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Chapter 1: The nature and variety of living organisms 
A. Characteristics of living organisms 

[1.1]   The characteristics all living organisms share: 

a. They require nutrition- This is taking in of nutrients that will promote growth and 
give the fuel for the production of energy. 

b. They respire- Taking in of Oxygen and breathing out of CO2 is known as respiration. 
Oxygen is needed for cellular respiration that produces energy for the cell. 

c. They excrete their waste- this is known excretion, where waste products like urine 
or faeces are removed from the body.  

d. They respond to their surroundings- this is known and sensitivity, which is the ability 
to detect stimuli from the environment. 

e. They move- movement. 
f. They control their internal conditions- homeostasis is a process that controls the 

internal conditions of a cell. 
g. They reproduce- to increase the number of that particular organism, even if the 

organism is genetically identical or non- identical to the parents. 
h. They grow and develop- increase in the size and mass of the organism is known as 

growth. Development is the increase in complexity. 

 

B. Variety of living organisms 
[1.2]   Eukaryotes are the organisms that contain cells with compartmentalisation. They contain membrane 
bound organelles like the membrane bounded cell nucleus. Prokaryotes are organisms that lack 
compartmentalisation so they do not have membrane bounded organelles, for example they don’t have 
membrane bounded nucleus instead they have a single circular piece of DNA. 

 Unicellular- unicellular are organisms with only one cell. 
 Multicellular- organisms that contain many cells. 

 
 Animals  

a. Multicellular  
b. They contain a membrane bounded nucleus.  
c. A typical animal cell has a cell membrane, cytoplasm and cell nucleus. 
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d. They feed on other organisms for nutrients. 
e. They store carbohydrate as glycogen. 
f. Examples: humans, dogs, frogs, snakes 

 
 
 
 
 
 
 
 
 

 Plants  
a. Multicellular 
b. A typical plant cell contains a cell wall, cell membrane, cell nucleus, 

cell vacuole, cytoplasm, chloroplast. 
c. They have a cell wall made out of cellulose. 
d. They gain nutrients by the process photosynthesis. 
e. They store carbohydrates as starch or sucrose. 
f. Examples: grass, oak tree, coconut tree. 

 
 
 
 
 
 
 
 
 
 
 

 Fungi  
a. Some are multicellular cell like the fungus with a mycelium of thread 

like structure called hyphae and it has a cell nucleus. Yet, some fungi 
like the yeast are single celled organisms. 
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b. They feed by saprotrophic, which means they excrete extracellular 
enzyme onto a dead or decaying material and digestion occurs outside 
the body. The digested nutrients are absorbed back into the fungi. 
Some fungi also live like parasites, which means they live on live 
materials. 

c. They have a cell wall made of chitin.  
d. They store carbohydrates as glycogen. 
e. Examples are like yeast, mushrooms  

 
 
 
 
 
 
 
 

 
 

 Protoctists  
a. Most of them are multicellular. 
b. They all have a nucleus. 
c. There are wo types of protoctists: the animal like and the plant like. 
d. The plant like protoctists has a cell wall and they do photosynthesis.  
e. Whereas the animal like protoctists feed on other organics matter. 
f. Examples animal like Amoeba and plant like Chlorella  
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[1.3]   Bacteria have these features: 

a. They are known as prokaryotes. 
b. They do not have membrane bounded organelles or membrane bounded nucleus. 
c. A typical bacterial cell has a cell wall made out of peptidoglycan, a cell membrane, 

circular DNA, plasmid and cytoplasm. 
d. Some bacteria carry out photosynthesis but majority if the bacteria feed off of 

other organisms. 
e. Examples are Lactobacillus, pneumococcus. 

 
 
 
 
 
 

 

 

 

[1.4] 

a. A virus is much smaller than a bacterium. 
b. They are not considered as living organisms because they don’t 

carry out all the life process, they only carry out reproduction. 
c. They are parasitic, which means they reproduce inside host cell. 
d. They have the ability to 

infect any type of living 
cell 

e. They contain the genetic 
material either as DNA or 
RNA. 

f. The capsid is the protein 
that protects the genetic material of a virus. 
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Chapter 2: Structure and functions in living organisms  
A. Level of Organisation  

[2.1]   The level of organisation is in this order. 

 Organelles- these are the cell structure which each have a specific function 
(example: mitochondria, ribosomes) 

 Cells- this is the basic unit of all living organisms. 
 Tissues- group of similar cells or different cells joined together to carry out a 

similar function. 
 Organs- group of similar or different tissues joined together to perform a specific 

function. 
 Organ systems- group of organs working together to carry out a body function. 

 

 
 
 
 

 

B. Cell structure  
[2.2]    

I. Nucleus- this is an organelle which is surround by a nuclear double membrane 
and it is separated from the cytoplasm.  

II. Cytoplasm- this is the jelly like substance that contains all other cell 
organelles. 

III. Cell membrane- this surrounds a cell. 
IV. Cell wall- in plants, the cell wall is made out of cellulose. The cell wall is 

found out the cell membrane. 
V. Mitochondria- this is an organelle in the cytoplasm. 
VI. Chloroplasts – this is an organelle, which is filled with the pigment called 

chlorophyll. This is also found in the cytoplasm. 
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VII. Ribosomes- ribosome is made out of two sub units. One sub unit is small sub 
unit and the other is large sub unit. They are found free in the cytoplasm. 

VIII. Vacuole- cell vacuole takes up a big part of the plant cell as they are large 
vesicles. 

[2.3] 

 Nucleus- Cell nucleus is the organelle of the cell that contains all the genetic 
material of the cell. This material is organised as DNA molecules.  

 Cytoplasm- Cytoplasm is a liquid that fills up the cell and this provides a 
medium for chemical reactions to occur. 

 Cell membrane- Cell membrane of the cell is what controls substances in and 
out of the cell.  

 Cell wall- The main function of the cell wall is to give strength and support to 
the plant cell. It is made out of cellulose. 

 Mitochondria- This is powerhouse of the cell. Mitochondria is where most of 
the chemical energy is generated to power the cell’s biochemical reaction. 

 Chloroplasts- They are known as the site of photosynthesis. They contain 
chlorophyll, which is a green pigment, responsible to trap energy from 
sunlight and conduct the process of photosynthesis. They also contain 
thylakoids [folded inner membrane of a chloroplast], granum [the stacks of 
thylakoids embedded in the stroma of a chloroplast] and stroma [the matrix 
of a chloroplast]. 

 Ribosomes- 
Ribosomes are minute particles 
consisting of RNA and 
associated proteins 
that function to synthesize 
proteins. 
 Vacuole- Vacuole is filled 
with a cell sap that helps to 
maintain the osmotic gradient. 
Their other functions are to 
maintain cell shape and they are 
the storage of a number of 
different substances such as 
pigments and proteins.  
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[2.4] 

Plant cell Animal cell 
A fixed square shape  No fixed shape  
Contain cell wall, chloroplasts and cell 
vacuole. 

Do not contain cell wall, chloroplasts and 
cell vacuole. 

 

[2.5B]   Cell differentiation is a process in which a cell changes form one type to another cell type. The 
cell changes into a more specialised cell type. Specialised cells usually are developed to have certain 
characteristics to perform a particular function. (for example: ciliated cell, red blood cell, nerve cell, egg 
cell or sperm cell) 

 [2.6B] 

 

 

 

 

 

 

 

C. Biological molecules  
[2.7] 

I. Carbohydrates   
 Carbon 
 Oxygen  
 Hydrogen  

II. Proteins  
 Carbon 
 Oxygen  
 Hydrogen  

Advantages Disadvantages 
Stem cells have the ability to differentiate 
into any cell type so they have the ability to 
repair damaged tissues. 

