverse temperature can also lead to
stunted growth and poor-quality crops.

Nutrients: Plants need nutrients for
growth and development. Normally,
nutrients required by plants are found in
the soil. Such nutrients include Nitrogen,
Phosphorus, Potassium, Manganese,
Magnesium, Calcium, and Sulphur. Other
nutrients such as Carbon, Hydrogen,
and Oxygen are obtained from the
atmosphere and water. Nutrients required
by plants in small amounts are known as
micronutrients or trace elements. Examples
of micronutrients include Zinc, Manganese
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and Iron. Nutrients required by plants in
large amounts are known as macronutrients.
Examples of macronutrients include
Nitrogen, Phosphorus, and Potassium.
Most of the nutrients that a plant needs

are dissolved in water in the soil and then

absorbed by its roots. Inadequate amount
of nutrients affects the rate of growth and
survival of plants.

Water: About 90% of the weight of a
~ which is crucial for the plant to grow and

plant is made up of water. Water is one
of the essential factors required for plant
growth. It provides plants with nourishment

and hydration. It plays a vital role in
take oxygen gas at night through the
- stomata of the leaves. Plants use oxygen
and other nutrients. Water 1s a medium

plant processes such as photosynthesis,
respiration and transportation of minerals

through which biochemical reactions in

a living organism take place. Water 1s

also important in maintaining the turgor
pressure of plant cells which maintains cell
shape and ensures firmness of the plant.
Through turgor pressure and other changes
in the cell, water regulates the opening and
closing of stomata. Stomata opening and
closing allow transpiration and exchange

of gases like carbon dioxide and oxygen.
~ Internal factors affecting the growth

Evaporation of water from leaves during
transpiration helps to cool the plant. The

gradual evaporation of water from the

leat’s surface through the stomata helps
plant to stabilise plants temperature. Water

plant absorbs water through their roots,

water vapour in the air also influences

transpiration and pollination.

- Amount of carbon dioxide and oxygen

gases: Both carbon dioxide and oxygen

~are required for plants growth. Carbon

dioxide 18 one of the raw material 1n

- the manufacturing of sugar through the

process of photosynthesis. The produced
sugar 1s the source of energy to the plant

- for various physiological activities. Such
- physiological activities result in growth

and development in plant structures and
increase of leaf area and size of the roots,

survive. Carbon dioxide and oxygen gas

- which are dissolved in water are taken

by the plants through roots. Plants also

for aerobic respiration that releases the
energy required for growth.

At low carbon dioxide gas concentrations in

- the environment, the rate of photosynthesis
- 1s lowered, hence decreasing the rate of
~plant growth. As the carbon dioxide
- gas concentration increases the rate of
 photosynthesis also increases and plant

growth become rapid.

and development of plants
Internal factors that affect the growth

- and development of plants include plant

- growth hormones and genetic factors.
also dissolves minerals 1n the soil. When

- Plant growth hormones: These are
minerals are also picked up and transported

along with the xylem tissue. Humidity or

chemical substances that regulate plant
growth and development. Hormones help

- plants to respond to the stimuli such as
plant growth by affecting photosynthesis,

sunlight, water and nutrients from the

- environment. Plant hormones include
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auxins, gibberellins, cytokinins, ethylene

and abscisic acid.

growing parts of the plant such as at the tips

plants. This hormone 1s also transported

downward from the top to the bottom of the
plant where it causes several responses in

plants such as phototropism and geotropism.

Auxins promote apical dominance, a
process that prevents too many lateral buds

and branches from growing on the side of
the stem.

are present in young shoots, root and

stem between the nodes. When the level

of gibberellins increase, the internodes

elongate and the stem length increases.

resulting in dwarfism in plants. Gibberellins

initiate seed germination by breaking seed

dormancy and speeding up the germination.

Hence, they contribute to plant growth and
- Other changes occurring during growth

development.

Cytokinins: These hormones stimulate cell

division and are often included in the sterile
media used for growing plants from tissue

culture. Cytokinins are produced in the root  which is found in the nucleus of the cell.

- The genetic factors affect plant growth
the xylem. They stimulate differentiation

and transported upward to the stem through

and growth of axillary buds and inhibit
lateral root formation. Cytokinins also delay
leaf ageing and death.

BIOLOGY FORM 4.indd 5

Ethylene: This hormone exists in gaseous

- form. It regulates the growth by inducing
- ripening of fruits and senescence of plants.
Auxins: Auxins are highly concentrated in

It also causes plant leaves to drop. Often,

plants increase ethylene production in
of the shoots and roots. Auxins hormone
stimulates the growth and development of

response to stress. A high concentration
of ethylene 1s often found within cells
at the end of plant’s life. An increase in
ethylene in leaf tissue in the autumn 1s
part of the reason why trees fall off their
leaves during this period. Ethylene 1s also
used to ripen fruits such as green bananas.

Abscisic acid: This hormone 1s important

~1in seed development and maturation. It

- induces seed dormancy by preventing seed
Gibberellins: These hormones cause

similar effects as auxins in plants. They

germination. It causes the abscission of
leaves, fruits and flowers and induces the

: Sy - closing of stomata. A high concentration of
seeds. They stimulate cell division and

elongation and promote elongation of the  of drought plays a role in the closure of

abscisic acid 1n a plant cell during periods

stomata. Closing of stomata reduces water
loss, hence ensuring the survival of the

Similarly, deficiency of gibberellin reduces = Plant.

the length of the stem between internodes o _
- Genetic factor: This 1s another internal

factor to plant growth since their basis of
expression 18 within the cells. Plant growth
involves changing seeds into seedlings.

include an increase in height, width,
development of branching pattern, flowers,

- fruits and seeds. All of these changes are

coded 1n the genetic material of the plant

differently depending on whether the plants

~ belong to the same species or different
- species. For example, a mango and baobab
~ tree have different genetic materials hence

09/03/2022 19:02
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their growth rates are different. Genetic
factors also cause some crop varieties of
the same species mature differently. For
example, Pemba Red Dwarf coconuts
(Kitamli), matured much earlier (at 4-5
years) compared to Local East African
Tall coconuts (at 6-8 years). The genetic
factors determine the characters of a plant.
However, environmental factors influence
the extent to which such characters are
expressed.

External factors affecting growth and
development in animals

Like in plant, growth and development

in animals are also affected by external
factors. These factors include temperature,
nutrition, availability of oxygen gas,

mutagens and risk behaviour.

Temperature: Changes in environmental
temperature affect the growth and

development of animals. For example,

eggs of organisms such as grasshoppers,
snakes, lizards and turtles will not hatch

if the temperature 1s not optimum. Some

animals such as toads depend on a specific
range of temperature to breed. This implies

that low temperature limits the breeding

of such animals. Sometimes the breeding
season 1s delayed until the temperature is

optimal. Similarly, the optimum temperature

1s required to activate many enzymatic
reactions within the animal body.

Nutrition: The growth and development
of animals also depends on the availability

of sufficient food. Some food substances ;
~ consumption can lower the rate of growth

~ 1n both adolescent boys and girls.

are the raw materials for growth and
others are the source of energy necessary

BIOLOGY FORM 4.indd 6

- for growth. For example, the development

of a tadpole into a frog or toad depends on
the availability of food and other nutrients.
Humans also grow normally when they get
sufficient food. Therefore, the availability

- of quality and adequate food has a direct

effect on growth. For instance, protein 1s

- very important 1n the growth of young
- mammals. Its insufficiency in the diet will
lead to stunted growth.

- Oxygen gas: During respiration, oxygen

gas 1s needed to release energy from

- the food. The energy released is used 1n

different physiological processes which in
turn bring about growth and development

~1n an organism. Therefore, an inadequate

supply of oxygen gas causes low metabolic
rate which slows down the rate of growth.
For example, the high nutrient load leads
to depletion of oxygen gas levels in the

- aquatic ecosystems. This is because the

decomposition of 1t uses oxygen gas. This
in turn affects the growth and development

- of a living organisms in that habitat.

Mutagens and risk behaviours: Mutagens

- are agents of mutation that alters the genetic

materials of organisms resulting in altered
gene expression or protein function. For

- example, mutations in genes can promote

or inhibit growth and cellular replication.
Examples of mutagens include harmful
radiations such as X-rays, gamma rays,
and ultraviolet radiations. Some of the risk
behaviours such as alcoholism, smoking
marijuana and cigarettes also affect the
growth of human being. Excessive alcohol

Student’s Book - Form Four
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Internal factors affecting growth and
development in animals

The growth and development in animals

are also affected by internal factors such

as growth hormones, genetic factors, and
enzymes.

Growth hormones:

by the growth hormone from the pituitary

gland. This hormone promotes the growth
of bones and cartilages and stimulates some

metabolic activities necessary for animal

growth. For example the gonads, ovaries
and testes also produce oestrogen and

testosterone hormones which accelerate
the development of secondary sexual
characteristics during puberty.

Genetic factors: Animal growth and
development are also influenced by genetic

factors. This 1s more noticeable in livestock,

where some animal breeds grow faster
- For an organism to grow, the number of cells

and become heavier or taller than others.
Genetic factors greatly influence the growth

rate of animals. For example, human babies |

born on the same day can vary in some
features such as their height and weight

due to variations in their genetic make-up.

Enzymes: These are the chemical substances
that catalyse the rate of chemical reactions
in the body of a living organism but at the
end of the reactions remain unchanged. For

example, human digestive enzymes catalyse

the breakdown of food substances into
simpler forms that can be absorbed by the

body. This in turn facilitates the growth and

BIOLOGY FORM 4.indd 7

Growth and
development in animals are affected by
hormones. In humans, growth 1s regulated

- development of organisms. When there 1s

under-secretion, over-secretion or absence
of enzymes, growth is affected because the
process of metabolism will also be affected.

| gg - Exercise 1.1 .

" rp——

1. Distinguish between “growth” and
“development”.

2. Give reason why a pruned single
stemed plant develops many lateral
buds and branches.

3. Explain three (3) external factors
affecting the rate of growth in plants.

4. Describe how temperature affects
the rate of growth and development
in animals.

5. Explain the role of hormones in the
growth and development of plants.

Mitosis and growth

must increase. An increase in the number
of cells of an organism 1s brought about by

~ a process known as mitosis. Mitosis 1s the

process of cell division whereby the cell

- nucleus and cytoplasm divide to produce
- two 1dentical daughter cells each with

similar sets of chromosomes as the parental

- cell. Mitosis involves the division of body

cells called somatic cells. The somatic cells
are diploid, meaning that they have two
sets of chromosomes (2n). Chromosomes
consist of two parallel strands called

- chromatids joined at a centromere as

shown 1n Figure 1.2. Centromere 1s a region

09/03/2022 19:02
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where two sister chromatids are held
together after the replication of a
chromosome. During cell division,
microtubule-like structures known

as spindle fibres are formed from the

centrioles. The fibres are attached

to a point known as kinetochore.

Mitosis facilitates the growth and

replacement of damaged cells.

Chromatids

Figure 1.2: Structure of a chromosome

Stages of mitosis

Mitotic cell division involves a series
of consecutive events that occur
between one cell division and the
next. This sequence of events makes
up the cell cycle. The cell cycle 1s

divided into three major phases:

interphase (preparatory phase),
mitotic phase (dividing phase), and

cytokinesis as shown in Figure 1.3.

Interphase involves the process of
cell growth and DNA replication
whereas the mitotic phase involves

mitosis. Conversely cytokinesis phace involves
the division of the cytoplasm to give two daughter
cells. Mitosis 1s a continuous process involving
four stages which are prophase, metaphase,
anaphase, and telophase. The interphase stages
precede these stages.

Figure 1.3: Cell cycle

Interphase

This 1s a non-dividing stage or phase that
preparescells fordivision. During the interphase
stage, a cell 1s engaged in metabolic activities
that prepare 1t for the mitotic division phase.
In this phase, there 1s an intensive synthesis
of cell organelles and the growth of the cell.
Chloroplasts and mitochondria, if present,
also replicate in this stage. It also involves the
process of DNA replication to create two copies
of DNA strands. At this stage, chromosomes
are not clearly seen in the nucleus as seen in
Figure 1.4. Each chromosome exists as a pair
of chromatids held together by a centromere as
shown in Figure 1.5.
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| Chromatin thread ¢Nucleus

| —— Centrioles

Cell surface
membrane

Cytoplasm

Figure 1.4: Interphase

Prophase

Prophase 1s the longest stage of mitotic cell
division occurring after the interphase stage.
At this stage, the chromatids tend to shorten,
thicken and become visible. Centrioles move to
the opposite poles of the cell as shown 1n Figure
1.5. Microtubules called spindle fibres develop
from the centrioles. At the end of the prophase
stage, nucleolus and nuclear membrane
disintegrate and release chromosomes nto the
cell. The spindle fibres extend across the cell
from one pole to another and are attached to the
chromosomes. The role of the spindle fibres 1s
to organise the chromosomes and move them

during mitosis.
Spindle fibres

Nucleolus

Pair of chromatids
~ (chromosome)

Centromere

Nuclear membrane

Figure 1.5: Prophase

BIOLOGY FORM 4.indd 9

Metaphase

During metaphase the chromosomes
line up at the equator of the spindle
fibre. Each chromosome consists of
two chromatids. The chromosomes
are attached to spindle fibres by their
centromere. Nucleus and nuclear
membrane disappear completely.
The formation of spindle fibres 1s
completed as seen in Figure 1.6.

Centrioles

Centromere

Figure 1.6: Metaphase

Anaphase

During anaphase, the centromere
sphit and the spindle fibres
contract, pulling the chromatids
to the opposite pole of the cell.
Spindle fibres lengthen and push
the centrioles further apart. The
cell elongates in preparation for
division. See Figure 1.7.
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Centriole

Chromatids
pulled apart
with

centromere

Figure 1.7: Anaphase

Telophase

During telophase, chromatids reach the
opposite poles of the cell. On the poles,
chromatids uncoil, lengthen, and are
not clearly seen as seen mm Figure 1.8.
The spindle fibres disintegrate, and the
centrioles replicate. Nuclear membrane
re-forms around each set of chromosomes
and nucleoli reappear.

~ Pair of centrioles

Nuclear membrane
Nucleolus
Chromatin thread
Cytoplasm

Beginning cytokiness
(cell division)

Figure 1.8: Telophase

BIOLOGY FORM 4.indd 10
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- Cytokinesis

After the telophase stage, the cytokinesis
process occurs. Cytokinesis is the division
of the cytoplasm to form two new cells.
Cytokinesis in animal cell differs from that
of plant cells due to the presence of the
cell wall in plants cells. In animal cells,
cytokinesis starts by constriction of the
cell surface membrane from the outside
inwards. Two cleavage furrows develop
as the cells constrict inwards as seen 1n
Figure 1.9. As constriction continues, the
membrane pinches off and separates the
two daughter cells each with one nucleus.
In plant cells, nstead of forming a cleavage
furrow, a dividing structure known as cell
plate forms between the two daughter
cells. It divides the cell into two i1dentical
daughter cells.

Cleavage furrow

(a)
Cell plate

~ Cell
wall
(b)
Figure 1.9: Cytokinesis in (a) animal cell
(b) plant cell
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Investigating changes in a plant cell
nucleus undergoing mitosis
Materials: Prepared slide of a
longitudinal section
(LS) through the root
tip of an onion or model
showing stages of mitosis,
microscope, notebook and
a pen

Procedure

1. Use a low power objective lens
to examine a prepared slide of a
longitudinal section through a root
tip showing cells at different stages
of mitosis.

2. Move to a high-power objective lens
to observe the chromosomes in cells
at different stages of mitosis.

3. Identify different stages of mitosis
on the slide or model by observing:

(a) Cell morphology.
(b) Nucleus morphology.
(c) Theappearance of chromosomes.

4. Draw and label diagrams of your
observation in 3 above.

Significance of mitosis

Mitosis is important to all groups of

organisms. The significance of mitosis to an

aspects.

BIOLOGY FORM 4.indd 11

- Growth

@ Activity 1.2:  |um

The growth in a multicellular organism
refers to the increase in the body size

- of an organism due to the increase In
- the number of cells within an organism
- through mitotic cell division. The cell
- division, therefore, is the basis for growth
~ in multicellular organisms.

Cell replacement and regeneration

~ Mitosis helps in the healing and repairing
~of cells and tissues. Damaged cells are

usually replaced with new cells. This 1s

- possible because mitosis produces new
- cells that are exact copies of the cells being

replaced. For example, cells of the upper

- layer of the skin (epidermis), and cells on

the lining of the gut and blood cells, need to
be constantly replaced. Mitotic cell division

- enables the constant replacement of cells in

these tissues. Some animals can regenerate

~ lost parts of their bodies through mitosis.
~ Examples of such animals include lizards
and some crustaceans.

- Retaining of chromosomes number

after division

- Mitosis results in the production of
- two diploid daughter cells with similar
- genetic properties as their parent cell.
~ This supports the genetic stability since
 daughter cells are identical to parent cells.

- Means of reproduction

The process of mitosis 1s used as a means of

- reproduction by unicellular organisms such

as protozoans. These organisms reproduce
asexually. Some plants also exhibit

~ vegetative propagation through maitosis,
organism can be explained in the following

producing offspring that are genetically

- 1dentical to themselves.
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Similarities and differences between
mitosis and meiosis

(d) Both involve four stages of cell
division. These stages are prophase

The similarities between mitosis and | metaphase, anaphase, and telophase.

me10sis are as follows:  (e) In both mitosis and meiosis, the
|

(a) Both take place in the cell nuclei. synthesis of DNA occurs.

(b) Both involve the division of the

nucleus and cytoplasm. i Although mitosis and meiosis processes

~are similar in some aspects, they have

(c) Both occur 1n the mitotic phase of ; S _
- several differences as indicated in the

the cell cycle.

Table 1.1.

Table 1.1: Differences between mitosis and meiosis

Factor

Mitosis

Meiosis

Organisms involved

Occurs in all organisms
except viruses

[t occurs only 1n plants, animals,
fungi and protoctists

Types of cells that are
involved

Occurs 1n somatic or body
cells such as skin cells and
nerve cells

Occurs in reproductive/ sex cells

Number of daughter
cells produced

Produce two 1dentical
daughter cells which are
genetically similar to the
parent cell

Produce four daughter cells that
are genetically different from
the parent cell

Division cycle

Involves only one cell
division, thus, 1t 1s a single
step cell division

Involves two successive cell
divisions, thus it 1s a two-step
cell division. The steps are
Meiosis I and Meiosis 11

Stages of division

Involve four (4) stages of
cell division

Involve eight (8) stages of cell
division since it has two rounds

Chromosomes of the
daughter cells

Resultant daughter cells
are diploid (2n) with two
sets of chromosomes,
similar to the parent cell

Resultant daughter cells are
haploid (n) with one set of
chromosomes. Daughter cells
are called gametes

Chiasmata formation
(crossing over)

Prophase 1s shorter and
crossing over do not occurs

Prophase is longer and there is
Crossing over

Function

Enables body growth,
repair, and cell reproduction

Enables genetic diversity
through sexual reproduction

BIOLOGY FORM 4.indd 12
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Occurrence of Occurs in telophase Occurs 1n telophase I and in
cytokinesis telophase II

Mode of reproduction | It may lead to asexual | It leads to sexual reproduction
reproduction In some | In organisms

organisms

l' @ ' Exercise 1.2

e

1. What are the major differences between cytokinesis in animal and plant cells?
2. Describe the changes that take place in the nucleus of a cell during mitosis.

=

Mitosis results in the formation of two daughter cells. Describe the genetic make-
up of the daughter cells compared to that of the mother cell.

Explain the significance of mitosis.
Explain why interphase is called a preparatory phase.
Describe four similarities and differences between mitosis and meiosis.

e = o

Study the following diagram and then answer the questions that follow.

(a) Name the structure labeled A.
(b) What mitotic stage of the cell is shown in the diagram?

Growth and developmental stages in human

Human beings have diffused growth. Diffused growth 1s the one in which growth
occurs 1n all parts of the body. Growth in humans involves a gradual increase in size
until adulthood. However, the body does not grow at a constant rate. Different parts of
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the body grow at different rates and at different times. This type of growth is known as

allometric growth. See Figure 1.10.

2 months 4 months New born 2 years 12 years 25 years
Foetus » Birth — Child » Adult
200 > & \
s/
- % \
- &/
g 200 ﬁs' \
2 / \
%ﬂ 100 _Fiilal_SiZ;_IOf:EI‘gElS_/ _____ e —
= rain P o
C 4
P 4 '
50 / r'
o P s
/_ .-==""  Reproductive organs
| 1 |
0 S5 10 15 >
Time from birth (years)

Figure 1.10: Growth rates of different parts of the human body

In humans, the processes of growth begin
with the fertilisation and development i
follows an orderly sequence of events.
Zygotes contain all the information
necessary for the growth, development
and reproduction. The zygote, which is a
fertilised ovum consisting of one cell, begins

to divide rapidly by mitosis. This division
leads to the development of embryo as

- shown in Figure 1.11. Fertilisation and the

initial stage of mitotic cell division occur
in the oviduct. The early embryo migrates
down the fallopian tube and completes most
of its development in the wall of the uterus.
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Sperm

Qﬁx

A

Fertilisation

0*‘—»o+0+8+0»

.4

Ovum

Cell divismn and growth

Embryo

Figure 1.11: Fertilisation and development

During the development of an embryo,

food and oxygen diffuse from the mother

through the placenta to the foetus,

cord 1s a foetal structure containing blood

directions.

Foetal development
This 1s a highly regulated process involving
a series of embryonic development until

a fully developed baby 1s formed. After
- after a person attains 65 years. Depending
referred to as a foetus. Body features

such as the nervous system, sense organs,  puman beings can be either slow or rapid.

three months, the fertilised embryo is

bones, muscles, excretory, circulatory

and reproductive systems are formed.

o ——— h as the | e -
Other witeinal bigans suchasihs lvsrand | is obtained. The resulting S-shaped curve

respiratory systems also become developed. is also known as the Sigmoid curve. This

Development of organs and other body
~1n human beings 1s rapid during infancy

pancreas, and systems such as digestive and

features become completed by the end of

six months of pregnancy. During the last
three months, organs and other features
growth during the childhood from 2 to 11

such as eyes and lungs continue to develop.

BIOLOGY FORM 4.indd 15

Stages of human postnatal growth and
development

- There are five significant stages in human
conversely the waste from the foetus

diffuses out to the mother. The umbilical stage 1s called infancy. It 1s the period from

: .. birth up to th f2 .Th d
vessels that allow materials to be carried v Rleape U1 yeala, LICSteol

between the foetus and placenta in both

postnatal growth and development. The first

stage 1s known as childhood which runs
from 2 tol1 years. Adolescence or teenage

- 18 the third stage in human development
~ which starts from around 11 to 18 years.

Adulthood 1s the fourth stage just after

- adolescence from the age of 18 to 65 years

old. The last stage 1s old age, which begins
on various factors, the growth rate of
However, by plotting the graph of growth
rate against time, a typical S-shaped curve
growth curve indicates that the growth rate

(0-2 years) and adolescence stage (11-18
years). However, there is a slow rate of

09/03/2022 19:02



0

years old. There 1s also a minimal growth rate during
adulthood (18-65 years old). The growth rate becomes
negative 1n the last stage when a person attains 65
years old as seen 1n Figure 1.12.

Weight (kg)
A Adolescence Adulthood Old age
Childhood E Mlmm-al growth Negative
--------- ! Very rapid growth growth
Slow growth
r | T | i >
0 2 12 18 65 Age(years)

Figure 1.12: Human growth pattern

Infancy

Thisperiodranges frombirthtotheage oftwo (2) years.
It covers the period when every touch, movement
and emotion in the young child’ life translates into
explosion of electrical and chemical activities in their
brain. This i1s because billions of cells are organised
into network requiring trillions of nerve impulses. As
children grow into early childhood, they continue to
change physically, psychologically and behaviorally.
Physically, children become increasingly able to
hold heads up, roll, sit, crawl and walk two to three
steps without help. At age of two (2) years, the infant
begins to run and climb up and down from furniture
without support.

Psychological changes in children mvolve mental
development which 1s characterised by the
appearance of a set of new abilities at regular stages.
These include increased memory towards the end of
the first month, speech sounds by the first birthday,
and connected speech by the second birthday.

Noticeable psychological
changes during infancy include
anger, happiness, sadness and
fear. These changes are caused
by an attachment of the infant

to their parents and other
close caregivers. Through this
interaction, the infants learn
to love and trust other people.
Behavioural changes during
infancy include improvement
in recognition ability. Infants
can recognise people who are
always around and taking care
of them. They usually develop
fears of strange faces when
separated from their parents or
care takers. There are various
needs and services that an
infant need. The following are
some of them.

(a) Close attention from the
parents and caregivers to
avoid injury.

(b) Adequate nutritional foods,
preferably breastfeeding.
The milk produced by
the mother 1n the first
few days after birth is
known as colostrum. It
1s very important for the
immunity of the newly-
born baby because it
contains antibodies from
the mother which protect
the baby from infections.

(c) Warm clothing.
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(d) Post-natal care services to check for

normal growth and development.

Childhood
This period ranges from the age of 2 to
11 years. At this stage, there are various

physiological changes. For instance a child

gains height at the average rate of about 3

increases to about 35 kg. The potential

of a person should be nurtured during

this period. Body proportions change
human beings starting from puberty to

of milk teeth, especially during early adulthood approximately between 11-18

markedly. There 1s also the development

childhood. There after the baby teeth
begin to be replaced by permanent
teeth. The child acquires various motor
skills like catching, throwing, running,
jumping, climbing, riding a bicycle, self-

feeding, dressing, balancing, colouring,

and drawing. Children also become more
responsible for their physical care. They

like to dress, eat, and bath on their own.

During this period children also learn
their social roles.

The development of more complex
levels of intelligence at this stage 1s due

to increased brain maturity and learning

Howeves, if appropriate age of 10 and 16 years. The physical

experiences.
kinds of stimulation are not available,
this maturation may be more difficult
to occur or may even fail to occur. This
period provides children with time and

opportunities for the brain to develop

properly. These opportunities includes

BIOLOGY FORM 4.indd 17

and adults. Cognitive maturity occurs also
through reading and learning. There are
various needs and services needed during
childhood. Some of these needs and
services include:

- (a) Good shelter and clothing.

Nutritional diet.

(b)

(¢) Conducive environment for playing.
inches per year. Children at the end of this

stage generally have an average height of |
about 106 cm. The weight of the child also

(d)

(e) Regular cleanliness.

Proper health services.

Adolescence
Adolescence 1s a developmental stage in

years of age. Puberty 1s the time 1n life
when a boy or a girl becomes sexually
mature and capable of reproducing. Puberty
marks the beginning of adolescence. At
puberty, a girl’s ovaries and a boy’s testes
begin to function. Puberty is triggered
when the hypothalamus begins to produce

~a hormone called a gonadotropin. This

hormone increases the production of
sex hormones; oestrogen in girls and

- testosterone 1n boys. Increased level of
- estrotegen and progesterone initiates

secondary sexual characteristics in girls

~and boys respectively.

In boys, puberty may begin between the

changes at puberty in boys usually start
with enlargement of the testicles and growth
of pubic hairs. The boy’s arms, legs, hands
and feet grow faster than the rest of his
body parts. His shoulders broaden, and he

playing and interacting with older children = gains much weight. Lastly, the boy become
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muscular and develop deep voice. Puberty
may start earlier for girls between the ages
of 8 and 13 years. For most girls, the first
evidence of puberty 1s breast development
and the growth of pubic hairs. The breast

tissues become large, hair appear on the

labia, and later similar hairs begin to grow
increases the chances of getting unplanned

 pregnancy, HIV/AIDS and other sexually

under the arm pits. The hips and thighs
also enlarge while arms, legs and hands

grow bigger. Girls experience the first

menstruation, which is one of the major
signs of maturity.

Psychological and social changes during
adolescence include an increase in the

ability to think or increased cognitive and

intellectual capability. Adolescents also
develop reasoning skills, logical thinking
and rational judgement. At this stage, an
adolescent can also try to do something 1f
there are any emerging social issues they
come across. Adolescents also develop

a sense of self-identity such as sexual

identity. They also want to make decisions
on different issues in their lives rather
than being controlled by their parents.

However, adolescents are not yet fully

developed to make informed decisions.

This means that disengaging them

from parents can make them vulnerable
depending on the people they interact

with. Social values and norms greatly

affect psychological and social changes in

adolescents.

Behavioural changes 1n adolescents
include being moody. Adolescents can

- want

(b)

~(c) Physical exercises.

(d)

- be happy for some time and suddenly

become sad for no good reason. They
to explore and try different

experiences. Such a situation can make

~ them prone to risky behaviours, such as

drug abuse, alcoholism and involvement
in unprotected sex. These rsik behaviours

transmitted 1infections (STIs). Various
needs and services required by adolescents

- include:
~(a) Balanced diet.

(b)

Good shelter and clothing.

(¢) Educationon health and reproductive
health.

Physical exercises.

(d)

Adulthood

- This 1s a period during which the rate of
- growth 1s minimal. This period ranges

from the age of 18-65 years. During late
adulthood, the rate of formation of new cells

 becomes low compared to the rate at which
- old cells are destroyed. This 1s the time

when a human being attains full physical
and intellectual maturity. An adult person

- 18 characterised by maturity, being practical

and result-oriented, self-confidence, having
sound decisions, and taking responsibility.
The following are needs and services
required during adulthood:

(a) Balanced diet.

Proper lifestyle.

Good shelter and clothing.
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Old age
This stage begins at the age of 65 yearsand
above, and is characterised by negative
growth. At this stage physical body

; _ - and tissues thereby decreasing human
strength decreases, hair becomes thin and y 5

turns grey, and skin develops wrinkles

and foldings. There 1s also a decrease in

vision and hearing ability. Sensitivity to
prone to diseases and infections.

smell and taste decreases, and skin loses

elasticity. Psychological changes include |
loss of memory. The following needs and

services enable elderly people to cope
with the challenges of ageing.
(a) Sociocultural training.

(b) Maintaining personal hygiene.
(c) Balanced diet.
(d) Light physical exercises.

(e) Health services.

Factors leading to physical
deterioration of the human body

Physical deterioration of the human body
occurs as a person gets old. This 1s due
to a decrease in the production of growth
hormones. The rate of human growth 1s
atfected by various factors. These factors
can be categorised as environmental and

genetic factors.

Environmental factors

Various environmental factors can affect
the rate of physical deterioration of the
- Growth in flowering plants

body. Such factors include:

Quality and quantity of food: nutritious
food improves growth and development
in human.