There are ethical issues as embryo can be 
affected. 

They can be used for embryonic treatment. Embryonic stem cells are collected before 
the birth and this can lead difficulties and 
challenges for the pregnancies. 

Organs can be made so there is no need of 
donors for organ transplants. 

Sometimes mutations will occur in stem 
cells. 

Bone marrow transplants are examples of 
an adult stem cell transplant so they can be 
used to cure diseases like leukaemia. 

There are difficulties in finding suitable 
stem cell donors. 
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 Nitrogen  
 Sometimes sulphur  

III. Lipids 
 Carbon 
 Oxygen  
 Hydrogen  

[2.8]   The basic molecules of carbohydrates are glucose, protein is amino acid and lipids is glycerol and 
fatty acids. 

I. Carbohydrates  
 Simple sugars are the basic unit of carbohydrates. 
 Monosaccharide a single sugar monomer. Monosaccharides are 

simple sugars in which there is one oxygen atom and two 
hydrogen atoms for each carbon atom in the molecule. 

 Disaccharide a sugar made up of two monosaccharide units 
joined by a glycosidic bond, formed in a condensation reaction. 
Disaccharides consist of two monosaccharides joined together. 
for example, sucrose (table sugar) is formed by a molecule of 
α-glucose joining with a molecule of fructose. 

 Polysaccharide a polymer consisting of long chains of 
monosaccharide units joined by glycosidic bonds. 

 
II. Proteins  

 The basic unit of protein is amino acid. 
 There are 20 different amino acids. 
 Usually all amino acids have the same structure but only the 

‘R’ group changes and this is what makes each amino acid 
different with each other. 

 Amino acids are joined together peptide bonds.  
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III. Lipids 
 Basic unit of lipids are 1 glycerol and 3 
fatty acids. 
 Most lipids in the body are made up of 
triglycerides. 
 Lipids exists as fats (which are solids at 
room temperature) and oils (liquids at room 
temperature) 
 
 
 
 
 

[2.9]    

a. Test for glucose 
 Add Benedict’s solution and heat the solution to 
90°C. 
 If glucose is present, the blue solution turns 
brick red.  
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b. Tests for starch 
 Add drops of iodine solution 
 The positive result is that colour changes from brown to blue- 

black. 

 
c. Tests for Protein 

 Add few drops of Biuret  
 If protein is present, there is a colour change from blue to 

purple. 

 

 

 

 

 
d. Tests for Lipid 

 Initially add ethanol and shake the solution. 
 Equal volume of cold water is added. 
 The positive result if lipid is present is that a cloudy emulsion 

is formed. 
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[2.10]   Enzymes are biological catalyst, which is used to speed up the rate of chemical reactions that take 
place in the cells. Enzyme is a globular protein. They are used to speed up the rate of chemical reactions 
that take place in the cells. 

 

 

 

 

 

 

[2.11]   When temperature increase, enzymes gains more kinetic energy and this cause more enzyme- 
substrate complexes to form. This means the rate of enzyme activity increases, this happens until optimum 
temperature. After optimum temperature, the active site of enzyme changes and this does not allow the 
enzyme- substrate complex to form, therefore the rat e of enzyme activity decreases. This is known as 
denaturation and denaturation is an irreversible change. Usually the optimum temperature of a human 
enzyme is 37°C. At lower temperatures, enzymes don’t get enough kinetic energy so the rate of enzyme 
activity is low. 

 
 
 
 
 
 
 
 

 

[2.12]   The practical to investigate the enzyme activity affected by changes in temperature. 

a. Starch solution is used at this is heated at a set temperature. 
b. Iodine is added to the wells of a spotting tile. 
c. The starch solution is mixed with the enzyme amylase. 
d. Every minute, droplets of this mixed solution and iodine is added together. 
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e. This will continue until the iodine stops turning into blue black colour. (this 
indicates that are there are no more starch solution). 

f. The time taken for the solution to stop turning blue black, which means when the 
reaction has stopped, is measured.  

g. The exact experiment is repeated with different temperatures, 
 
 
 
 
 
 
 

 
 

 

[2.13]   Enzymes are made out of amino acids as enzymes are proteins. If the pH is too low or too high, 
the amino acid chain bonds are affected and this can affect the protein, which means the enzyme. This will 
cause the active site of the enzyme to change and the substrate won’t be able to fit into the enzyme to 
form the enzyme- substrate complex so the level of enzyme activity decreases. This will cause 
denaturation of enzymes. Usually, the optimum pH of enzymes is 7. 

 
 
 
 
 
 
 
 

 

[2.14B]   The practical to investigate the enzyme activity affected by changes in pH. 

a. Single drops of iodine solution are placed in wells of the tiles. 
b. The test tube with the pH to be tested is labelled. 
c. Place 2cm3 of amylase into a test tube using a syringe. 
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d. Then add a buffer solution to the test tube using a syringe. 
e. Take another test tube and add 2cm3 of starch solution to the amylase and buffer 

solution. Start a timer whilst mixing using a pipette. 
f. After 10 seconds, place a drop of the mixture with the first drop of iodine, which 

causes the solution to turn blue- black. 
g. Wait for another 10 seconds and place another drops of the mixture along with a 

drop of iodine.  
h. Repeat every 10 seconds until the iodine solution remains brown. 
i. Repeat the exact experiment with different pH values. 

 

D. Movement of substances into and out of cells 
[2.15] 

 Osmosis- This is the net movement of water molecules from a high concentrated area to a 
low concentrated area through a partially permeable membrane through a partially permeable 
membrane. This process also does not require energy. 

 Diffusion- This is the passive movement of molecules from a high concentration area to a 
low concentration area down a concentration gradient, through a partially permeable 
membrane. 

 Active transport- This is an active movement of molecules form a low concentrated area to a 
high concentrated area against a concentration gradient. Energy is gained from the 
hydrolysis of ATP. 

[2.16]   Factors that affect substances moving into and out of cells: 

a. Temperature  
When temperature increases, the energy gained by particles are high so the movement of 
the molecules will increase. This is increases the rate of diffusion. Lower temperatures 
decrease the energy of the molecules, thus decreasing the rate of diffusion. 

b. Diffusion distance  
The greater the distance that a substance must travel, the slower the rate of diffusion. This 
places an upper limitation on cell size. A large, spherical cell will die because nutrients or 
waste cannot reach or leave the centre of the cell. Therefore, cells must either be small in 
size, as in the case of many prokaryotes, or be flattened, as with many single-celled 
eukaryotes. 
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c. Membrane surface area 
Larger the surface area, the faster the rate of diffusion. 

d. Extent of the concentration gradient  
The greater the difference in concentration, the more rapid the diffusion. The closer the 
distribution of the material gets to equilibrium, the slower the rate of diffusion becomes. 

e. Mass of molecules diffusing 
Lighter molecules can easily travel so rate of diffusion is high. Whereas, heavier molecules 
will move more slowly as due to the mass if high. This will make molecules diffuse more 
slowly. 

f. Solvent density  
As the density of a solvent increases, the rate of diffusion decreases. The molecules slow 
down because they have a more difficult time getting through the denser medium. If the 
medium is less dense, diffusion increases. 

g. Solubility  
Nonpolar or lipid-soluble materials pass through plasma membranes more easily than polar 
materials, allowing a faster rate of diffusion. 