BIOLOGY FORM 4.indd 19

Inadequate food causes . s & s
- nto a seedling 1s known as germination.

- malnutrition, hence decreasing the growth

rate in human beings.

Diseases: diseases weaken the body cells

- growth rate.

Stress: emotional disturbances weaken
the body immunity. The body becomes

Genetic factors
Some genetic disorders such as Werner

~ syndrome cause rapid premature ageing.
- This disorder appears typically to
- individuals after puberty.

l Eiig - Exercise 1.3 -

. With the aid of a well labelled
diagram, describe the pattern of

growth in human.

2. Describe the main differences in
human postnatal development
between male and females.

3. What are the changes that occur in
girls during puberty?
4. Describe four factors that cause

physical deterioration of the human
body.

5. What are secondary sexual
characteristics in a normal adolescent
boy?

~ Growth in a flowering plant starts from a
- seed to a seedling that grows to a mature

plant. The process by which a seed develops
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The seed consists of the following parts:

(a)

(b)

Seed coat

An embryo: this part consists of a

radicle that develops intoarootanda

plumule which develops into a shoot
after germination.

A seed coat: this part 1s also known
as a testa. It 1s a protective layer
surrounding a seed.

Cotyledons: This part grows to
form embryonic first leaves after
germination. It also stores and
provides food for the young plants.
Young plants depend on the stored

Epicotyl

Seed coat

Micropyle

Hilum  primule

Radicle

(d)

(e)

food until they develop leaves
which enable them to carry out
photosynthesis. Seeds known as
monocots such as maize seeds have
one cotyledon. Seeds that have two
cotyledons are known as dicot seeds.
An example of a dicot seed is a bean
seed.

Micropyle: this 1s a pore through
which water enters the seed during
germination.

Hilum: This 1s a scar that shows the
seed’s point of attachment to the
ovary wall. See Figure 1.13.

Hypocotyl

Cotyledons

(a)

Epicotyl
| - Hypocotyl

Radicle

(b)

Figure 1.13: Structure of (a) dicot (b) monocot seed

Changes that occur during seed germination

During germination, physical and chemical changes occur in a seed. The physical
changes include swelling of the seed after absorption of water through the micropyle.
The water absorbed by the seed softens the seed coat and activates enzymes in the
cotyledons. This process 1s followed by the bursting of the seed coat and the emergence
of the radicle and plumule. The radicle 1s the one that forms a primary root and the
plumule gives rise to a shoot. The radicle continues to elongate and give rise to many
side roots. Chemical changes accompany the physical changes. As the seed absorbs
water, the food stored in the cotyledon or endosperm is hydrolysed into a soluble form.
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The stored food in the form of starch i1s

converted 1nto sugars by the enzyme
called diastase. Then the growing seedling

readily absorbs the dissolved stored food.

Conditions necessary for seed
germination

For a seed to germinate, 1t requires certain

conditions. These conditions include the
following:

Water

Germination occurs when a seed is supplied
with water. A seed absorbs water through
the micropyle. Water plays an important
role during seed germination. When a seed
absorbs water, the embryo cells enlarge due
to pressure. Such action leads to the rapture
of the seed coat. Water softens the seed
coat, hence increases seed permeability.
Water also activates enzymes necessary

for seed germination and growth.

@ Activity 1.3: .

Investigating whether water 1s necessary
for seed germination

Materials: Two beakers, bean seeds,
water, cotton wool, note
book and pen

Procedure:
1. Mark two beakers as A and B.

2. Place wet cotton wool in beaker A
and dry cotton wool in beaker B.

3. Place bean seeds on cotton wool 1n
each beaker as shown in Figure 1.14.

4. Keep the beakers at room temperature.

5. Observe what happened to seeds in
beakers A and B after 4 days.

D <

Beanx Y Bean _|
seed TR @Y | seed (B0 @

."1_'1|
r”' \_’__/

Wet cotton wool Dry cotton wool

Beaker A Beaker B

Figure 1.14:  Experimental set-up to
investigate the necessity of

water in seed germination

Question
(a) Explan the results in beakers A and B.

(b) What 1s the importance of water in
seed germination?

~ Oxygen gas

- Oxygen gas 1s necessary for aerobic
~respiration to generate energy that 1s
- required for the growth of the embryo of
~aseed.

@ Activity 1.4: |

Investigating whether oxygen 1s
necessary for seed germination

Materials: Two conical flasks, cork,
bean seeds, water, cotton
wool, pyrogallic acid, test
tubes tied with a string,
note book and pen
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Procedure:

1. Mark two conical flasks as A and B.

2. Place wet cotton wool in each flask
with some soaked bean seeds.

3. In conical flask A, hang a test tube
containing tap water. Use the cork
to hold the string in place so that the
test tube 1s hanging in the correct
position as shown in Figure 1.135.

4. In conical flask B, hang a test tube
containing pyrogallic acid as shown
in Figure 1.15. Pyrogallic acid 1s
used to absorb oxygen.

5. Observe what happens to seeds in
each conical flask for about 4 days.

Cork
String

i Pyrogallic
acid |

Moist seed
Cotton wool

Flask A Flask B

Figure 1.15: Experimental set-up to
investigate the necessity
of oxygen gas in seed
germination

Question

(a) In which conical flask did the seeds
germinate? Give reason for your
answer.

(b) Explain why oxygen is important for
seed germination?

Temperature
Seeds need the optimum temperature to

germinate. The seed of each plant species has

its optimum temperature for germination.

Biolngy for Secondary Schools

- Temperature 1s essential for the activation

of enzymatic reactions during respiration.
Respiration 1s important as 1t provides the

energy required for germination.

@ Activity 1.5: |

Investigating whether the suitable
temperature i1s necessary for seed
germination

Materials: Three beakers, bean seeds,
water, cotton wool, pen and
notebook

Procedure:

1. Mark three beakers as A, B and C.

2. Place bean seeds on wet cotton wool
in each beaker.

3. Keep beaker A at room temperature
and beaker B 1n a refrigerator at about
4°%C, and boil the content in beaker C
and leave 1t at room temperature.

4. Observe what happens to seeds in
beakers A, B and C for about 4 days.

Questions

(a) In which beaker did the seeds
germinate?

(b) Explain the reason for your
observation in beakers B and C.

(c) Explain why optimum temperature
1s necessary for seed germination.

Enzymes and hormones
The wiability of seeds also depends on
the presence of the relevant enzymes and

~ hormones 1n the required amounts. These
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help to break seed dormancy and catalyze

all the metabolic activities associated with
- radicle emerges from the base of the

- embryo axis and the plumule is at the
- upper end of the embryo axis above the
- cotyledon. The radicle appears first before

_ - the plumule. The part of a seedling stem
even 1n the presence of all necessary

conditions for germination. This condition

the process of germination.
Seed dormancy

Some viable seeds may fail to germinate

is known as seed dormancy. Seed dormancy
can be caused by internal factors, such as

immature embryo, hardness of seed coat

and presence of inhibitors. Hard seed
~are above

coat restricts water uptake and gaseous

water, air, optimum temperature, PH, and

for certain period of time also helps to

overcome seed dormancy. Some seeds
break seed dormancy after passing through

the gut of specific animal species in which

the hard coat is softened and germination

inhibitors are removed.

Types of seed germination

There are two types of seed germination,

namely epigeal and hypogeal germination.
- Thisis a type of seed germination in which

- cotyledons remain below the soil surface.

Epigeal germination

This 1s the type of germination in which _
~ the epicotyl causes the shoot to grow

the cotyledons of the seed are pushed

above the ground. Usually, the radicle 1s

BIOLOGY FORM 4.indd 23

the embryonic root whereas the plumule
1s the embryonic shoot of the plant. The

above the cotyledons is called epicotyl.
The part below the cotyledons 1s called the

~ hypocotyl. The stem of the plant known

as the hypocotyl, elongates and arches
upward through the ground pulling the
cotyledons with 1t. Once the cotyledons
the soil, the hypocotyl

- straight he 1 f the plumul
exchange. Seed dormancy can also be o and the leaves of the plumule

caused by external factors such as lack of ' type of germination is seen in most dicot

- seeds such as beans and castor.
light. Seed dormancy can be overcome by

soaking the seed 1n water to soften the seed
coat and remove inhibitors. Mechanical |
abrasion such as scratching or burning the
seed can also weaken the testa. Soaking
seeds in alcohol or concentrated acid

open out, as shown in Figure 1.16. This

Epicotyl

Cotyledon

Figure 1.16: Epigeal germination

Hypogeal germination

In hypogeal germination, elongation of

straight up through the soil leaving the
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cotyledons in the soil as shown in Figure

above the ground, the coleoptile stops

it. This type of germination 1s seen in most
monocot seeds such as maize and rice.

Coleoptile

Cotyledon

Coleoptile

Figure 1.17: Hypogeal germination

Activity 1.6:

Observation of germination in maize
grains and bean seeds

Materials: Two pots with soil, bean
seeds, maize grains, water,
pen and notebook

Procedure:

1. Plant maize grains in pot A and bean
seeds in pot B.

2. Water both pots for at least seven
days.

3. Observe the germination in both pots
and compare them.

Question
Draw diagrams of the emerging maize
seedling and bean seedling
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- The growth process in plants
1.17. The shoot is protected by a sheath-

like structure called the coleoptile. Once plants occurs in specific regions known as

- meristems. The regions are situated at the
growing and the first leaf bursts through

Unlike growth in human, growth in flowering

tips of the shoot and roots. There are three

~ major growth zones in plants. These are the
~ meristematic, elongation, and maturation
~ zones as shown in Figure 1.18. The first
~ two zones cause an increase in the plant

size. The third one causes the formation and

" development of different plant structures
- such as root hair cells.

Root  yiscular cylinder
hair

\ ™
THHHHHH——==~ | | Maturation
HHHHH — S
Nt e Z0ne
L H ERE Ul
HHH '-“-?‘%“x

AAHHHHHH'
shalefulals <
T Elongation
" HHH =_"j1 ~ zone
.P.-.--r---|- —_-—n
ENEEE — _
gl iii Y
| Meristematic
zone
-
e 2
~ Apical meristem  Root cap

Figure 1.18: Growth zones in plants

- Meristematic zone

~ The meristematic zone is located at the
~tip of plant roots and shoots. This zone
consists of meristematic cells that are
- constantly dividing. The cells in this
- region have large nucler and are rich in
- protoplasm and their cell walls are thin to
: allow rapid mitotic cell division.
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Elongation zone

The elongation zone 1s located next to the
meristematic zone. Enlargement of cells,
increase 1n vacuole size and formation

of new cell walls take place in the

elongation zone. The newly-formed cells

increase in length thereby lengthening

the root and shoot. Elongation is the
permanent enlargement of cells prior to

differentiation.

Maturation zone

Just next to the elongation zone and away
from the shoot and root apices lies the zone

of maturation which 1s also known as the

zone of differentiation. Usually, the cells
in this area have reached therr maximum |
size with respect to their protoplasm and
cell wall thickening. The cells differentiate

into different types.

Differentiation occurs when the cells

have stopped dividing and are beginning is lower during the initial phase (lag

During cell differentiation, phase). The rate increases rapidly during

cells undergo changes in the structure of ’ - AHE 4
- down during the dimimmishing phase.

to mature and perform special or specific
functions.

protoplasms and that of cell walls. For

example, to form tracheids, the elongated

tissue that carries water in the xylem must

lose 1ts protoplasm. Cells also develop

strong, elastic cell walls to allow water
transportation across long distances.

Plant growth curve

The rate of growth of a plant or even

parts of the plant 1s not always the same
throughout 1ts life span. Despite many

factors affecting plant growth, the pattern ; _
- efficient shoot system for photosynthesis.

of growth remains relatively the same.

When the plant growth rate i1s plotted

against time, a typical S-shaped curve

(Sigmoid curve) 1s obtained as seen in

Figure 1.19. In a normal plant growth

curve, five major phases can be observed.
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~ The first phase 1s called the lag phase, the
second phase is called the exponential or
log phase, and the third phase 1s known
as diminishing phase. The fourth phase 1s
- the stationary phase also known as steady
phase. The last phase 1s senescence which
1s characterised by negative growth.

Diminishing phase
Stationary phase

2

Senescence phase

Growth rate (kg)

Lag phase

Time (years)

Figure 1.19: Growth curve of annual plants

The curve shows that the growth rate

the exponential phase and again slows

The different growth phases result in °S’
shaped curve. Although, plant growth 1s
affected by several external and internal

- factors, the S-shaped curve 1s unaffected.

This growth curve suits the entire life of

~ a flowering plant when measured in terms

of dry weight against time.

~ At lag phase, the rate of growth is low

because the new plant 1s not yet developed

Growth 1s limited by the amount of food
reserve stored in the seed. When the
emerged seedlings develop an adequate root
system and enough leaf surfaces to support
photosynthesis and anabolism, the rate of
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exponential phase. However, high metabolic
rates are not maintained indefinitely. At
diminishing phase, the rate of growth will

start slowing down although the plant will
be increasing but 1s at decreasing rate.

The factors responsible for the decrease

in growth rate are competition for essential

metabolites, growth substances, water, °* _ : :
in order to germinate and begin growing

light or the accumulation of inhibitors,
toxic substances, and waste materials. At
stationary phase, the rate of anabolism 1s
the same as the rate of catabolism. Hence,

there 1s no growth at this phase. The last

phase of growth is senescence phase or

negative growth. In this phase, the rate of

catabolism 1s higher than anabolism leading
to a decreased height and size. However,
perennial wood plants show unlimited

th. Th th f such plant : :
gtow © SIOWL CUIVE O SUCH pIans - characterised by rapid growth of root and

- shoot and beginning of photosynthesis.

1s characterised by a cumulative series of
sigmoid curves as shown 1n Figure 1.20.

Growth (kg)

Time (years)

2
Figure 1.20: Growth curve of perennial plants

Stages of plant development
A typical plant goes through five stages in

its development after germination. These

stages are sprouting, seedling, vegetative
budding, flowering, and adult plant, as
shown in Figure 1.21.

Sprouting

This 1s the first stage in the development
of a flowering plant after germination.
Sprouting s the stage when the germinated
shoot reaches the surface. Roots of
sprouts absorbs water and nutrients from
the soil and use sunlight energy and
oxygen for growth. Each seed contains a
small amount of nutrients that they need

their first pair of leaves.

~ Seedling

The seedling stage starts after the
emergence of the first root and shoot, and
lasts before the first tiller appears. As the
seedling continues to grow, two more leaves
develop. Leaves continue to be formed at
the rate of one for every 3 to 4 days in some
plant species. Hence, the seedling stage 1s

~ Vegetative stage

The vegetative phase 1s characterised by
development of tillers or shoots in some
plants. There 1s also more formation of
leaves and gradual increase in plant height.

- The number of days for the vegetative
- stage varies depending on the plant species.
Nitrogen 1s mostly required at this stage.

- Budding or reproductive phase
- This is the phase in which a plant forms

buds. Phosphorus i1s the most needed
element at this phase. Inside the bud, a tiny

~ but complete flower is formed. The sepals

protect the bud before it opens. Over time,
the bud opens and blossoms 1nto a mature
flower and the sepals appear as little green

| leaves at the base of the flower.
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growth increases rapidly. This is called
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Flowering phase

Flowering 1s a major sign of maturity
in flowering plants. The flower 1s the
reproductive structure of the plant.
Potassium plays an essential role in the

formation of starch, and in the production

and translocation of sugars.

Vegetative
Seedling

Sprouting

Budding

" Ty ' i ';“r
p____ _a-'
P jerr

3 L5
L

Adult phase

This is the last stage in plant development.
At this stage, flowers develop into fruits.
Seeds are formed inside the fruit and are
capable of developing into new plants.

Flowering Adult plant

Figure 1.21: Plant developmental stages

Table 1.2: Differences between growth in plants and animals

SN. | Plant growth

Animal growth

1. | Plants possess well defined growing
points or meristematic tissue

Growing points are absent in animals,
growth occurs all over the body

2. | Growth 1s localised to certain
regions mostly at the apex of roots
and shoots

Growth 1s diffused. Diffuse growth 1s
type of growth whereby growth occurs all
over the body of the organism

3. |Often growth 1s indefinite or
unlimited. Most plants keep
growing as long as they live

Growth 1s definite or limited. The growth
of animals 1s restricted with time. Growth
stops 1n animals as soon as they mature,
long before the appearance of senescence

4. | New organs continue to be formed
throughout the life of a plant

All organs are formed at embryonic stage.
No new organs are added during growth

5. |OId organs are replaced by new
organs

There 1s no replacement of organs in
most animals

6. | Growth in plants 1s by addition of
new parts ahead or around the older

ones

Growth involve only increase in size of
organs but no new organs are added
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- Revision exercise 1 - 5. Which of the following statements 1s
' ' applicable to the process of mitosis?
Choose the most correct answer in the (a) Separation of homologous
questions 1-11. chromosomes
1. All of the following are external (b) Transverse splitting of
factors affecting plant growth, except chromosomes
(c) Clear division of the cells which
(a) hormones divide into two equal parts
(b) water (d) Production of unlike daughter
(c) nutrition nuclel
(d) temperature 6. When seed germinate their
. . weight :
2. Which of the fo]lowu}g‘refe'rs to the (a) gincreases and catbon dioxide s
process where a cell divides into two produced
identical cells? (b) falls and carbon dioxide is
(a) Cytokinesis produced
(b) Gametogenesis (c) falls and oxygen is produced
(c) Mit_USi_S (d) increases and oxygen is produced
8V oioes 7. Growth 1n plant 1s apical, this
3. The following is a set of growth- means _
regulating hormones in plants: (a) it occurs at the middle of the
(a) Auxin, cytokinin, gibberellins root
and abscisic acid (b) it occurs at the middle of the
(b) Auxin, ethylene, gibberellins stem
and ptyalin (c) it occurs at all regions
(¢) Cytokinin, ethylene, abscisic (d) 1t occurs at the tips
acid and formic acid 8. The emerging shoot as the seed start
(d) Gibberellins, auxin, cytokinin to germinate is known as
and formalin (a) cotyledon
4. The key stages of mitosis in the order (b) stem
of their occurrence are . (c) plm_:nule
(a) prophase, metaphase, anaphase, (d) radicle
and telophase 9. In hypogeal germination, the
(b) anaphase, metaphase, telophase, cotyledons

and prophase

(c) pro-metaphase, metaphase,
anaphase, and telophase

(d) prophase, metaphase, anaphase
I, and telophase

(a) appear above the soil

(b) remains in the ground

(c) are brought above the soil

(d) are slowly brought above the
ground
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10. A structure found 1n animal cells
which form spindle fibres that aids
separation of chromosomes.

(a) Centrioles
(b) Chromatins
(c) Nucleus
(d) Ribosome

11. Lag phase in terms of growth it
means :
(a) growth 1s slow
(b) growth has stopped
(c) constant growth
(d) rapid growth

12. Match the terms in column A with that of column B by writing a correct letter of
the corresponding item from column B against roman number in column A.

Column A Column B
1. A type of seed germination where by | A. Micropyle
cotyledons are pushed above the ground. B. Meiosis
ii. A pore which allows water into a seed during | C. Radical
germination. D. Viability
iii. Inability of a seed to germinate E. Epigeal germination
iv. Prevent a viable seed to germinate = Ha_trd geed e
' G. Mitosis
v. A type of cell division where by the same | Dormancy
number of chromosomes is maintained from | 1 Cotyledon
parent cell to daughter cell J. Hypogeal germination

13. Outline the changes that take place
inside a seed before it germinates.

14. What 1s the role of the centromere
during mitosis?

15. Outline the differences between
mitosis and me1osis.

16. Explain the conditions necessary for
a viable seed to germinate.

17. Describe the stages of growth of
plants after germination.

18. With examples, distinguish between
epigeal and hypogeal germination in
plants.

19. Describe the secondary sexual
characteristics that develop during
adolescence in:
(a) boys

20. Explain the

(b) girls.
importance of
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chromosome replication before cell

division.

21. Arrange the following events which
occur during mitosis i the correct
order.

(a) Attachment of double stranded
chromosomes to the spindle.

(b) Pulling of chromosomes which
are moved to opposite ends of
the cell.

(c) Disintegration of the nuclear
membrane.

(d) Nuclear membrane form around
each set of chromosomes,
forming two nuclei.

(e) Synthesis of spindle fibres.

22. Outlines the main differences between

growth 1n plants and animals.
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Chapter

Introduction

It is a common observation that siblings have certain resemblance with other family
members. They also have noticeable differences, unless they are identical twins.
The similarity and differences in appearance among siblings can be explained
through genetics. In this chapter, you will learn about the concept of genetics,
genetic material, principles of inheritance, sex determination, variation among
organisms, genetic disorders and the application of genetics. The competencies
developed will enable you to apply the knowledge on genetics in various fields such
as agriculture, sociology, medicine and biotechnology. For example, application of
genetics in agriculture includes improving crop and livestock production through
selective breeding. You will also be able to cope with genetic disorders.

Concept of genetics

Genetics 1s the branch of science that deals
with the study of heredity and variation
among organisms. It describes why some
organisms are similar or different regardless
of the same physical environment in which
they live. The passing on of features from
parents to their offspring is called heredity,
whereas genetic variation is the possession
of characters that are different from those

of parents. Genetic variation is brought
about by the change in the genotype of

an organism and not by the environment.
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For instance, maize and sorghum grown
in infertile soil will be stunted. However,
their leaves will still have parallel veins.
Likewise, if two white laboratory mice are
kept at different temperature regimes, their
genetic make-up will remain unchanged.
However, the environment in which the
organism is living can influence the physical
appearance of an organism. Nutrients,
drugs, chemicals, temperature and light
are among the environmental factors that
can mnfluence the physical appearance of

- an organism.
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Common terms used in genetics

The following are some of the common
terms used in genetics:

Genome

Genome 1s the total set of genes or genetic
information of an organism. It provides
all the information the organism requires
to function. In humans, every single cell

contains a genome of approximately 3
billion DNA base pairs.

Chromosome

Chromosomes are thread-like structures
of coiled DNA located 1n the nucleus of
the cell. Chromosomes enclose hundreds
to thousands of DNA molecules in the cell
nucleus. The chromosomes are mainly
made up of proteins known as histones
and deoxyribonucleic acid. Humans have
46 chromosomes in their somatic (non-
reproductive) cells and 23 chromosomes
in their reproductive cells. Chromosomes
play a vital role in heredity, cell division,
variation and mutation.

DNA

DNA stands for Deoxyribonucleic Acid.
It 1s the chemical name for a molecule
that carries hereditary materials (genetic
materials) i all living organisms. The
number of DNA varies among living
organisms. DNA contains segments of
genes that contain instructions for making
proteins or ribonucleic acid (RNA).

Gene
Gene 1s the unit of heredity that 1s
transferred from the parent to offspring
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and carries information that determines
the genetic characteristics of the offspring.
The genetic informations are responsible
for many genetical characteristics such as
height, eye colour, blood type, hair colour,
flower colour, branching patterns and leaf

type.

A trait

A traitis a heritable genetic characteristic that
an organism possesses and can distinguishes
one individual from another. It also refers
to the characteristic of an organism that can
be passed from one generation to another.
Examples of an organism’s characters or
traits include colour, shape, height, texture,
length and width of various body parts.
Traits are determined by genes and also
by the interaction of the genes and the
environment. The genetic contribution
to a trait 1s called the genotype, where as
the actual appearance of the trait 1s called
the phenotype. Some traits are largely
determined by genes while others are largely
determined by environmental factors.

Allele

One of the two or more alternative forms of
a gene that appear at a particular location
on a particular chromosome 1s called an
allele. For example, human beings have
genes that determine eye colour. The
different eye colours such as brown, blue
and green are due to differences 1n alleles
of the same gene. Alleles are responsible
for determining contrasting characteristics
of an organism. For instance, two alleles
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designated T and t may control the character for height,
whereby T stands for tallness and t stands for shortness
as seen 1n Figure 2.1. Alleles are also called allelomorphs.

T ! t

Figure 2.1: Homologous chromosomes showing alleles for body
height

Locus

This 1s a specific position on a chromosome where a
particular gene 1s located. Figure 2.2 shows the loci for
thr genes for eye and hair colour. The plural of gene
locus 1s gene loci.

Chromosome Gene

Eye colour gene Brown

Hair colour gene Black

Figure 2.2: Homologous chromosomes showing different loci
for eye and hair colours

Haploid versus diploid number of chromosomes
Haploid number of chromosomes refers to a half number
of chromosomes 1n a nucleus of a cell. This number of

chromosomes 1s denoted by
letter “n”. In human beings,
gametes or reproductive
cells are haploid and
contain 23 chromosomes.
The haploid number (n)
of chromosomes in the
reproductive cells results
from meiotic cell division.

Diploid number of
chromosomes refers to
the complete set of a
pair of chromosomes 1n
the nucleus of the cell.
This number is denoted
by “2n” and implies 46
chromosomes. All somatic
cells contain diploid
number of chromosomes.

Homozygous versus
heterozygous

Homozygous 1s a genetic
term that describes the
state for an organism that
possess identical alleles
of a particular trait on
similar loc1 of paired
chromosomes. An example
of a homozygous state 1s
RR for rough coat and rr
for smooth coat. In cotrast,
heterozygous 1s a genetic
term that describes the state
for an organism that possess
different or non-identical
alleles of a particular trait
on similar loct on paired
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chromosomes. Usually, there are two alleles for
a trait that can be similar or different. When they
are 1dentical (RR or 1) an organism 1s said to be
genotypically homozygous. However, when the two
alleles are different (Rr), they are regarded to be
genotypically heterozygous as shown in Figure 2.3.

R I HR r i ir R { ir
Heterozygous
rough coat

Homozygous
smooth coat

Homozygous
rough coat

Figure 2.3: Expression of homozygous and
heterozygous alleles

Dominant versus recessive allele

Dominance refers to the relationship between
two alleles of the same gene controlling the same
trait where one allele masks the expression of the
other allele. In this relationship, the allele that
masks the effect of the other 1s called a dominant
allele whereas the other that does not express
itself in the presence of the dominant allele 1s
called a recessive allele. For example, TT 1s a
homozygous tall individual, Tt 1s a heterozygous
tall individual, and tt 1s a homozygous short
individual. An organism with Tt has a dominant
allele for tallness (T) and a recessive allele for
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shortness (t). The phenotype of
the organism will be tall due to
the dominant allele for tallness
(T). Therefore, the recessive
allele for shortness (t) 1s masked
by the dominant allele for tallness

(L)

Genotype versus phenotype
The genotype of an organism is the
genetic constitution or the genetic
expression of an organism. It can
also refer to a single gene or set
of genes that control certain trait
or character. For example, BB,
Bb, and bb are three different
genotypes. Phenotype 1s the
external appearance of an organism
resulting from the interaction of
its genotype and the environment.
It includes visible characteristics,
such as body height, eye colour,
hair colour, size of a bird’s beak,
length of the tail and invisible
traits, such as blood group. For
instance 1n eye colour, BB and Bb
are two different genotypes, but
in terms of external appearance
(phenotype), both stand for brown
eye colour trait whereas bb stands
for blue eye colour trait in humans
as shown 1n Figure 2.4.

Environmental factors that may
influence the phenotype include
nutrition, temperature, humidity,
light and stress.
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Genotype = Homozygous brown

eye colour (BB)

Phenotype  Brown eye colour

@

Heterozygous brown
eye colour (Bb)

Brown eye colour

@

Homozygous blue
eye colour (bb)

Blue eye colour

®

Figure 2.4: Expression of genotypes and phenotypes in human eye colour

Parents

These are organisms that are capable of
producing offsprings. They invariably
belong to the same species with very few
and rare exceptions. The first set of parents
1s referred to as the parental generation (or
P-generation). The genotype of the first

set of parents 1s the basis for predicting
~ produce individuals that are superior in

~ many aspects to their parents by combining

the genotype of their offspring, known as
a filial generation.

First and second filial generation

The filial generation 1s a successive
generation which 1s comprised of offspring
resulting from a cross between two
individuals from parental generation. First
filial generation (F, ) refers to the generation
produced by parental stock. It is denoted as
F generation. The second filial generation
(F,) refers to the generation produced by
crossing organisms from F, generation.

Hybrid
A hybrid 1s an offspring resulting from

hybrid organism often possesses hybrid
vigour or heterosis. Hybrid vigour is the
set of beneficial characteristics which are
not shown by either of the hybrid parents. It

- refers to a situation at a locus in which the

phenotypic expression of the heterozygous
offspring exceeds that of either of the
homozygous parents. Hybrid vigour 1s
a result of heterozygosity of individual
traits as a result of gene mixing from two
genetically distinct parents. Hybridisation
1s often applied 1n selective breeding to

desirable traits found in two or more

~ different varieties. Hybridisation does not

change the genetic contents of organisms,
but 1t produces a new combination of genes.
In agriculture, the desirable characteristics
may include a high growth rate, high yields,
stress tolerance and resistance to diseases
and drought.

Selective breeding

Selective breeding involves choosing
parents with particular characteristics to
breed together and produce offspring with

- desirable characteristics. The process of

- selecting parents 1s also called artificial
crossing two parents of different breeds or |

varieties through sexual reproduction. The

selection. Humans breed different plants
and animals in order to produce individuals
with desirable genetic characteristics.
Selective breeding 1s one of the methods
used to develop better or more useful
breeds of plants and animals.
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Pure breeding

Pure breeding is a kind of breeding in
which the parents with particular genotype
produces offspring only with the same
genotype. Pure breed individuals are a
group of identical organisms that always
produce offspring of the same genotype
when they are inter-crossed. Therefore, a
pure-breed individual 1s the one whose all
parents and descendants belong to the same
breed. A pure breed can also refer to an
offspring resulting from true-breeding. True
breeding 1s a way of producing offspring
that would carry the same genotype as
that of their parents. Thus, a pure breed
would always result when the parents are
homozygous for particular traits.

Monohybrid and dihybrid inheritance

Monohybrid inheritance 1s the inheritance
of single characteristic which is controlled
by a single gene. Examples of this kind of
inheritance include skin colour, hair texture
or shape of an organism. Monohybrid
inheritance results from monohybrid
crossing. A monohybrid cross 1s a cross
between two organisms with variations at
one genetic locus of interest.

Dihybrid inheritance 1s the inheritance of
two characteritics which are controlled
by two genes. Dihybrid crosses lead to
dihybrid inheritance among organisms. It
involves two individuals that differ in two
observable traits that are controlled by two
distinct genes. For instance, crossing pea
plants with round and yellow (RRYY) seeds
with pea plants producing wrinkled and

green (rryy) seeds.
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~ Polyhybrid inhenitance 1s the inheritance

that deals with more than two contrasting
characteristics from different allelic pairs,
Polyhybrid 1s also known as polygenic
inheritance. Examples of polygenic
inherited traits in humans includes skin
colour, height and shape.