[2.17] 

a. Diffusion using non- living system 
This is seen by putting a crystal of Potassium 
permanganate into water. The permanganate 
particles will diffuse with the water particles as 
the particles move from a high concentrated 
area to a low concentrated area.  

 
b. Diffusion is living systems 

This is mainly seen in the alveoli 
present in the ventilation 
system. The alveoli are one cell 
wall thickness and is close to a capillary. The deoxygenated blood 
form the body comes near the alveoli and the CO2 is diffused into the 
alveoli. Whereas the oxygen from air comes into the alveoli and the 
O2 is diffused into the capillary.  
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c. Osmosis in non-living organisms 

A visking tubing bag is partially permeable and this is filled with sucrose solution. 
Then the bag is placed into a beaker of water.  

A capillary tube is placed in the bag and then the level of liquid in the tube is 
observed. 

Initally, the concentration of water particles is higher outside (in the beaker of 
water) than inside the visking tubing bag 

Water molecules will move through the partially permeable membrane of the visking 
tubing down the water potential gradient. 

After some time, the level of the liquid in the capillary tube will rise as more water 
molecules move into the bag due to the process known as osmosis. 

 
 
 
 
 

 

 

E. Nutrition  
[2.18]   Photosynthesis is the process, plant conduct so they can make their own food. Carbon dioxide and 
water are absorbed by plants and it is converted into oxygen and glucose, with the help of light and 
chlorophyll.  
[2.19] 
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[2.20]   When CO2 concentration increases, the rate of photosynthesis increases. This will continue until 
some other factor needed for photosynthesis prevents the rate from 
increasing further. 

 
 

When light intensity increases, the rate of photosynthesis increases. 
This will continue until some other factor needed for photosynthesis 
prevents the rate from increasing further. 

 
 
 

As temperature increases, the rate of 
photosynthesis increases. This is because the 
process photosynthesis is controlled by enzymes. 

 
 
 

 
 
 
 

 

[2.21], [2.42B] 

o Spongy mesophyll layer- they have lot of air spaces to allow gases to diffuse into and out of 
the cell in a faster rate. This is because the air spaces increase the surface are to volume 
ratio. 

o Guard cell- this is a cell that is shaped like a bean and it open and closes the stomata by 
absorbing or losing water. When lot of water is available, the cells tend to be filled and it 
causes the stomata to open. 

o Stomata- this is where gas exchange and loss of water by transpiration occurs. 
Transpiration is the process of water movement through a plant and its evaporation from 
aerial parts, such as leaves, stems and flowers. These stomata open during the day and 
closes at night. 
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o Thin- this causes a short distance for diffusion so the rate of diffusion is high. 
o Flattened shape- this increases the surface area for absorption of light and carbon dioxide. 

 

 

 

 

 

 

 

 

 

 

[2.22]    

o Magnesium ions are essential to produce the green pigment chlorophyll. Magnesium is also 
needed for the activation of some plant enzymes and the synthesis of nucleic acids. Lack of 
magnesium will call yellow areas develop on the older leaves and growth will slow down. 

o Nitrogen ions are used mainly for the production of amino acids, proteins. Nitrates are 
needed for the production of DNA and many hormones. Lack of nitrogen will cause older 
leaves turn yellow and die and growth is stunted. 

o Calcium (Ca) plays an extremely important role in producing plant tissues and it 
enables plants to grow better. Calcium is responsible for holding together the cell walls 
of plants. It is also crucial in activating certain enzymes and to send signals that coordinate 
certain cellular activities. Lack of Calcium ions will cause young leaves to be yellow and 
crinkly. 

o Plants require potassium ions for protein synthesis and for the opening and closing of 
stomata, which is regulated by proton pumps to make surrounding guard cells either turgid 
or flaccid. A deficiency of potassium ions can impair a plant's ability to maintain these 
processes. 

 

[2.23]   This is how the method goes: 
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o Take a pondweed and gently rub the leaves to remove any existing bubbles. 
o Put the pondweed into a beaker filled with 100cm3 of water.  
o Cover one side of the beaker with an aluminium foil to block the light from all directions and 

to allow light from only one direction. 
o Add 5cm3 of Sodium hydrogencarbonate to the water to provide the CO2. 
o set a light filter to the side of the lamp getting the light so only one wavelength is used. 
o Leave the pond weed for exactly 5 minutes. 
o Set up a light lamp with the same light intensity and set the lamp in the distances of 10cm, 

20cm, 30cm, 40cm and 50cm. 
o Set up the photosythometer and leave for 5 minutes. 
o Record the volume of gas produced every 5 minutes until 20 minutes. 
o Repeat the experiment for 3 trials to get the mean volume of gas for each distance of light 

lamp. 
This above experiment is used to measure at different light intensity. The same experiment 
is conducted for others and the exact experiment is conduct but ONLY the independent 
variable is different: 

I. Temperature- use a water bath with a thermometer to measure the 
temperature regularly. Have water bath of temperatures of 0°C, 10°C, 20°C, 
30°C, 40°C and 50°C. 

II. Light wavelength- use different light filters to get different wavelengths. 
III. Availability of CO2- put different volume of Sodium hydrogencarbonate. Put 

volumes of 0cm3, 5cm3, 10cm3, 15cm3, 20cm3. 
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[2.24]   A balanced diet is a diet containing all nutrients carbohydrates, lipids, proteins, vitamins, 
minerals, water and fibre, all in right amounts. 

[2.25]   The sources of these nutrition: 

 Carbohydrate- bread, cereal, pasta, rice 
 Protein- lean meat, chicken, eggs 
 Lipid- butter, oil 
 Vitamins A- cheese, oily fish 
 Vitamin C- citrus fruits like oranges,  
 Vitamin D- egg yolks, liver 
 Mineral ions0 fruits and vegetables  
 Water- juices, water  
 Dietary fibre- vegetables or whole grains  

The function of each nutrition: 

 Carbohydrate- source of energy  
 Protein- need for growth and repair 
 Lipid- provides insulation and also another source of energy 
 Vitamins A- protect eyes from night blindness and supports a 

healthy immune system. 
 Vitamin C- formation of collagen and absorption of iron. 
 Vitamin D- helps to regulate the amount of calcium and 

phosphate in the body. Needed to keep bones, teeth and 
muscles healthy. 

 Mineral ions- helps the body to grow, develop and stay healthy. 
(calcium us needed for string teeth and bones and it is 
involved in blood clotting too and iron is needed to make 
haemoglobin) 

 Water- acts as a medium for chemical reactions to take place. 
 Dietary fibre- normalises bowel movement. 

 

[2.26] 

o Age- the energy requirements increase as the baby approaches adulthood, but energy 
requirements decrease as adults start to age. 
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o Activity levels- the more active a person is, the more the person needs energy for 
movement. 

o Pregnancy- the energy requirement increase as the foetus starts to grow and develop. 
Energy needs also increase if the baby has extra mass. 