Epistasis

Epistasis 1s a phenomenon in which the
expression of one gene 1s affected by the
expression of one or more independently
inherited genes. It refers to the ability of an
allele at one locus to affect the expression
of one or more alleles at a different locus or
different loci respectively. Epistasis occurs
when there 1s the interaction between alleles
of different gene pairs, in particular the
suppression of the effect of one such gene by
another. One gene 1s expressed and the other
1s suppressed. The gene whose phenotype
1s expressed 1s said to be epistatic, while
the one whose phenotype 1s altered or
suppressed 1s said to be hypostatic. One
example of epistasis 1s the interaction
between gene controlling hair colour and
the one controlling baldness. A gene for
baldness 1s epistatic and supresses that of
hair colour. In this case, the genes for hair
colour are hypostatic to those of baldness.
As a result, baldness phenotype occurs
regardless of hair colour.

Pedigree

Pedigree 1s a record of known lineage or
ancestral record of an individual presented
in a diagram or table. It indicates where the
progeny has descended. This 1s a register
recording a line of ancestors. The pedigree
diagram can also represent the available
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information of the family members’ traits.
It may show the presence or absence of a
certain trait associated with the relationship
among parents, offspring and siblings.

@ Activity 2.1: |

Investigating observable characteristics
of the human body

Materials: A metre rule, a weighing
balance, a note book and
a pen

Procedure

1. Observe the following features from
your fellow student: hair colour, eye
colour, height and skin colour.

2. Measure the weight of your fellow
student using a weighing balance.

3. Measure the height of your fellow
student using the metre rule.

4. Prepare a chart to describe yourself
(body features) based on the
following body characteristics: hair
colour, eye colour, weight (kg),
height (cm) and skin colour.

5. Compare your body characteristics
with those of your fellow student.

6. Discuss with your classmates the

variations you have observed.

Questions

(a) Which characters were unique to you
only?

(b) Which among the characteristics that
you observed are determined by the
environment and which are inherited
from parents?

(c) List down any other characteristics
that you have inherited from your
parents.
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Genetic material

Genetic material refers to the units within
the nucleus of a cell that carry the hereditary
information from one generation to the
next. Genetic materials can be either
deoxyribonucleic acid (DNA) in most
organisms or ribonucleic acid (RNA) in
some organisms. In eukaryotes, such as
plants and animals, DNA 1s found in the
nucleus of the cell. However, a small amount
of 1t 1s found outside the nucleus, such as in
the mitochondria and chloroplasts.

Chemical composition of the genetic
material

Genetic materials DNA and RNA are
composed of sub-units called nucleotides.
These nucleotides join together to form
unbranched chains called polynucleotides.
Each nucleotide of the genetic materials
1s composed of three basic components
namely: sugar, phosphate group, and
nitrogenous bases, as shown in Figure
2.5.The sugar is a five-carbon compound
(pentose sugar) and it exists in two forms;
ribose and deoxyribose. Ribose 1s found
in RNA and 1t has oxygen atom 1n the
second carbon of 1ts pentose sugar, while
deoxyribose 1s found in DNA and 1t lacks
oxygen atom 1n the second carbon of its
pentose sugar. The phosphate group is
a group that 1s derived from phosphoric
acid and 1s the one that gives DNA and
RNA their acidic nature. Nitrogenous
bases are the building blocks of RNA and
DNA. Nitrogenous bases are categorised
into two groups namely; purine (double
ring structure) and pyrimidines (single
ring structure). Purines are composed of
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Adenine (A) and Guanine (G) bases while
pyrimidines are comprised of Cytosine
(C), Thymine (T) and Uracil (U) bases.
The Uracil (U) 1s only found in RNA and
Thymine (T) 1s only found in DNA.

Phosphate group

Nitrogenous base

Pentose sugar

Figure 2.5: Basic structure of a nucleotide

Properties of genetic material

The following are some of the properties
of genetic materials:

(a) They have ability to replicate and form
their own copies which contain the
same genetic information as the parent
cell.

(b) They are stable, both chemically and
physically.

(c) They contain hereditary information in
the genes that code for specific traits.

(d) They are in the same quantity and
quality 1n all somatic cells of healthy
individuals.

(e) The structural elements of genetic
material are universal in their
distribution, meaning they are found
everywhere 1n life forms.
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~ Types of genetic material

There are two types of genetic material
that are found in the body of a living
organism. These are deoxyribonucleic
acid (DNA) and Ribonucleic acid (RNA).
DNA 1s the genetic material of nearly all
organisms except some viruses which
have only RNA.

Deoxyribonucleic acid (DNA)

DNA i1s the polymer of nucleotides that
carry the codes for a particular inheritable
characteristics of an organism. DNA 1s a
double-stranded molecule that is usually
twisted like a ladder to form a double
helix structure as shown in Figure 2.6.

Figure 2.6: A fragment of the double-stranded
DNA molecule

Components of DNA strand

The main components of the DNA include
the deoxyribose sugar, phosphate group
and nitrogenous bases. Deoxyribose sugar
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1s a five-carbon sugar which is also called
pentose sugar. It makes up each nucleotide
which 1s part of the chain in the DNA strand.
Phosphate group 1s linked to the pentose
sugar to form the sugar-phosphate backbone
as shown 1n Figure 2.7. It comprises of
four organic bases, namely: Adenine (A),
Guanine (G), Cytosine (C) and Thymine (T).
These organic bases are found in a specific
match of pairs that make up the rings of the
ladder when they are in the strand. Adenine
pairs with Thymine, whereas Guanine pairs
with Cytosine in forming the double helix
strands. This specific base pairing fashion
allows for the formation of weak hydrogen
bonds which holds the two strands together.

Sugar-phosphate Sugar-phosphate
backbone backbone

Pl "\ Base pair [/ )
Wil >

™\

Q 4 - o
Hydrogen bond

Figure 2.7: Untwisted DNA strand
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Ribonucleic acid (RNA)

RNA 1s a single strand polynucleotide that
in many organisms plays a role in conveying
the codes of genetic instructions from the
DNA in the nucleus. It is therefore, not only
localised 1n the nucleus like DNA, but also

found in the cytoplasm of the cell.

Components of RNA strand
Structurally, RNA 1s composed of ribose
sugar, phosphate group and four types of
nitrogenous bases which are Adenine (A),
Guanine (G), Cytosine (C) and Uracil (U)
as shown in Figure 2.8. The RNA strand
resembles the structure of a single strand of
DNA except that it possesses Uracil instead
of Thymine.

) =
Helix of
sugar
phosphate
Nitrogenous{ ™
bases

Figure 2.8: Basic structure of RNA

@ Activity 2.2: |

Designing a model of DNA

Materials: Coloured paper or manila
card, scissors, pencil, four
marker pens, ruler, masking
tape or glue and sticks

Student’s Book - Form Four

09/03/2022 19:02



Procedure

i i

Cut two strips of coloured paper of
about 50 cm long and 3 cm wide.

Use a pencil and a ruler to mark each
inch along the strips.

Use different colour of marker pen
for each base (Adenine (A), Thymine
(T), Cytosine (C), and Guanine (G)).

Take 10 sticks of 10 cm long, colour
half of each stick the colour you
choose for A. Colour the other half
the colour you choose for T.

Take another 10 sticks of 10 cm long
and do the same as 1n procedure 4
for colouring C and G.

Join both strips of paper, put one strip
on top of the other.

Insert a stick through the middle of
the strips. Use the pencil marks as
a guide. Continue until the end of

the strips. Make sure all sticks are
pushed halfway through the holes.

8. Gently, spread apart the two strips
until they look like a ladder.

Note: If any of the sticks fall, use
glue or tape to stick it.

9. Tape one end of your model to a
wall or board, then carefully, while
holding the model twist it once
around until 1t looks like a double
spiral. Tape the other end to a flat
surface.

Question
Draw the structure of your model and

describe the function of each component
labelled in the real DNA

Similarities and differences between DNA and RNA

DNA and RNA are the genetic material that carry genetic information in the cells of
organisms. Both DNA and RNA:
(a) Are made up of sugar, organic bases and a phosphate group;

(b)

Store genetic information; and

(c) Have three similar organic bases in their structures, namely Adenine, Guanine,

and Cytosine.

However, DNA and RNA differ in various ways as shown in Table 2.1.

Table 2.1: Differences between DNA and RNA

SN.

DNA

RNA

Has deoxyribose sugar

Has a ribose sugar

Has a double helix strand

Has a single strand

in mitochondria and chloroplasts

Is mostly found in the nucleus
however, small amount of it 1s found

Is found in the nucleus and cytoplasm
only
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Has Thymine as a fourth organic
base

Has Uracil as a fourth organic base

Lacks one Oxygen atom at the
second carbon in its pentose sugar,
hence the name deoxyribose

Has an Oxygen atom in the second
carbon of its pentose sugar, thus it is a
ribose sugar

Determines the code for the
formation of the protein molecule
to be formed by the cell

Is not the main determinant of the kind
of protein to be formed, it only conveys
the message for protein formation,
except 1n some viruses

Carries many genes that are
responsible for all the characters of
the organism

Carries very few genes responsible for
the characters of an organism

Codes for all the activities of the
cell

Conveys the coded information from
the DNA to the cytoplasm

[s the predominant genetic material
in most of the organisms

Is the predominant genetic material in
some viruses

| @‘ Exercise 2.1 -

g 'l--l

1.

Explain the similarities and
differences between DNA and RNA.

Explain at least three reasons for
studying genetics.

Why is the DNA molecule called
Deoxyribonucleic acid and RNA
Ribonucleic acid?

With the help of a well-labelled

diagram, describe the structure of
the DNA molecule.

Describe four major characteristics
of the genetic material.

Explain the relationship that exists
between the DNA, chromosomes and
gene.

~ Principles of inheritance

Inheritance 1s the basis of heredity, where
traits are passed on from one generation to
the next generation. Parents pass certain
characteristics to their offsprings, hence
the offspring may look like one of the
parents or both.

Concept of inheritance

Each chromosome has nitrogenous bases
arranged 1n a particular sequence to form
the nucleotide sequence. This sequence
of bases provides the genetic code. The
genetic code 1s the specific information
that determines the inheritance patternina
particular organism. The sequence of base
determine a kind of proteins that have to be
synthesised for the development of certain
traits. Each specific part that controls

Student’s Book - Form Four
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the inheritance of characters in DNA 1s
called a gene. For example, genes from
higher animals are passed on to the next
generation through sexual reproduction.
The resemblance and differences among
individuals are influenced by the structure,
functions of genes and the mechanisms
of their transmission from generation to
generation.

Mendel’s experiments

In 1856, Gregory Mendel began a series of
experiments at the monastery to find out how
traits are passed from one generation to next
generation. At that time, it was thought that
parents’ traits were blended together in their
offspring. Mendel discovered inheritance
patterns by studying the common garden
pea (Pisum sativum). He chose garden peas
because this plant mature 1n a short time,
produce viable offsprings from the crosses
and produce many seeds at once. Also, the
garden peas are perfect bisexual flower
that contains male and female parts which
can be manipulated during pollination.

~ Furthermore, garden peas show many

phenotypically contrasting characters,
making 1t possible to have a wide selection
of traits to deal with at a time.

When doing his work, he selectively grew
pea plants of different characteristics over
many generations. He discovered that
certain traits show up in offsprings without
blending of parents’ characteristics.
Mendel demonstrated that hertable
properties are transmitted in discrete
units and are independently inherited. His
experiments were based on seven distinct
traits of peas. These were qualitative
traits that could easily be measured and
assigned value as dominant or recessive
traits. These characteristics were visible
and effectively used to study their effects
in reproduction. The seven traits of the
garden pea plants are shown in Table
2.2. The modern genetics began with
experiments and principles proposed by
Mendel. For this case, Mendel 1s regarded
as the father of modern genetics.

Table 2.2: Pea-plant characters investigated by Gregory Mendel

S/N

Character Dominant trait

Recessive trait

1. |Seed shape | Round

Wrinkled |

2. |Pod colour
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3. |Seed colour | Yellow

4. |Pod shape | Inflated

Flower

colour Purple

White a

6 Flower Axial Terminal
" | position (at stem) (at tip)

Constricted i

7 |Stem Tall

length
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Mendel’s procedure

In his experiments, Mendel choose
pure line plants. Pure lines are plants
that breed true by producing offsprings
that closely resemble themselves when
self-pollinated. By crossing pure lines,
a uniform population of F, hybrnd
seed can be produced with predictable
characteristics. This means that Mendel’s
pea plants in most cases were homozygous
for the character. This was important
as only the changes that he introduced
through cross-pollination were the ones
to be seen. He chose one trait to deal with
at a time. He prevented self-pollination by
wrapping or removing either the female or
the male part of the flower, thus, leaving
the possibility of cross-pollination only.
Pea flowers contain both male (stamen)
and female (pistil) parts, as shown 1n
Figure 2.9. These plants usually undergo
self-pollination. Self-pollination normally
occurs before the flowers open, so the

offspring is produced from a single plant.

Removing
stamens from
the purple
flower

Purple flower

Stamen

Figure 2.9: Pea flower showing male and
female reproductive structures

Peas can also be cross-pollinated by hand,
by simply opening the flower buds to
remove their pollen-producing stamen in
order to prevent self-pollination and dusting
pollen from one plant onto the stigma of
another. In his experiment, Mendel opened
the flower buds to remove stamen before
they were ripe. He used pollen from another
plant and dusted the pistil to effect cross-

pollination as shown 1n Figure 2.10.

White flower

£ . Transferring pollen
\ from stamens of

white flower to

Offsprings (F,)

pistil of purple
flower

Pollinated pistil
matured into pod

Planted seed
from pod. All
act have purple

2 flower

Figure 2.10: Mendel’s procedures to carry out cross-pollination
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The result of his experiment showed that, only one character was phenotypically
expressed in the first filial generation. When he allowed the F, generation to interbreed
among themselves he obtained the F, generation which had a mixture of characters in
the ratio of 3:1. Table 2.3 summarises the results of his experiments.

Table 2.3: The results from Mendel’s experiments

Trait Parent1 Parent2 |F, F, F, ratio
Seed shape | round wrinkled | All round | 5474 round, 1850 wrinkled 3:1
Seed colour | yellow green All yellow | 6022 yellow, 2001 green Ll
Pod colour | green yellow All green | 428 green, 152 yellow 3:1
Pod shape | inflated | constricted | All inflated | 882 inflated, 299 constricted i
Flower axial terminal All axial | 651 axial, 207 terminal 3:1
position

Stem length | tall short All tall 787 tall, 277 short 34

The mnterpretation of the results was that
every hereditary trait 1s controlled by two
different factors, one from each parent.
These factors are units of heredity that the
pea plants pass on to future generations.
These factors were later called genes.
From Table 2.3, 1t 1s also obvious that the
characters that were expressed i the F,
generation were controlled by dominant
genes where as those that were masked
in the F, and reappeared in the F, were
controlled by recessive genes.

Conclusion

The conclusion of Mendel’s experiments

can be summarised into three points:

1. The mhertance of each trait 1s
determined by hereditary units called

genes, which are passed from one
generation to another without changing.

2. An individual offspring inherits one of
those units from each parent.

3. A trait may not be expressed in an
individual offspring (F ) but can still be
passed on to the next generation (F)).

Mendel’s laws of inheritance

Based on his experiments, Mendel
recognized the phenomena of dominance
and formulated the laws of inheritance.
Mendel correctly  suggested that
characteristics were transmitted from
parent to offspring by internal factors.
He also postulated that the transmission
of factors occurred through gametes, and
that only one of a pair of factors could be
present in each gamete. Mendel reasoned
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that, factors must
from each other during gamete
formation to retain the number of
characteristics. After the Mendel
discovery, these factors come to be
called genes. The gametes which
are formed are always pure for
a particular character. A gamete
may carry either the dominant
or recessive character. Based on
the observations of monohybrid
cross, Mendel’s proposed the law
of inheritance which is called the
principle of segregation or law of
purity of gamete or Mendel’s first

law.

Law of segregation (Mendel’s
First Law)

It states that, “characteristics of
an organism are controlled by
internal factors (genes) occurring
in pairs and only one of the factors
forming the pair is carried in each
gamete.” Hence, half of the sex
cells carry one allele and the other

half carries the other allele.

Mendel’s first law contributes to
the understanding on how a pair
of genes 1s segregated during
gametes formation. In meiosis,
the paternal and maternal
chromosomes get separated and
the alleles for the characters are
segregated 1nto two different
gametes. The normal paired
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segregate

number of chromosomes is restored when the
sperm and egg nucle1 unite during fertilisation
to initiate the development of the new individual
as shown 1n Figure 2.11.

Egg

Gene pair

Figure 2.11: Gene pairing after fusion of an ovum and
sperm nuclei

Law of independent assortment (Mendel’s
second law)

In one of his experiments to demonstrate dihybrid
inheritance, Mendel crossed pure breeding pea
plants having round yellow seeds with pure
breeding wrinkled green seeds. The F, generation
were all round yellow. When members of F1
generation were selfed, the F, otfsprings were
round yellow, round green, wrinkled yellow and
wrinkled green in the ratio of 9:3:3:1 as shown
in Figure 2.12. This discovery form the basis for
Mendel’s second law or the law of independent
assortment which states that “A pair of trait
segregate independently of another pair during
gamete formation”.
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Parents’ phenotypes ~ Round yellow Wrinkled green

Parents’ genotypes RRYY X

F, generation RrYy  All round yellow

Gametes from heterozygous parents

Wrinkled yellow

2

RY Ry Yr ry
RRYY RRYy RrYY RrYy

E; RY | }

a - ..__._:-'-'?'J 4 . _:;rrf )

4 [RRvy F, generation 9:3:3:1
e _

& |

: | W

©  |RrYY KEY
E "

% Yr ) ! _ Round yellow
r-ll:l' ”‘-;.:1__;__-?". b -""II Ih_""_. g . -

72 o Round green
% RrYy Rryy rrYy Iryy

g :

<
O

. Wrinkled green

Figure 2.12: Results of Mendel’s dihybrid cross

Based on those results he concluded that Law of dominance (Mendel’s third law)
the two pairs of traits when combined in Dominance i1s a phenomenon m which
F, generation tend to assort independently @ gCNC from one parent is capable of
from one another in subsequent generations. Masking the expression of another gene,

This means that allele for traits are passed ~Which 1s recessive. Law of dominance
states that “when a pair of contrasting

on independently of each other. This forms : _
factors 1s present together, only one 1s

the basis for Mendel’s second law.
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able to express itself while the other
remains suppressed.” The character which
1s expressed 1s a dominant character
and the character which 1s suppressed
1s called a recessive character.” This
situation indicates complete dominance
where by the gene which i1s dominant
completely masks the effect of other
gene In phenotypic appearance of their
F, offsprings. The heterozygous offspring

Example 2.1

will have the same phenotype as that
of the dominant homozygote and the
recessive phenotype will be only visible in
F, generation provided that the recessive
gene has not undergone any alterations.

At this level of schooling the focus will be
on monohybrid crosses rather than dihybrid
CrOSSes.

A homozygous woman for a recessive trait of blue iris 1s married to a man with
homozygous brown iris. What will be the genotypes and phenotypes of their F, and

F, generation?

Let B represent the dominant gene for brown iris

Let b represent the recessive gene for blue iris

Parents’ phenotypes

Parents’ genotypes
Meiosis

Gametes

Fertilisation

F generation genotype Bb
Brown Brown Brown  Brown

F generation phenotype
g P typ i

Brown iris

Blue 1ris

Man Woman

BB X bb
B B b b

Bb Bb Bb

1r1s 1118 1118

Figure 2.13: A cross between parents with a brown and blue iris
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Figure 2.13 shows thatin F, generation, 100% of the offspring will be phenotypically
brown ir1s and genotypically heterozygous brown iris. When F| generation offsprings
are selfed to obtain F, generation, the results will be as follows:

Parents’ phenotypes Brown iris Brown iris

Parents’ genotypes Bb X Bb

Meiosis

Gametes B b B b

Fertilisation

F, generation genotypes BB Bb Bb bb

F, generation phenotypes Brown Brown Brown  Blue
iris Ir1s 1118 1r1s

Figure 2.14: A cross between brown iris parents

Figure 2.14 shows that in F, generation, phenotypically 75% of the offsprings will
have brown iris and 25% will have a blue iris. Genotypically 25% will be homozygous
brown ir1s, 50% heterozygous brown iris, and 25% homozygous blue iris.

Example 2.2

A pure dominant purple flowered pea plant was crossed with a pure white flowered
plant. What will be the genotypic and phenotypic ratios of their F, generation?

Solution
Let P represent the gene for purple flower and p represent the gene for white flower.

Student’s Book - Form Four

BIOLOGY FORM 4.indd 48 09/03/2022 19:02



Parents” phenotypes

Parents” genotypes

F, generation phenotypes

F, generation genotype

F, generation phenotypes

F, generation genotypes PP

75% of plants have purple flowers

Purple flower

White Hower

Pp
ferti]jsatinn among F plants (F xF))

Pp pp

25% of plants have
white flowers

Figure 2.15: A monohybrid cross between pure purple and white flowered pea plants
Genotypic ratio 1:2:1
Phenotypic ratio 3:1

To 1llustrate how gametes segregate
and combine randomly

Materials: 10 red marbles, 10 blue
marbles, and two bags each
containing an equal number
of red and blue marbles

Procedure

1. Assume that the red marbles are
dominant over the blue marbles. With
your eyes closed, pick a marble from
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Activity 2.3: |

one bag and then a marble from the
other bag. Place the marbles together
to form a pair. (Note: Any other two
different colours can be used).

Repeat step (1) until you finish all
the marbles from the bags.

Study two pairs. Classify them
as homozygous (same-coloured
marbles) or heterozygous (one red
and one blue).

Discuss the results with your
classmates.
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Punnet square

Punnet square 1s a square diagram or a
table that 1s used to determine all possible
outcomes or genotypes of a particular

cross or breeding experiment.

This approach was devised by Reginald C
Punnet in 1905. Since then, the diagram
has been widely used to determine the
probability of genotype of an offspring. The
table summarises possible combinations of
maternal and paternal alleles. In this way,
the genotypic outcomes or probabilities
of the offspring of a single trait (allele),
or when crossing multiple traits from the
parents can be visually examined. The
female gametes are usually represented

by the symbol @ and male gamete as O.

Example 2.3

A pure breed pea with green pods was
crossed with a pure breed pea with
yellow pods. If the genes for green pods
are dominant over the genes for yellow
pods, use punnet square to determine

the phenotypic ratios of F, generation.

Solution

Let letter G represent the gene for
green pods and g represent the gene for
yellow pods.

o} G G

Q@
g Gg Gg
g Gg Gg

Figure 2.16: A punnet square for genes of
green and yellow pods

Figure 2.16 shows that all the F
generation will be phenotypically green
and genotypically Gg.
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When the F| are selfed;

d G g
Q@

G GG Gg
g Gg gg

Figure 2.17: A Punnet square for the F, cross
for green pods genes

Phenotypic ratio 1s 3: 1
Genotypic ratio 1s 1: 2: 1

Figure 2.17 shows that when the F
offsprings were selfed, the result was
green and yellow pods in the phenotypic
ratio of 3:1 phenotypically. This 1s a
basic Mendelian phenotypic ratio for a
monohybrid cross.

Methods of determining unknown
genotypes

Determination of genotype of an individual
involve back cross and test cross.

Back cross

This 1s a cross between a hybrid with any
of its parents or with an individual that
1s genetically similar to its parents. The
aim of doing this 1s to get an offspring
with certain qualities that the parents
had. The backcross is useful in genetics
studies for 1solating certain characteristics
in a related group of individuals. This 1s
mostly applied in horticulture and animal
breeding. In back cross, the F, hybrids may
be crossed with either the homozygous
dominant parent or homozygous recessive
parent as shown in Figure 2.18.
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Parents

F, generation

Phenotype round x  wrinkled
Genotype RR Rr
Gametes R R ¥ T
Offspring
— R Gametes .
R RR RR
r Rr Rr

Phenotypically 100% will be round
Genotypically 50% will be RR and 50% will be Rr

wrinkled
RR Y IT

Crossing F with homozygous dominant parent

Crossing F| with homozygous recessive parent

Phenotype round x  wrinkled
Genotype Rr IT
Gametes R r r r
Offspring
Gametes SR
R r
r Rr IT
r Rr T

Phenotypically 50% will be round and 50% wrinkled
Genotypically 50% will be Rr and 50% rr

Figure 2.18: Back cross between F, with its parents

Test cross

This 1s a cross between an organism showing a dominant trait but of unknown genotype
with an organism that 1s homozygous recessive for a trait. Test cross 1s used to discover
the unknown genotype of an individual showing a dominant trait. An example of test

cross 18 shown in Figure 2.19.
Let Y represent the gene for yellow seed

Let y represent the gene for green seed
Parents Y? vy

Gametes from Gametes from unknown

‘ genotype
recessive genotype Y y
y Yy yy
y Yy yy

Gametes from Gametes from unknown

recessive genotype | genotype
Y Y
y Yy Yy
y Yy Yy

A test cross producing 1:1 ratio of yellow to
green offspring indicates that the unknown
genotype is heterozygous

A test cross producing all offspring with
dominant trait indicates that the unknown
genotype 1s homozygous dominant

Figure 2.19: Test cross to determine unknown parental genotype showing dominant phenotype.

BIOLOGY FORM 4.indd 51

09/03/2022 19:02



0

Test cross versus back cross

These are two different types of crosses that are extremely helpful in identifying the
genotype of an individual. Table 2.4 summarises the difference between test cross and

back cross.

Table 2.4: The major differences between the test cross and back cross

Test cross

Back cross

Involves crossing of the dominant
phenotype with the homozygous
recessive phenotype (parent)

Involves crossing of F, generation with one
of 1ts parents

All test crosses are backcrosses

A backcross can be considered as a test
cross only 1f the parent 1s recessive.

The F  hybrid is crossed with a recessive
genotype

The F, hybnd is crossed with either
homozygous dominant or heterozygous

genotypes

Helps 1 the identification of the
genotype of the individual showing a
dominant phenotype

Helps to identify the desired genotype by
checking the segregation of genes at the
time of gamete formation

E @ - Exercise 2.2 -

1. What is the phenotypic and genotypic
ratio obtained after crossing the
pure breeding tall plant with the
heterozygous tall plant, assuming
that the gene for tallness 1s dominant.

2. Why did Mendel choose garden pea
plants for his experiments?

3. A black mouse mates with a white
mouse and all the F, offspring were
black.

(a) What does this suggest about
hair colour in mice?

(b) Show all the crosses for the
F, generation using a Punnet
square.

BIOLOGY FORM 4.indd 52

(c) What will be the phenotypic and
genotypic ratio of I, generation?

4. Cyst fibrosis is controlled by a
recessive allele. Using appropriate
symbols complete a Punnet square
to show the probable outcome of
mating between a couple, both of
them are heterozygous for this gene.

5. Describe two experimental
innovations introduced by Mendel
that allowed him to discover his laws
of mnheritance.

6. What were the major conclusions of
the Mendel’s experiments?

7. Why is Mendel’s first law referred
to as the law of segregation?
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Non-Mendelian inheritance

Non-Mendelian inheritance 1s any pattern
of inheritance that does not follow Mendel’s
laws of inheritance. In this case, traits
observed in the resulting offspring do
not segregate as suggested by Gregory
Mendel. According to Mendel, each parent
contributes one of the two possible alleles
for a trait. In this way, Mendel’s laws can
be used to determine the distribution of
phenotypes expected to the population of
offspring 1f the genotypes of both parents
are known. However, there are several
situations in which the proportions of
phenotypes observed in the progenies do not
match with the predicted Mendelian ratios.
In the patterns of Mendelian inheritance,
the F, progenies of pure line parents have
the same trait. When this pattern 1s not
observed, the inheritance is said to be non-
Mendelian. There are two main patterns
of inheritance that are non-Mendelian.

Parents’ genotype

Parents’ phenotype

These are incomplete dominance and
codominance.

Incomplete dominance

This 1s a pattern of inheritance whereby no
gene completely masks the expression of
the other gene. In this pattern, both of the
contrasting genes blend equally and express
themselves in the offspring. This results into
the formation of an intermediate form of
a character. For example, in four o’clock
fHower plant (Mirabilis jalapa) incomplete
dominance occurs when homozygous red
flowered plants (RR) are crossed with white
flowered plant (WW). All of the resulting
progenies are pink flowered plants (RW) as
shown in Figure 2.20. These heterozygous
individuals do not resemble any of the
parents. Mendelian inheritance focuses
primarily on situations where one allele
at a gene locus 1s completely dominant
over the alternative allele in phenotypic
expression. Incomplete dominance can also
be seen in the blending of colours among

the Bougainvillea flowers.

RR

Parents’ genotype W

Parents’ phenotype %

Figure 2.20: Incomplete dominance in Mirabilis jalapa flower
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In a certain plant species, some individuals produce red coloured flowers while others
produce white flowers. A plant that produces red flowers was crossed with a plant that
produces white flowers, and all the F generation progenies produced pink flowers.

(a) What were the genotypes of the F, generation progenies?

(b) Give the genotypic ratio of F, generation progenies.

Solution

Let the gene for red colour be R
Let the gene for white colour be W

(a)

Parents’ phenotypes Red White
Parents’ genotypes RR X WWwW
Meiosis
Gametes R R W W
Fertilisation

_ J
F generation genotype RW RW RW RW

F generation phenotype Pink  Pink Pink Pink

Figure 2.21: A cross between red and white flowered plants

Phenotype of F, progenies: all will be pink flowered

Genotype of F, progenies: all will be heterozygous RW.
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Parents’ phenotype Pink Pink

Parents’ genotype

RW X RW
Meiosis /\ /\
R W R W

Gametes

Fertilisation

F_ generation genotypes RR RW RW WWwW

F, generation phenotypes Red Pink Pink White

Figure 2.22: A cross between heterozygous pink flowered plants

From figure 2.22 the phenotypes of the F, generation will be red, pink and white
flowers 1n the ratio of 1:2:1.

The genotype of the flowers will be homozygous red, heterozygous pink and
homozygous white flower 1n the ratio of 1:2:1.