[2.27] 

Part of the human digestive system Function 
Mouth Mechanical digestion takes place in the mouth. Mechanical 

digestion is the breaking down of the large pieces of food 
into smaller pieces. This is known as the food bolus. 
There is one chemical digestion that takes place in the 
mouth, which is that enzyme amylase breaks down the 
starch into glucose. 
Saliva is also produce using salivary glands and this 
lubricates the food bolus it can travel easily through the 
gullet. 

Oesophagus/ gullet This is the tube that connects from the mouth to the 
stomach.  
Food bolus moves down the oesophagus due to a 
movement called peristalsis. This is a contraction of two 
sets of muscles in the walls of the gut and this causes the 
food bolus to move through the oesophagus. 

Stomach  The stomach lining releases gastric juice, if the food bolus 
is detected in the stomach. The gastric juice contains the 
enzyme pepsin and hydrochloric acid.  
Pepsin is an enzyme that chemically digests proteins. 
Whereas, hydrochloric acid makes stomach acidic as the 
optimum pH of pepsin is very low and also acid kills 
bacteria.  

Small intestine  The small intestine contains two parts known as: 
duodenum and ileum.  
The first part of the small intestine is the duodenum. In 
this place, carbohydrates, proteins and lipids are 
chemically digested here. 
Bile is released into the duodenum and bile is produced in 
the liver but it is stored in the gall bladder. The main 
roles of bile are that it neutralises the acidic food that 
comes out of the stomach as the enzymes in the small 
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intestine have an optimum pH that is alkaline. The large 
drops of fats are emulsifying into smaller one. This 
creates a large surface area and it is easy for the lipase 
to chemically break down the lipid into glycerol and fatty 
acids. The movement of peristalsis occurs here. 
In the ileum, it is lined with ciliated cells which have villi. 
The maximise the absorption of digested soluble molecules 
into the blood. The villi have a thin lining with a large 
network of capillaries and have a large surface area. 

Large intestine  Here water is absorbed. 
Production of faeces occurs here. 
Faeces is stored in the rectum and removed though the 
anus. 

Pancreas Pancreases produces the carbohydrase, protease and 
lipase enzymes. It secretes the enzymes into the stomach 
and small intestine. 

 

[2.28]   The contraction of two sets of muscles in the walls of the gut, known as peristalsis, causes the 
movement of food through the gut. The wave like contractions creates a squeezing action that pushes the 
food bolus through the gut. 

 
 
 
 
 

 

[2.29] 

 Enzyme  Products  
Carbohydrates  Amylase  

Maltase  
Starch to maltose  
Maltose to glucose  

Proteins Proteases  Proteins to amino 
acids 

Lipids Lipases  Lipids to glycerol and 
3 fatty acids 
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[2.30]   Bile is a substance produced by the liver but it is stored in the gall bladder 

[2.31]   Main role of bile is: 

o The main roles of bile are that it neutralises the acidic food that comes out of the stomach 
as the enzymes in the small intestine have an optimum pH that is alkaline. 

o The large drops of fats are emulsifying into smaller one. This creates a large surface area 
and it is easy for the lipase to chemically break down the lipid into glycerol and fatty acids. 

[2.32] 

o Majority of the absorption takes place in the ileum. 
o The ileum is very long and highly folded with many villi (finger like projections) and this 

increases the surface area of the ileum to maximise the adsorption and make it quick. 
o Microvilli on the surface of the villus increases the surface area further and this causes 

faster absorption of nutrients.  
o The wall of the villus is one cell thick so the absorption distance is small and short. 
o There is a good supply of capillaries that transports the absorbed glucose and amino acids 

away from the small intestine.  
o The lacteal is found in the centre of the villus that transport the fatty acids and glycerol 

away from the small intestine. 
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[2.33B]   The practical to investigate the energy content in a food sample: 

o Pour a set volume of water into a boiling tube. 
o Record the starting temperature of the water. 
o Then record the mass of the food sample 
o Light the food sample and put it underneath the boiling tube so the water is getting heated. 
o Hold the food sample until the flame burns out.  
o Record the final temperature of water. 
o The following equation is used to work out the energy content of the food sample per gram 

 

 
 
 
 
 
 
 
 
 
 

 

 

F. Respiration  
[2.34]   Cellular respiration Is a process for which food is broken down to yield ATP. Respiration is a 
process where ATP is released into living cells of every organism. Energy is essentials for muscle 
contraction, cell division, growth and repair and many more. 

[2.35] 
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[2.36] 

Aerobic respiration Anaerobic respiration 
Oxygen is needed Oxygen is not needed 
  
Complete glucose breakdown  Incomplete glucose breakdown  
The final products are CO2 and water The final products are lactic acid in animals. 

CO2 and ethanol in plants or yeasts. 
A lot of energy is released  Little energy is released 

 

[2.37], [2.38]   Aerobic respiration  

 

 

  

Anaerobic respiration  

 In humans   
 
 
 
 
 

 In plant or yeast  
 
 
 
 

 

[2.39] 

Investigating the evolution of carbon dioxide in respiring organisms. 
o Set up the apparatus shown below. 
o All the tubes are supposed to be according to the order shown in the diagram.  
o In the final flask, the flask is connected by a tube to the air as an exist pipe. 
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o As the air enters the first flask, the carbon dioxide in the air will be absorbed by the NaOH 
and this causes the hydrogen carbonate to turn red (due to the low carbon dioxide levels) 

o The flask with the organisms will respire aerobically and this produces CO2. And this causes 
the hydrogen carbonate to turn yellow (due to the high levels of carbon dioxide). 

o This proves that when living organisms respire, they produce CO2. 
a. Investigating the evolution of carbon dioxide in respiring organisms. 

o Take two thermos flasks. Into one flask, you can put same species of germinated seeds and 
into the other flask, put boiled seeds as a control test.  

o Wrap the thermometers near the lid of the flasks with cotton wool to avoid loss of heat. 
o Initial temperature is recorded. 
o The seeds are left for days and the final temperature is recorded.  

 
 
 
 
 
 
 

 

G. Gas exchange  
[2.40B], [2.41B]   Flowering plants do both respiration and photosynthesis. Therefore, oxygen and 
carbon dioxide gases should diffuse into and out of the leaves through the stomata. Diffusion is the net 
movement of particles from a high concentrated area to a low concentrated area down a concentration 
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gradient. During respiration, oxygen is diffused into the plant leave so aerobic respiration can occur and 
carbon dioxide is diffused out as a waste product. Whereas, during photosynthesis carbon dioxide is 
diffused in to the plant and oxygen is diffused out of the leave as a waste product. 
[2.43B]    

o The location of stomata is 
usually at the lower 
epidermis of the leaves.  

o They are surrounded by 
pair of guard cell. 

o The guard cells control the 
opening and closing of the 
stomata depending on how 
turgid of flaccid they are. 

 

 

[2.44B]   The net exchange of carbon dioxide and oxygen depends on the intensity of light. 
Photosynthesis usually doesn’t have at night due to the absence of light. Due to that the net release of CO2 
and net uptake of oxygen takes place. This means respiration. Yet, respiration is not affected by the light 
so it occurs anytime. When there is enough light, the net release of O2 and net uptake of CO2 takes place. 
Usually, during the day, the rate of photosynthesis is greater than rate of respiration. 

[2.45B] 

o Hydrogen carbonate indicator is used to show the carbon dioxide concentration.  
o Set up the apparatus as shown below. 
o  The plant should be added into the beaker with hydrogencarbonate indicator. 
o Then allow the plant to adjust and adapt to the light intensity for like about 3 minutes.  
o Record the colour of the indicator after a set period of light like every 10 minutes. 

o Then alter the 
distance of the lamp to 
get different light 
intensities. 