Codominance

Codominance occurs when both genes of an allelomorphic pair produce their effects
in an individual as shown 1n Figure 2.23. In this situation, the genes for a particular
trait are both dominant hence none of them masks the other and each gene expresses
its character in the offspring. In heterozygous condition both genes are fully expressed.
Thus, the trait 1s neither dominant nor recessive. A good example 1s shown when a black
fur cow mates with a white fur bull. The F, generation offspring will have a mixture of
white and black fur. Such fur is called roan, where by neither the white nor the black fur
masked the other, but both are expressed in the offspring. However, in the F, generation
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there will be a mixture of the black, white, and the roan fur calves. When performing
codominance crosses, different capital letters are used to indicate the genes, unlike 1n
complete dominance where the contrasting characters are shown by small and capital
letters.

Let B be gene for black fur
Let W be gene for white fur

Parents’ phenotypes

Parents’ genotypes

F, generation

F. xF

F, generation phenotypes

F, generation genotypes =~ BB
\

\
4 Black 7 Roan L4 White

Figure 2.23: Codominance inheritance of coat colour in cattle

Consider the cross between a black fur cow and a white fur bull.
Let the allele for black fur cow be B and that for a white fur bull be W.
The parents’ genotypes will be BB and WW.
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Parents’ phenotypes Black fur cow  White fur Bull

Parents’ genotypes

BB X WW
Meiosis /\ /\
B B W W

Gametes

Fertilisation
F, generation genotype BW BW BW BW
F, generation phenotype Roan Roan  Roan Roan

Figure 2.24: A cross between a black cow and a white fur bull

Figure 2.24 shows that all the offspring in the F, generation will be roan with a genotype
of BW.

When the F, generation offspring are selfed, the resulting F, offspring will have BB,
BW and WW in the ratio of 1:2:1 as shown in Figure 2.25.

Parents’ phenotype Roan Roan
Parents’ genotype BW X BW
Meiosis

Gametes B W B W
Fertilisation

F, generation genotypes BB BW BW WWwW

F, generation phenotypes Black Roan Roan White

Figure 2.25: A cross between a roan cow and a roan bull
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Codominance inheritance of blood
group

Just like eye or hair colour, human blood
group is inherited from parents and is
controlled by an autosomal gene. The
gene locus 1s represented by symbol
[. There are three genes which are
represented by the letters A, B and O.

The genes for blood group A and blood
group B are dominant whereas those for

' be expressed as phenotype AB. Blood
this regard, the system 1s called the ABO
system. Each biological parent donates

blood group O are recessive to both. In

one of two alleles to their oftsprings. The
possible human phenotypes for blood
groups are A, B, AB, and O, as shown in
Table 2.5. An individual’s blood group

depends on which genes they inherited
from their parents. If one of the parents
18 homozygous blood group A and the
other 1s homozygous blood group B the
F, generation will be phenotypically AB
for blood group and not A or B as it could
be expected in the Mendelian dominance

 pattern. Both A and B genes are co-

dominant, meaning that if a person inherits
the AB blood genotype, both genes will

group A and B individuals can be either
homozygous (I*1* or I®I®, respectively),
or heterozygous (I*1° or I°I°, respectively).
For an individual to have blood group O,
he or she must inherit the recessive gene
for blood group O from both parents (I°[°).

Table 2.5: Possible genotype of human blood groups

Allele from 1* Allele from 2™ Genotype of Blood group of
Parent Parent Offspring Offspring

A I* [AA A

A I° [A1° A

I I® PIE B

I I° PIP B

A I® P AB

I® A Pr AB

19 12 I°1¢ O

The frequency of ABO groups varies in different ethnic populations. Hence, this must
be taken into account when recruiting representative blood donor panels.
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Example 2.5

What would be the blood groups of children whose one of the parent has blood
group O and another has heterozygous group A?

Solution
Parents’ phenotypes Blood group A Blood group O
Parents’ genotypes | fd b X I°1°
Meiosis
Gametes & i I© 1©
Fertilisation

_ J

F generation genotypes 5l b 6o b I°1° 324 £

F generation phenotypes  Blood Blood Blood Blood
group A group A group O group O

Figure 2.26: A cross between blood group A and group O parents

The genotypes of the offspring will be [*I° and I°I°

From Figure 2.26, half of the children will have blood group A and the other half will
be blood group O. Therefore, the phenotypic ratio will be 1:1.

Example 2.6

A woman with blood group A claims that a man with blood group B 1s the father of
her child. A blood test reveals that the child’s blood 1s group O. Is it possible that the

alleged man 1s the biological father of the child?

Solution
The possible genotypes of woman can be I*I* or [*I° and the possible genotypes of
the alleged father can be [°I® or I®I°
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1** Case: Let the parents’ genotypes be I*I* and I®I®

Parents’ phenotypes Blood group A Blood group B
Parents’ genotypes i i X [B[®

Meiosis /\
Gametes | A 1P P
Fertilisation

F, generation genotype Pr G L B & PR

F ion ph Blood Blood Blood Blood
SR e group AB group AB group AB group AB

Figure 2.27: A cross between homozygous blood group A and group B parents

For the assumption of genotypes in 1* case, all the children will have type AB blood
group.
2 Case: Let the parents’ genotypes be I*[* and [P 1°

Parents’ phenotypes Blood group A Blood group B
Parents’ genotypes FE X b

Meiosis /\
Gametes A A B I”
Fertilisation

F, generation genotype & i | G 1 i 2I°

. Wiy Blood ~ Blood ~ Blood  Blood
, generation phenotype grgl?p AB grgl?p A gr&‘i’p AB grgl?p A

Figure 2.28: A cross between homozygous blood group A parent and heterozygous blood group B parents

The resulting offspring will have blood groups AB and A only.
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3" Case: let the genotypes of the parents be [*1°and [®I®
Parents’ phenotypes Blood group A Blood group B

Parents’ genotypes X P

i
Meiosis /\ /\

Gametes Ly 10 = ¢
Fertilisation
F, generation genotype e G =19 Bl

F tion ph Blood Blood Blood Blood
 generation phenotype group AB group AB group B  group B

Figure 2.29: A cross between heterozygous blood group A and homozygous blood group B parents
The resulting offspring will have blood group AB and B only.

4™ Case: let the genotypes of parents be [*[°and I®I°

Parents’ phenotypes Blood group A Blood group B
Parents’ genotypes Gy i X PBe

Meiosis /\ /\
Gametes ks I° P P
Fertilisation

F, generation genotype g oy e b PP i by

F tion phenot Blood Blood Blood Blood
(SRR PRI R group AB groupA  groupB  group O

Figure 2.30: A cross between heterozygous blood group A and heterozygous blood group B parents
The resulting offspring will have blood type AB, A, B, and O.
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The child will have blood group O only if the genotype of the mother is [*I° and that
of the father 1s I° I°. Therefore, the alleged man cannot be excluded as the possible

biological father of the child.

Rhesus factor

The Rhesus factor, also denoted as Rh
factor, 1s a type of protein found on the
surface of red blood cells. This protein 1s
genetically inherited from parents. About
85% of the world’s human population
possess this antigen and are described as
Rhesus positive (Rh"). Those without this
type of protein are described as Rhesus
negative (Rh).

Normally, blood group of an individual
1s classified with the positive or negative
sign next to the blood group to indicate
the presence or absence of the Rhesus
factor on the surface of red blood cells.
Human blood groups can be classified
into eight groups, based on the presence
or absence of antigens on the red blood
cells as shown in Table 2.6. Although Rh
positive 1s the most common blood type,
having a Rh-negative typing does not
indicate illness and usually does not affect
the health of an individual.

Usually blood typing is done during blood
donation and transfusion to determine
blood type and Rh factor. Normally,
someone with Rh" blood group can
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receive blood from both Rh™ and Rh-
blood during transfusion, but those with
Rh™ can only receive Rh blood. This
18 because Rh" blood transfusion can
cause a person with Rh™ blood to make
antibodies against the Rh factor. This can
lead to transfusion reactions. In the case
of pregnancy, problems may occur in
subsequent birth after the first childbirth
if the mother 1s Rh™ and a foetus i1s Rh™. It
18 routine and important that the Rh factor
for a mother and biological father be
determined during pregnancy in order to
predict the status of the unborn baby. This
is because when a Rh™ mother is carrying
a Rh" foetus, blood cells from the foetus
may cross into the mother’s blood during
pregnancy, labour or delivery. In this case
mother’s immune system will treat the
foetus blood cells as a foreign bodies and
produce antibodies against them. First
born are often not affected unless the
mother had past miscarriage. However,
the subsequent pregnancies will result
into stillbirth or death after birth due to
existence of antibodies against the positive
Rh factor. Rh- mothers are usually given
treatment during pre-natal care to prevent
this problem.
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Table 2.6: Rhesus factor classification in human blood groups

Blood group | Antigen on Red | Rhesus factor Donating Accepting
Blood Cells

At A Present A*, AB* ATA, OO

A~ A Absent A*, A, AB*, AB- A Or

B+ B Present B*, AB* B*, B, 0", O

B- B Absent B*, B, AB*, AB- B, O

AB " Aand B Present AB* Everyone

AB - A and B Absent AB", AB- AB, A, B, O

O° None Present O, A", B, AB* 0 3 )

O - None Absent Everyone O

l' @ - Exercise 2.3 -

-W"

1.

A man who 1s homozygous for brown
1r1s marries a woman who has blue
iris. Show the results of the F . What
would be the colour of iris of the
resulting offspring if two members
of the F are crossed? Assume brown

colour to be dominant over blue.

A pure red flowered plant was
crossed with a pure yellow flowered
plant. The offspring for the first filial
generation were all phenotypically
red flowered plants. Show the
genotypic and phenotypic ratio of
F and F, using Punnet square.

A red-flowered rose was crossed
with a white flowered rose and all
members of the F, were pink. When
the pink flowered plants were selfed,
a mixture of red, pink, and white
flowered plants were obtained.
[llustrate the above information using
genetic cross diagrams.

A brown cow was mated with a
white bull. In the F, generation all
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the offspring had equal patches of
brown and white fur. Show the F, and
F, genotypic and phenotypic ratios
using Punnet squares.

. Incattle, RR =brown, Rr=roan, and

rr = white. What are the expected
phenotypes and their frequencies 1n
the offspring resulting from crosses
between:

(a) a brown bull and a white cow?
(b) a brown bull and a roan cow?
(¢c) aroan bull and a roan cow?

. In peas, seeds may be round (R) or

wrinkled (r). What proportion of the

offspring in the following crosses

would be expected to have wrinkled

seeds?

(a) RRxrr

(b) Rrx Rr

(¢) Rrx rr (assume that the capital
letters denote a dominant
trait and lowercase letters the
recessive trait)

. What happens if a Rh*"blood 1s given

during transfusion to a Rh  person?

09/03/2022 19:02




0

Sex determination and inheritance

The sex of an organism is determined by
the gene located 1n the sex chromosomes.
Every organism has a fixed number
of chromosomes in its cells. In human

somatic cells which 1s equivalent to 23
pairs of chromosomes that carry different

characteristics from one generation to

another. Among the 23 pairs, only one
pair 1s the sex chromosomes. This pair 1s
responsible for sex determination and the
remaining pairs are autosomal chromosomes
(or simply autosomes). Autosomal
chromosomes are the chromosomes that
control different somatic characters. The

two sex chromosomes are dimorphic and

they are denoted as X and Y chromosomes.

Parents’ phenotypes
Parents’ genotypes
Meiosis

Gametes

Fertilisation

F, generation genotype XX

F generation phenotype = Female

The two sex chromosomes 1n the cells of
females are similar in size and shape. They

~are both X chromosomes thus females are

said to be homogametic organisms. In
contrast, males have chromosomes with

: .| different sizes whereby one has longer tails
beings there are 46 chromosomes in Y &

(X chromosome) and the other has shorter
tails (Y chromosome). The possession of
X and Y chromosomes makes males to be
called heterogametic organisms.

In human, female inherit an X chromosome
from each parent, where male always
inherit their X chromosome from their
mother and Y chromosome from their
father. Hence, when a Y chromosome
fertilises the egg, the resulting offspring
1s male and 1f the X chromosome fertilises
the egg, the resulting offspring 1s female,
as illustrated in Figure 2.31.

Female Male

7\X/XY\
X X X Y

xY XX XY
Male Female Male

Figure 2.31: A cross for sex determination in the offspring

The ratio 1s 2 females: 2 males which 1s 1:1
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From Figure 2.31, the genotype for the
girl 1s XX while that of the boy 1s XY.
In this respect, the determination of the
sex of the child in human beings depends
on the type of sperm that fuses with the
ovum. The chance of producing a female
offspring 1s 50% and that of male 1s 50%.

Sex linked characters

Sex-linked characters are observable
features of an organism which are controlled
by genes located on the sex chromosome.
In human, these genes are carried on the
X chromosome. Examples of a sex linked
characters in human include haemophilia
and colour blindness. It could be expected
that the sex chromosomes could only have
the genes concerned with sex but 1t 1s not
so, rather the sex chromosomes carry genes
other than the sex determining genes. Some
somatic genes are also carried on these
chromosomes. The somatic genes attached
to the sex chromosomes are thus said to be
sex linked genes. These genes have nothing
to do with sex determination. They can
thus carry other characteristics, hence those
characters are said to be sex linked.

Most of the sex-linked genes are carried
on the X chromosomes and not on Y
chromosomes. This i1s because of the
structural differences between the two
chromosomes. X chromosomes have a
longer tail which has ability to carry more
genes than Y chromosomes. Y-linked traits
are passed only from father to son. There
are very few characters that are carried on
Y chromosome, for instance the holandric
gene that determine the growth of hairs on

the pinna of some men. This character 1s
only found in men as shown in Figure 2.32.
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Figure 2.32: Hairy pinna

However, the most common and familiar
sex linked characters are haemophilia and
red-green colour blindness.

Haemophilia

This 1s a hereditary trait in which an
individual’s blood 1s unable to clot.
Haemophilia 1s caused by lack of clotting
factors or proteins in the blood. This leads
to prolonged bleeding which can lead
to serious blood loss and if measures to
induce clotting are not taken can result into
death. But this 1s usually not a problem
when a haemophilic person has minor
cuts or scratches. Haemophiha 1s also
accompanied by the tendency of bleeding
in joints, skin and muscles. The condition
causes more deaths. This 1s especially
among children because they are more
likely to injure themselves compared
to adults. Normally, when a person has
a cut, substances in the blood known
as clotting factors mix with blood cells
called platelets to make the blood sticky
and form a clot at the injured site. This
eventually stops the bleeding. People with
haemophilia do not have as many clotting
factors as they should have in their blood.
Haemophilia 1s a recessive sex linked
blood disorder. The condition primarily
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this condition. A male inherits this gene
on the X chromosome. Females can also
have haemophilia, but it 1s much rare
since both X chromosomes must have the
gene for the disease to express itself. The
probability for this to occur 1s very low.
Only the homozygous recessive female
individuals can show the phenotypic signs
of the condition whereas heterozygous
individuals are carriers of the trait. A carrier
female can pass the affected gene on to her
children. The condition can be minimised

Example 2.7

by avoiding marriage among close
relatives. There 1s no cure for haemophilia,
but clotting factor concentrates can be
administered to replace the missing
clotting factor proteins to stop excessive
bleeding. These proteins are given in the
form of injection. People with hemophilia
should avoid sports such as football.
They should also avoid certain painkiller
medications such as aspirin and ibuprofen
which can affect their blood’s ability to
clot. Lastly, they should have regular teeth
and gums check-ups.
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A non-haemophilic man 1s married to a haemophilic woman. What will be the
phenotypes of their resulting offsprings?