Colour Carbon dioxide concentration  
Yellow High levels 
Red Atmospheric level  
Purple Lowest  
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[2.46] 

o Ribs- this is a bone that surrounds the lungs and protects the internal organs  
o Intercostal muscles- these are muscles are found between the ribs that control inhalation 

and exhalation. 
o Diaphragm- the muscular dome is located at the bottom of the thorax. This changes with 

pressure in order to control inhalation and exhalation. 
o Trachea- this is also known as a windpipe. This is where air enters the thorax and flows to 

the lungs. 
o Bronchi- the trachea divides into 2 bronchi which leads one to each lung. 
o Bronchioles- the 

bronchi further 
divides into 
smaller tubes 
that connect to 
the alveoli. 

o Alveoli- these 
are tiny sacs at 
the end of 
bronchioles 
branches where 
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gas exchange occurs. 
o Pleural membrane- this is found on the outside of the lungs and inside the chest cavity to 

lubricate the lungs. This reduces friction when breathing.  

[2.47] 

Inhalation Exhalation 
External intercostal muscles 
contract 

External intercostal muscles relax  

Internal intercostal muscles relax Internal intercostal muscles contract 
Ribcage move out and up Ribcage move in and down 
Diaphragm contract and flattens  Diaphragm relax and becomes dome- 

shape 
Volume of the thorax increases Volume of the thorax decreases 
Pressure inside the thorax 
decreases 

Pressure inside the thorax increases  

Air is drawn in to the lungs  Air is drawn out of the lungs 
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[2.48]   Adaptation of alveoli: 

o There is a large surface area to allow faster rate if diffusion of gases. 
o Thin walls (one cell wall thickness) that causes small diffusion distance so the rate of 

diffusion increases. 
o Moist surface so the gases can dissolve and increase rate of diffusion. 
o There is a good blood supply which means this maintains a high concentration gradient so the 

rate of diffusion increases. 
o They are permeable to gases so gases can easily diffuse into and out. 

 

 

 

 

 

 

 

 

 

 

 

[2.49]   Smoking causes many risks for a human. Chemicals in cigarette are tar (a carcinogen that causes 
cancer), nicotine (an addictive substance which also narrows blood vessels) and carbon monoxide (reduces 
the oxygen carrying capacity of the blood). 

o Effect of smoking on air passages- this destroys the cilia present in the trachea. When the 
cilia are damaged, the dust and bacteria trapped in the mucus won’t be swept out of the 
trachea. Due to this, the bacteria and dust will remain in the air passage and this will cause 
air infections. 

o Effect of smoking on alveoli- the tar breaks down the wall of the alveoli and this causes 
them to merge. Due to this, insufficient surface area to volume ratio and this allows less gas 
exchange. This reduces the efficiency of gas exchange and this cause the disease 
EMPHYSEMA, where less oxygen is carried in the blood. 



  

32 
 

We, Owls, would love to serve you, Owlets, with 
the best resources for EDEXCEL IGCSE and IAL. 

o Effect of smoking on lung cancer- tobacco smoke contains many carcinogens. Smoking 
increases the risk of lung cancer. 

o Effect of smoking on circulatory system- nicotine causes the blood vessels to be narrow and 
increases the blood pressure. The narrow blood vessel is likely to get clogs with fat like 
cholesterol and this causes coronary heart disease. This doesn’t allow heart muscle cells to 
get sufficient oxygen so less aerobic respiration occurs and anaerobic respiration occurs 
more. The anaerobic respiration produces lactic acid so they cannot be removed due to the 
lack of blood supply.  

o The pH of muscle cells decreases and this causes the enzymes to denature and eventually 
the heart muscle cells will die. This can cause a heart attack. CO binds irreversibly to 
haemoglobin and this reduces the capacity of the blood to carry oxygen. This puts more 
strain on the circulatory system and also increases the risk of coronary heart disease and 
strokes. 

 

[2.50]   Investigate the release of carbon dioxide when breathing out: 

o Add lime water into a boiling tube. 
o Using a straw, blow in air into the solution of lime water for a short period of time.  
o Limewater turns milky white (cloudy) when carbon dioxide is present. 

 
 
 
 
 
 
 
 
 

 

Investigating the effect of exercise on breathing: 

Exercises increases the frequency and depth of breathing. This can be investigated by measuring the 
number of breath per minute. Conduct different exercises like sitting down for 5 minutes, jog for 5 
minutes, skip for 5 minutes or run for 5 minutes. Immediately, after doing each exercise, count the 
number of breaths per minute. 
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H. Transport  
[2.51]   Simple unicellular organisms rely only on diffusion for movement of substances and this because 
they are small in size and they have a large 
surface area to volume ratio. This is why single 
celled organisms do not require a specialised 
transport system to supply the cells with 
nutrients and to remove the waste products. 

 

 

[2.52]   Multicellular organisms need a transport system. Multicellular organisms are made out of millions 
of cells and this means there’s much smaller surface area to volume ratio. Therefore, diffusion only is not 
enough to transport molecule around the organism. Many animals have a circulatory system that is made up 
of fluid. This system helps to transport molecules into different parts of the body. Plants also have a 
transport system, this consist of tubes called phloem, xylem which is involved in the movement of 
molecules. 

[2.53], [2.54]   Phloem is a living tissue known for translocation of organic solutes. Phloem is the 
vascular tissue in charge of transport and distribution of the organic nutrients. The phloem is also a 
pathway to signalling molecules and has a structural function in the plant body. Phloem carries the food 
prepared by the leaves to different parts of the plant. 
Xylem vessels are made out of dead cells. Xylem vessels forms hollow tubes if dead cells. The xylem 
transports water and soluble mineral nutrients from the roots throughout the plant. It is also used to 
replace water lost during transpiration and photosynthesis. 
 

[2.55B]   Water are absorbed by root hair cells by a 
method called osmosis. Usually, the root hair cells have 
a high concentration of mineral ion comparison to the 
outside and it results in the water being drawn into the 
root by osmosis. 
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[2.56B]   Transpiration is the process of water movement through a plant and its evaporation from aerial 
parts, such as leaves, stems and flowers. 

[2.57B]   Rate of transpiration is affected: 

o Humidity  
o Wind speed 
o Temperature  
o Light intensity  

[2.58B]   The practical to investigate the role of environmental factors in determining the rate of 
transpiration from a leafy shoot. 

o Helps in the 
transportation of 
mineral ions. 

o Provide water to 
keep the cell 
turgid, which 
supports the 
structure of the 
plant. 

o Provides the leaf 
with water for 
photosynthesis. 

o Keeps the leaves 
cool. 
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[2.59]   Blood consists of red blood cells, white blood cells, platelets and plasma. 

[2.60]   Plasma is a liquid that carries the component in the blood (for example: cells, platelets or 
hormones) Plasma is important for transport of molecules like CO2, digested food, urea and hormones. 

[2.61] Adaptation of the red blood cells: 

o Contains no nucleus- this gives more space inside the haemoglobin so more oxygen can be 
carried. 

o Small and flexible- this allows red blood cells to squeeze through narrow capillaries and 
blood vessels without getting stuck. 

o Biconcave- this is a flattened disc shape to increases the surface area to volume ratio for 
the most efficient rate of diffusion of oxygen. 

o It contains haemoglobin- large quantities of haemoglobin are found in red blood cells. This is 
a protein that combines with oxygen and that is how oxygen is transported in the red blood 
cells. 

[2.62] 

o White blood cell is part of the body’s immune system. 
o The immune system helps to fight against foreign particles, which are the pathogens.  
o There are two main types of white blood cell: lymphocytes and phagocytes. 
o Phagocytes will undergo phagocytosis. Phagocytosis is the engulfing of the pathogen by 

phagocytes. These pathogens are trapped in the phagocytic vessels, and lysosomes will 
release lysozymes in to digest the pathogen, destroying it. Phagocytes are easily recognised 
due to their multi- lobed nucleus and the ability to change shape. They are mainly involved in 
the non- specific immune response. 

o Lymphocytes are involved in the specific immune response. They produce antibodies that 
destroy the pathogens or they produce antitoxins that neutralise toxins in the pathogens. 
Once the antibodies bind to the pathogens, the pathogens will start to clump together and 
this will make it easy for the white blood cells to identify them. These lymphocytes make 
memory cells and if you encounter the same pathogen again, the response will be faster and 
greater than the 1st encounter.  
 

[2.63B]   Vaccination is making an individual immune to a certain disease. Vaccination is used for herd 
immunity. Vaccines contain either dead or inactive form a pathogen. When a person is vaccinated, the 
immune system is stimulating the immune response. Due to this, white blood cells form memory cells for 
that particular cells. If the person is encountered with the pathogen with the same antigen, the body 
responses faster and with a greater effect.  
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[2.64B]   Blood clotting, or coagulation, is an important process that prevents excessive bleeding when 
a blood vessel is injured. Platelets (a type of blood cell) and proteins in your plasma (the liquid part 
of blood) work together to stop the bleeding by forming a clot over the injury. 

The blood clotting process is a very complex sequence of events in which there are many different clotting 
factors. Vitamin K is important in the production of many of the compounds needed for the blood to clot, 
including prothrombin. Here is a simple version of the events in the blood clotting process.  

[1] Thromboplastin catalyses the conversion of a large soluble protein called prothrombin 
found in the plasma into another soluble protein, the enzyme called thrombin. Prothrombin is 
biologically inactive while thrombin is biologically active – prothrombin is a precursor of 
thrombin. This conversion happens on a large scale at the site of a wound. Calcium ions need 
to be present in the blood at the right concentration for this reaction to happen.  
[2] Thrombin acts on another soluble plasma protein called fibrinogen, converting it to an 
insoluble substance called fibrin. Again, fibrinogen is the biologically inactive precursor of 
biologically active fibrin. The fibrin forms a mesh of fibres to cover the wound. 
[3] More platelets and red blood cells pouring from the wound get trapped in the fibrin 
mesh. This forms a clot.  
[4] Special proteins in the structure of the platelets contract, making the clot tighter and 
tougher to form a scab that protects the skin and vessels underneath as they heal. 
In a sequence such as clot formation, a small event is amplified through a series of steps. 
However, sometimes the body’s clotting mechanism is started in the wrong place, and this 
can lead to serious problems in the blood vessels. A clot in the vessels that supply your 
heart muscle with blood can cause a heart attack and a clot in the brain can cause a stroke. 
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[2.65] 

o Mammals have a heart with four chambers and they have a double circulation. 
o In every one circuit, the blood passes through the heart twice. 
o The right side of the heart contain deoxygenated blood, whereas the right side of the heart 

contain oxygenated blood. 
o The ventricles have a thicker muscle because the ventricle need to push the blood either to 

the entire body or to the lungs. This blood is to generate a higher pressure. 
o The pathway of the blood is: 

 

o The main function of valves is to prevent the blood flowing backwards. 
o Atrioventricular valves separate the atria from the ventricles. 

o Right side of the heart has a valve known as tricuspid and the valve in the left side is called 
the bicuspid 

o These valves open when the atria contract but when the ventricles contract they are made 
to shut to prevent blood flowing back into the atria 

o The semilunar valves are found in the two blood arteries that come out of the top of the 
heart. They are not very common as they are the only two arteries in the body that contain 
valves 

o These valves open when the ventricles contract. Therefore, blood squeezes past through 
them out of the heart, and then shut close to avoid blood flowing back into the heart. 
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[2.66]   During exercises, the level of adrenaline releases increases. When the level of adrenaline 
increases, the heart rate and breathing rate increases. This is to increase the supply of oxygen, and 
nutrient going to the muscles, so more energy is made for muscle contraction.  

[2.67]    The main factors that increase the risk of developing coronary heart disease: 

 Poor diet  
 Stress 
 Lack of exercises 
 Obesity  
 Smoking  

[2.68] 

Arteries- Vessels that carry blood away from the 
heart. 

Veins- Vessels that carry blood towards the 
heart. 

Capillaries are vessels that spread throughout the 
tissues of the body. 
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[2.69]   
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I. Excretion  
[2.70]   Plants do not have an excretory organ like animals. The excretion of gases from the plants takes 
place through the stomata on the underside of the leaves. 

[2.71]   The excretory organs of a human are lungs, kidneys and skin. 

[2.72B], [2.73B], [2.74B], [2.75B], [2.76B], [2.77B], [2.78B], [2.79B] 

Kidney are a pair of dark reddish brown organs attached to the back of the abdominal cavity. They are 
capable of producing urine, which can be hypertonic to (more concentrated than) the body fluids. Their 
main roles are: 

 Control the water potential of the blood plasma that passes through them 
 Remove urea and substances that would affect the water balance. 

Osmoregulation is the control of the water content in the body. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 

The main parts of the Excretory system in humans: 

I. Kidneys- this is a bean shape organ. There are two of them in a human. 
II. Ureters- the tube connecting the kidney to the bladder. 
III. Bladder- the organ store urine as it is produced by the kidney 
IV. Urethra- tube that connected the bladder to the exterior and urine is 

released. 

Nephrons are microscopic tubules that make up most of the kidney (which can be 2- 4cm long). 
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The parts of the Bowman’s capsule: 

 Bowman’s capsule- this is where the filtrate is collected after being forced out of 
the glomerulus. This fluid enters the kidney tubules. 

 Glomerulus- the filters the blood by passing it with high pressure to produce a 
filtrate that enters the bowman’s capsule. 

 Convoluted tubules- the glomerular filtrate flows through and useful substance in the 
filtrate are reabsorbed back into the blood capillaries. 

 Loop of Henle- helps to maintain the water concentration in the body by filtering the 
salts. 

 Collecting duct- this reabsorbed the water back into the blood depending on the level 
of ADH in the blood. The rest is passed out as urine.  

Ultrafiltration occurs because of a combination of very high blood pressure in the glomerular capillaries and 
the structure of the Bowman’s capsule and glomerulus. High pressure squeezes the blood out through the 
pores in the capillary walls; this is like water passing along a hosepipe with hole in it. Size of the pores 
means that almost all the contents of plasma can pass out of the capillary. It is only the blood cells and 
large plasma proteins that cannot pass through the pores. 

The composition of the glomerular filtrate are water, urea, salts, and glucose. Protein and red blood cells 
are not in these filtrate. 

Water is reabsorbed into the blood from the collecting duct. This depends on the level of ADH hormone 
produces. The more ADH, the more water is absorbed into the body. 