Solution
Let the gene for haemophilia be h and the gene for normal condition be H. The
genotypes of the parents will be X"Y and X" X"

Parents’ phenotypes Non haemophilic Haemophilic
Man Woman
Parents’ genotypes XY X Xox®
Meiosis
Gametes Xt L Xt Xt
Fertilisation
F, generation genotype XHXh XHXh XY XY

F generation phenotype  Non haemophilic Non haemophilic Haemophilic Haemophilic
1 female (carrier)  female (carrier) male male

Figure 2.33: A cross between haemophilic and non haemophilic parents
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affects males but females can also have
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Figure 2.33 shows that, the family will have all the male offsprings affected with
haemophilia whereas all the female offspring will be carriers, showing no symptoms.

Example 2.8

A certain woman who 1s a carrier of haemophilia was married to a haemophilic man.
Is there any possibility of having phenotypically normal children from the couple?

Solution
Let h represent the gene for haemophilic and H represent the gene for normal condition.

Parents’ phenotypes =~ Non haemophilic (carrier) Haemophilic
Woman Man
Parents’ genotypes T X XrY
Meiosis /\
Gametes )%” Xt X0 Y
Fertilisation
F, generation genotype XHXb Xy Xbxh XY
F, generation phenotype  Non haemophilic Non haemophilic Haemophilic Haemophilic
1 daughter (carrier) son daughter son

Figure 2.34: A cross between haemophilic and non haemophilic parents

Figure 2.34 shows that the couple will have 50% chance of having a normal child.

Colour blindness

This 1s the decreased ability to see or distinguish colours. Colour blindness is the most
common type of inheritable colour vision deficiency. It 1s also known as deuteranopia.
[t 1s a sex-linked disorder in which a person fails to distinguish between red and green
colours. This condition is caused by arecessive gene located on the X chromosome. Since
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it 1s passed down on the X chromosome,

the disorder i1s more common in males.
This 1s because males have only one X
chromosome and if that chromosome has
an allele for colour blindness, they will
be colour blind. Currently, there 1s no
treatment available for red-green colour
blindness. However, corrective contact
lenses may help to neutralise red-green
colour blindness. These lenses are in the
form of tinted lenses or filters that help a

Example 2.9

person to see red and green colours more
clearly.

A colour blind boy cannot receive a colour
blind allele from the father even if the
father is a colour blind. This is because a
father can only pass an X chromosome to
his daughters and not his sons. A colour
blind daughter must therefore have a
father who 1s colour blind and a mother

who 1s either a carrier or colour blind.

A woman carrier of colour blindness was married to a normal man. What will be the
probability of getting a normal colour visioned son?

Solution

Let the gene for colour blindness be b and the gene for normal be B. The genotype
of the carrier mother is XBX® and normal father is XBY.

Parents’ phenotypes  Non colour blind (carrier) Normal colour vision
Woman Man
Parents’ genotypes XPXP

Meiosis

Gametes

Fertilisation

F, generation genotype XBXE
F, generation phenotype  Non colour
i : i blind daughter

X E/\Xh

X XY
XB b

X°N XBXP XY
Non colour  Non colour  Colour
blind son blind daughter blind son

(carrier)

Figure 2.35: A cross between a carrier colour blind woman and normal man

Figure 2.35 shows that there is a 50% chance of getting a normal colour visioned

SOn.
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Sex limited characteristics

These are characters that are only limited
to a particular sex and cannot be found
in the other sex. The sex limited traits
are controlled by autosomal genes,
meaning the genes are not carried on X
and Y chromosomes. Therefore, genes
from both parents (male and female)
contribute to these traits. However, they
are only expressed in one sex. In human
beings there are some secondary sexual
characteristics that only develop in one
sex and are not found in the other. For
instance, beards are more produced in
males due to influence of male hormones.
Another common example of sex limited
characteristics 1s the presence of hairy
pinna and semen in males. Other examples
include milk production and ovulation in
females.

Sex-influenced characteristics

These are genetically controlled characters
that may appear in organisms of both sexes
but are expressed to a different degree
in each sex. They are also called sex-
controlled characters. Although they may
even have identical genotypes in both males
and female, they become more noticeable
in one sex and almost lost in the other sex.
For example, in human beings mammary
glands enlarge and become functional only
in female. Likewise, other organisms have
some characters that mostly develop 1n
one sex and do not develop in another. For
instance, the comb and colourful plumage
of a cock, the tail feathers in peacock, the
horns in male sheep (ram) and the mane in
lions as shown in Figure 2.36.
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Figure 2.36: A picture showing female
and male lion

Sex preference versus Sex selection

Sex preference 1s favouring a particular
sex compared to the other. Sex selection
1s the process of using various means to
achieve the desired sex of offspring. Sex
preference and sex selection 1s usually
due to several factors such as economic
status, cultural beliefs and certain social
prejudices towards a particular sex. Sex
preference and sex selection can lead to
discrimination and unfair treatment of
individuals of particular sex. However, it
should be noted that men determine the
sex of the baby because 50% of the sperm
carry X-chromosome and 50% carry the
Y-chromosome while each female egg
carry only one X-chromosome. The sex
of the baby will depend on whether the
egg was fertilised by a sperm carrying X
or Y chromosome.

l' @ - Exercise 2.4 -

1. Explain why colour blindness 1s more
common in man than in woman?
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Variation among organisms

2. Using relevant genetic crosses, show

how sex 1s determined in human
beings.

. With examples differentiate between

sex limited and sex influenced traits.

What is the probability of having a
normal son when a normal woman
1s married to the haemophilic man?

. Ared flowered plant (RR) is crossed

with a white flowered plant (WW).
If the gene for petal colour in these
plants exhibit incomplete dominance,
what will be the genotypic and
phenotypic ratio of their offsprings
in F and F, generation?

In humans, the allele for normal
blood clotting H, is dominant over
the allele for hemophilia, h which
1s a sex-linked trait found on the X
chromosome. A woman with normal
blood clotting has four children: a
normal son, a hemophiliac son, and
two normal daughters. The father
has normal blood clotting. What are
the genotype for each member of the
family?

Red-green colour blindness 1s a
recessive sex-linked trait. If a normal-
visioned woman whose father is
colour blind marries a colour blind
man.

(a) What is the probability of their
children being colour blind?

(b) What is the probability of their
sons being normal visioned?
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Variations 1s the existence of the differences
among organisms within a population.
These variations may be in terms of
morphology, physiology, cytology and
behaviour of individuals. The variations can
be caused by either genetic or environmental
factors. Variations caused by environmental
factors are not inheritable. These variations
are generally called acquired variations
while variations which are inherited are
called inheritable variations. Examples of
acquired traits are calluses on fingers, scars
and possession of large muscles due to
physical exercises.

Types of variations

There are two types of inheritable
variations. These include discontinuous
and continuous variations.

Discontinuous variations

These are variations that show a clear-cut
gap between the extremes of comparison.
There are no intermediate forms between
the two extremes. The traits are determined
by a single pair of genes, and the resulting
phenotype 1s easy to distinguish. It can be
simply regarded to be present or absent.
The traits which exhibit discontinuous
variation are also known as Mendelian
traits. Examples of discontinuous variation
includes ability to roll the tongue, albinism,
blood groups, rhesus factors, fingerprints,
sex and haemophilia. Figure 2.37 shows a
tongue roller and a non-tongue roller.

Student’s Book - Form Four
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Figure 2.37: (a) Tongue roller (b) non-tongue
roller

Continuous variations

These are the vanations which are
controlled by more than one pair of
genes. These variations do not show a
clear-cut gap between the two extremes.
They usually have many intermediates
such that when comparing one must

have a point of reference from where one
compares the extreme. A continuous trait
displays a range of expression, such as
those seen 1n height, weight, skin colour,
and 1ntelligence.

The inheritance of continuous traits does
not show the phenotypic ratio as per the
characteristic of Mendelian inheritance,
though each of the genes contributing
to the trait is inherited. These are also
known as non-Mendelian traits. Skin
colour inheritance in humans is a good
example of continuous variation. Many
genes contribute to the determination of a
person’s natural skin colour that leads to
a wide variation in natural skin colour as
shown in Figure 2.38.

geeee

Figure 2.38: Skin colour variations in humans

Importance of variation

Genetic variations have a number of advantages in the population as follows:

1. Variation helps to reduce the occurrence of recessive genetic disorders.

2. Vanation helps to increase resistance to certain disease-causing agents.

3. Vanation improves the chance of survival of a particular species on the onset of

unfavourable conditions.

However, continuous and discontinuous variations differ in many ways as shown in

Table 2.7.

Table 2.7: Differences between continuous and discontinuous variation

S/N | Continuous variations

Discontinuous variations

1. Have intermediate forms

There are no intermediate forms

Are controlled by genes and environment

Are controlled by genes

3. | Tend to be quantitative

Tend to be qualitative.
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Causes of variations in organisms

Variations in organisms can be caused by
a number of factors that are grouped into

either genetic or environment factors.

Environmental factors

There are several environmentally related
factors that can lead to variations among
living organisms. These factors include
space, population, food, water, climate, and
diseases. All these factors lead to variations
among organisms. However, these acquired
variations cannot be inherited or passed
from one generation to the next since they
affect only the phenotype of the organism
and not 1ts genetic makeup (genotype).

Genetic factors

These are factors that cause inheritable
variations that can be transferred from
one generation to another. The genetic
factors include crossing over that occurs in
meiotic processes, fertilisation, independent
assortment during metaphase I to anaphase
Il stage of meiosis, migration, and mutation.

Crossing over: This i1s a genetic
recombination that occurs during prophase
I of meiotic cell division. In this case,
chromatids of homologous chromosomes
break at the tips and randomly exchange
their genetic material, leading to new
recombinant chromosomes. This causes
most of variations among members of a
species to occur. Crossing over enables
the swapping of genetic material of two
homologous chromosomes. The number
of combinations depends on the number
of pairs of chromosomes at this stage.
In human beings the number is 2n = 46

chromosomes.

Fertilisation: This 1s the random fusion
of the male and female gametes during
sexual reproduction. Fertilisation occurs
when a sperm fuses with an egg. When
fertilisation occurs there 1s shuffling of
genes. Meiosis and fertilisation create
genetic variations by making new
combinations of gene variants, the alleles.

Mutation: This 1s the change in the
nucleotide sequence of a gene or in the
number or structure of a chromosome(s).
Mutation in reproductive cells may be
passed on to successive generations.
Mutation can occur spontaneously or can
be induced by some chemicals and ionising
radiations such as X-rays, cosmic rays and
ultraviolet light. Some of the mutations can
lead to death or serious effects including
diseases while some other mutations
can just lead to certain variations among
individuals.

Independent assortment: The law of
independent assortment states that “any one
of a pair of characteritics may combine with
another pair independently. Independent
assortment, together with random
fertilisation produce more possibilities
for genetic variations among organisms to
occur. Independent assortment 1s a source
of genetic variation because it produces
new combinations of alleles.

Migration: Migration introduces alleles
into the recipient population, 1f the migrant
interbreeds with the individuals in the
recipient population. The introduced alleles
could lead to increased genetic variations.
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@ Activity 2.4:

Investigating the variation among the
finger prints

Materials: Ink pad, two plain papers,
hand lens, sanitizer, soap,
water and towel

Procedure

1. Clean your fingers using soap and
water. If there are some stains that
do not get easily removed use a hand
sanitizer and dry your fingers using
a towel.

2. Press the tip of your thumb of the
right hand on the ink pad and then
press it on the plain sheet of paper.

3. Fellow classmates should follow
similar procedure until the papers
are full.

4. Use a hand lens to observe the prints.

Questions

(a) Did you find any finger prints that
were similar?

(b) Explain whether the observed
variation are continous or
discontinous?

l'- ﬂfi ) - Exercise 2.5 .

1. Using relevant examples explain the
causes of variation among organisms.

2. How does independent assortment
and crossing over leads to variation
among organisms?

3. With examples, differentiate between
continuous and discontinuous
variations.
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4. Explain the ways in the which genetic
and environmental factors contribute
to variations among organismes.

5. What is the importance of genetic
variations in population?

Genetic disorders

A genetic disorder 1s a condition that occurs
as a result of mutation. Some disorders can
be inherited and passed from parents to
offspring, while others are acquired due to
changes 1n an individual’s DNA that occur
during their lifetime. Radiations and certain
cancer-causing chemicals are examples of
factors causing induced mutation. They are
therefore referred to as mutagenic agents.

Some genetic disorders are fatal or can

cause severe health problems, while others

are not so harmful. These disorders may

range from a defect in a single base mutation

in the DNA of one gene to chromosomal

abnormalities that involve deletion or

addition of entire chromosomes or sets of

chromosomes. There are four main classes

of genetic diseases or disorders. These are:

(a) Mendelian or single-gene inheritance
disorders.

(b) Chromosomal abnormalities or
disorders.

(c) Multifactorial genetic inheritance
disorders.

(d) Mitochondrial genetic inheritance
disorders.

At this level of schooling, the focus will be

on Mendelian or single gene inheritance

disorder and chromosomal disorders.
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(a) Mendelian Disorders

Mendelian disorders are genetic disorders
that are caused by mutations in one gene
which follows Mendelian patterns of
inheritance. They are thus called monogenic
disorders or single-gene inheritance
diseases. The genetic locus at which the
mutation takes place may be at the sex
chromosomes or 1n the autosomes. These
disorders can either be autosomal dominant,
autosomal recessive, sex-linked dominant,
or sex-linked recessive.Contrary to sex
linked disorders, in the autosomal related
disorders both the females and males have
equal chance of being affected. Mendelian
disorders can be detected by family pedigree

analysis.

Mendelian autosomal recessive disorders
occur when the mutant gene 1s present in the
homozygous state. Examples of autosomal
recessive traits include albinism, cystic
fibrosis, sickle cell anaemia and Tay-Sachs
disease. On the other hand, Mendelian
autosomal dominant disorders are caused
by a dominant allele and occur when an
individual carry one or both dominant allele
on autosomes. Examples of autosomal
dominant Mendelian disorders include
Achondroplasia, Huntington disease and
Marfan syndrome. Inheritance of sex linked
disorders also follows patterns of Mendelian
principles and their expression can be in
recessive or dominant forms. Examples
of sex-linked recessive traits includes
haemophilia, tongue rolling, sickle cell
anaemia and red-green colour blindness.
Sex linked dominant disorders are very rare
and occurs in female only because of having
X sex chromosomes. An example of sex
linked dominant 1s Rett syndrome. A genetic
condition affecting brain development 1n
girls.

The Mendelian sex linked disorder was
discussed in the previous sections. In
this section only the autosomal Mendel
disorders will be discussed.

Albinism

Albinism is a genetic disorder caused by
defects in one of the several genes that codes
for production or distribution of melanin.
In animals, albinism 1s characterised by the
partial or complete lack of pigment in eyes,
hairs, fur, feathers, skin, scales or cuticle.
The organism with this type of condition
1s referred to as albino. In plants, albinism
1s usually caused by the partial or complete
loss of chlorophyll. People with albinism are
sensitive to the effect of the sun due to lack
of skin pigments. This makes an individual
more susceptible to sunburn and even risk
of developing skin cancer. Melanin also
plays a role in the development of optic
nerves, therefore individuals with albinism
may have vision problem. Although there
is no cure for albinism, people with this
disorder can take some measures to protect

their skin and maximise their vision ability.

Since albinism 1s caused by a recessive
allele, to express the trait an individual
must inherit two copies of the alleles from

parents.

Example 2.10

[f an albino man