The reason for selective reabsorption of glucose occur at the proximal convoluted tubule is to return most 
of what has been removed during ultrafiltration back into the blood. Water, salt and other inorganic ions 
are required by the body. Glucose is required for cellular respiration. 
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ADH is a hormones produced in the hypothalamus and stored in the posterior pituitary, that increases the 
permeability of the distal tubule and collecting duct of the kidney to water, reducing the amount of urine 
produced by increasing the concentration of urine. The more ADH is produced, the more water is absorbed 
into the body.  

The components that make up urine are: 

 Water- The excess water in the body. 
 Salts- excess salts 
 Urea- it is a toxic substance that is made during the deamination of amino acids. 

 

J. Co- ordination and response  
[2.80], [2.81], [2.82]   Organism respond to changes in the internal or external environment for 
survival. There are two types of responses: chemical and nervous. Homeostasis is maintained as a result of 
more negative feedback systems. 

The stimuli are detected by sense organs. These receptors detect the stimuli and it is send to the 
coordination centre which receives and processes information from the receptors around the body. The 
effector brings out the response. 

[2.83]   Plants respond to changes in the environment for survival. Stimuli like light water and gravity. 
[2.84]   Geotropism is a type of tropism that responds to gravity. Shoots show negative geotropism as 
they grow away from gravity. Whereas, roots show positive geotropism as they grow towards gravity. 
Phototropism is a type of tropism that responds to light. Shoots show positive phototropism as they grow 
towards light. Whereas, roots show negative phototropism as they grow away from light. 
[2.85]   The growth hormone called auxin controls the direction of the growth of roots or stems. 
[2.86] 
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[2.87]   The central nervous system consists of the brain and spinal cord and I tis linked to sense organs 
by nerves. 

[2.88]   The stimuli are detected by sense organs. These receptors detect the stimuli and it is send to 
the coordination centre which receives and processes information from the receptors around the body. The 
effector brings out the response. 
[2.89]   Neurones are cells specialised for rapid transmission of impulses throughout an organism. They 
carry impulses from receptor cells, giving information about both internal and external environments. 
Neurotransmitters are chemical messengers that pass through synapses. 

o Arrival of an impulse to the pre- synaptic membrane will trigger the release of chemical 
messenger called neurotransmitter.  

o They will diffuse across the synapse and bind with the receptors on the post synaptic 
membrane. 

o This stimulates the second neurone to generate an electrical impulse that travels along the 
second neurone. 

o The neurotransmitters are then destroyed to avoid further stimulation. 
o Synapses ensures that impulses travel only one direction. 

 

[2.90] 
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[2.91]   The eye is an organ that detects light. The parts of the eye are: 

 Cornea- a transparent lens that refracts the light as it enters the eye. 
 Iris- this controls the amount of light entering the pupil. 
 Lens- a transparent disc, which changes shape to focus light onto the retina. 
 Retina- contains the light receptor cells (rod detect light intensity, whereas cones 

detect colour) 
 Fovea- the area of the retina which has the highest amount of cones. 
 Optic nerve- the nerve that leads from the eye to the brain 
 Pupil- it is a hollow hole that allows light to enter the eye. 
 Ciliary muscle- ring 

od muscles that 
contract and 
relaxes to change 
the shape of the 
lens. 

 Sclera- tough white 
outer layer that 
protects the eye 
from damage. 

 Suspensory 
muscles- connect 
the ciliary muscle 
to the lens 

 

 

[2.92]   The eye in focusing on near objects: 

o Ciliary muscle contract 
o Suspensory ligaments slacken  
o Lens becomes wider 
o Light is refracted more 

The eye in focusing on far away objects: 

o Ciliary muscle relaxes 
o Suspensory ligaments stretch thin 
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o Lens becomes thinner 
o Light is refracted less 
 Radial muscle  Circular 

muscle 
Pupil size Amount of 

light 
entering. 

Darkness Contracted Relaxed  Wide More  
Bright light  relaxed Contracted Narrow  Less  

 

[2.93]   Vasodilation is the process by which the blood vessels become wider by relaxation of their muscle 
walls which increase blood flow. 

Rich supply of capillaries is near to the surface of skin. 
Cooling by radiation, convection and conduction to environment occurs from 
the blood flowing through the skin.  
Cooling is controlled via the arteriovenous shunt. 
External temperature rises, the shunt is closed and vasodilation occurs. 
Allows more blood to flow through the capillaries at the surface of the skin. 
Skin appears red and more energy is transferred to environment by radiation. 
Erector pili muscles, which are attached to hair follicles, are relaxed and body 
hairs lie flat against the body, minimising any insulting air layer. 
Rate of sweat production in sweat glands increases. 
As more sweat is released onto the skin surfaces, cooling occurs as water 
evaporates. 
Subcutaneous fat acts as insulator, reducing cooling. 
Very overweight people overheat easily which is a disadvantage in relation to 
exercise. 
People, who are active has less subcutaneous fat so they use up all energy 
from food. This reduces the insulation and increases the amount of energy 
that can be lost by conduction from surface of skin. 
 

Vasoconstriction is the process that reduces the energy lost from surface of the skin. Arteriovenous shunt 
in blood supply to skin opens, so reducing blood flow through capillaries. 

People sweat less and so cooling by evaporation is reduced. 
Erector pili muscles are contracted, pulling the hairs upright. 
It traps an insulating layer of air that helps reduce cooling. 
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Metabolic rate of body also speeds up warming the body. (mainly liver and 
muscles) 
Shivering, which is involuntary contraction of skeletal muscles, also helps with 
metabolic warming. 
Energy released raises body temperature. 
Subcutaneous fat acts as an effective insulator.  

 

 

 

 

 

 

 

 

 

 

[2.94], [2.95B] 

 Adrenaline  Insulin  Testosterone Progesterone  Oestrogen  
Source Adrenal 

gland 
Pancreases Testes  Ovaries  Ovaries  

Role  Flight and 
fight 
response  

Lowers 
blood 
glucose 
levels 

Male sex 
hormones  

Maintains 
pregnancy 

Female sex 
hormones 

Effect  Increases 
breathing 
and heart 
rate. 
Increases 
the blood 
flow to 
muscles  

Causes 
excess 
glucose in 
the blood 
to be taken 
by muscles 
and liver. 
It 

Develops male 
secondary 
sexual 
characteristics  

Maintain the 
lining of the 
uterus so 
the fertilised 
egg and 
deposit and 
develop.  

Develops 
female 
secondary 
sexual 
characteristics 
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converted 
in glycogen 
for storage  

 Source Role Effect 
ADH Pituitary gland Controls the 

water level of 
the blood 

Increases the 
permeability of the 
collecting duct and 
distal tubule. 

FSH Pituitary gland Causes the 
ovaries to 
develop and 
mature into an 
egg cell. 

Stimulates the 
development of egg 
cells in the ovary 
and releases 
oestrogen. 

LH Pituitary gland Causes the ovary 
to release into a 
mature egg cell. 

Stimulates the 
release of an egg 
cell from the ovary 
and the release of 
progesterone. 
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Chapter 3: Reproduction and inheritance  
A. Reproduction  

[3.1] 

o Sexual reproduction  
Sexual reproduction is a type of reproduction that involves a complex life 
cycle in which a gamete (such as a sperm or egg cell) with a single set of 
chromosomes combines with another to produce an organism composed of 
cells with two sets of chromosomes. 

o Asexual reproduction 
Asexual reproduction is a type of reproduction that does not involve the 
fusion of gametes. The offspring that arise by asexual reproduction from 
either unicellular or multicellular organisms inherit the full set of genes of 
their single parent. 

Asexual reproduction Sexual reproduction 
Only one parent is needed Two parents are required 
No formation of gametes Formation of gametes  
Only mitotic division is needed Meiosis is done to produce the gametes and 

division of fertilised egg to zygote is mitosis. 
The daughter cells are identical to each other 
and the parent cell. 

The daughter cells are non- identical to each 
other and the parent cell. 

Occurs during budding or fragmentation or 
sporulation. 

Occurs due to fertilisation and pollination. 

Does not involve with genetic variation. Involves with genetic variation. 
Only one cell cycle. Two cell cycles. 

 

[3.2]   Fertilisation is the fusion of the gametes (egg and sperm) to form the zygote. 

[3.3]   Pollination is a method of transfer of the pollen from the anther of the same plant or different 
plant to the stigma. There are two types of pollination. The following are the adaptation of each flower for 
each pollination. 

a. Wind pollination 
 Small and dull petals. They are often green in colour. 
 There is no nectar scent as they don’t need to waste energy to 

attract insects. 
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 There are large number of pollens produced. 
 The pollen grains are smooth, small and light in weight as it 

needs to be easily carried by the wind. 
 The anther is outside the flower, swinging loose as it is easy 

to release pollen grains. 
 The sigma is also found outside the flower so it can catch the 

pollen grains, which are carried through the wind. 
b. Animal pollination  

 The petals are large and brightly coloured to attract insects. 
 These flower produce a pleasant fruity scent along with nectar 

to attract the insects. 
 The number of pollen produced are usually moderate as the 

chance of pollen getting attached to the animal’s body is very 
successful.  

 The pollen grains are large in size and easily sticks to the 
insect’s body. 

 The anther and stigma are found inside the flower. 

 

[3.4] 

 Fertilisation in plant means the fusion of the pollen nucleus fuses with an ovum 
nucleus. 

 The pollen of the same flower or another 
flower will land on the stigma.  

 When the pollen lands on the stigma, the 
pollen tube will grow.  

 This pollen tube will lead to the ovary. 
The pollen will travel through the pollen 
tube into the ovary.  

 The ovary contains one or more ovules so 
the male pollen nuclei will fuse with the 
female ovule nuclei to produce a zygote. 

The zygote will start to divide and eventually form into a seed with the ovule 

[3.5]   Conditions for germination are: 

a. Oxygen- this is used to produce energy for germination. 
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b. Warmth- the proper optimum temperature is need to maximise the activity of the 
enzyme so germination increases.  

c. Water- the seed will swell up and the enzymes in the embryo to start working so the 
growth can occur. 

The practical to measure germination is: 

o Make 4 groups of cress seeds. Each group should contain 10 cress seeds from the 
same species and parent. Make sure the sizes of all the seeds are equal. 

o Set up each boiling tube as follows: 
A. Tube A should have a dry cotton wool  
B. Tube B should have a cotton wool dipped in water so the 

cotton wool is moist. 
C. Tube C should have boiled and cooled water along with a layer 

of oil on the top. (this will avoid the entry of oxygen) 
D. Tube D should have a cotton wool dipped in water so the 

cotton wool is moist. 
o Leave tubes A, B and C incubated in a water bath of 20°C, whereas tube D should be 

kept in an ice bath of about 4°C.  
o Leave each tube for 1 week and the compare the results. Check how many seeds have 

started to germinate in each tube. 
 
 
 
 
 
 
 
 

 

[3.6]   Seed has a part called the cotyledon. This structure is used as a food store in seeds. The enzyme, 
amylase, will break down the starch into maltose and eventually then to glucose. 

[3.7] 

I. Natural asexual reproduction- this is when small plants grow side branches. 
These side branches usually contain plantlets. The plantlets will grow roots 
and these plantlets will grow into independent adult plants and these plants 
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are made from the parent plant. Examples of natural asexual reproduction are 
runners. 

II. Artificial asexual reproduction (cuttings)- easiest way to clone a plant is to 
take a cutting. This means cutting a side branch from the parent plant. The 
leaves in the lower part of the plant is removed and the cut end of the stem 
is dusted with rooting powder. The stem is planted in a damp compost which 
has all the needed nutrients for the branch to grow. The plant stems contain 
a plant hormone called the auxin and this encourages the growth of new 
roots. 

III. Artificial asexual reproduction (tissue culture)- explants, which are living 
tissues removed form an organism is placed in a medium for tissue culture. 
These cells are transferred into a sterile petri dish, and this petri dish 
contains nutrient agar with minerals. Hormones are added so the plants will 
grow into small masses of tissue. The tissue continues to grow and form into 
plantlets. These plantlets are then transferred into individual pots so they 
can develop into plants. This process is called as micropropagation. 

[3.8] 

I. Male reproductive system. 
o Testis- this contains a bag of skin called the scrotum. This is also the place where the 

production of sperms and testosterone happens. 
o Urethra- this is a tube that is located in the centre of the penis. Urine and sperm is carried 

out of the body through this tube. A ring of muscle in the urethra prevents the urine and 
semen from mixing together.  

o Glands-  this will where the production of the semen fluid happens. Semen is the fluid that 
provides the sperm cells with nutrients. 

o Sperm duct- sperms is carried through the sperm duct to be mixed with the fluids produced 
by the glands before being passed into the urethra for ejaculation. 
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o Penis- penis releases the semen into the vagina of a female during sexual intercourse. The 
urine is also passed out of the body from the bladder. 

 

II. Female reproductive system 
o Ovary- this contains the ova (which is the female gametes). The ova mature and develop 

when hormones are released. 
o Uterus- this is a muscular bag with a sot lining where the fertilised egg (zygote) will 

develop into a foetus. The zygote is implant in the uterus. 
o Oviduct- another name for oviduct is fallopian tube. This connects the ovary to the uterus. 

The oviduct is lined with ciliated cells and the cilia in the ciliated cells sweep the ova from 
the ovary into the uterus. 

o Cervix- It keeps bacteria out of your uterus, produces discharge to clean your vagina, and 
changes its positioning to help facilitate or protect a pregnancy. 

o Vagina- this is a muscular tube that leads to the inside of the woman body. The penis enters 
through the vagina and sperms are deposited there. This happens during sexual 
reproduction. 



  

53 
 

We, Owls, would love to serve you, Owlets, with 
the best resources for EDEXCEL IGCSE and IAL. 

o Urethra- this is a tube, where urine is passed out of the body from the bladder. 

 

 

 

 

 

 

 

 

[3.9]   Oestrogen level raised form day 2 and it is on the peak until day 14. This causes the lining of the 
uterus to start thickening and the egg to mature. The peak in oestrogen will happen before the egg is 
released. 

Progesterone stays low from day 1 to day 14. Once ovulation happens, the level of hormone, progesterone 
starts to rise. The increasing levels will cause the lining of the uterus to increase further and the level of 
progesterone will fall and this causes the uterus lining to break down. 

[3.10B]  

a. FSH causes the maturation of the egg in the ovary. 
b. LH stimulates the release of the egg during ovulation.  
c. When there is a decrease in the hormone oestrogen, the level of FSH and LH starts 

to increase. 
d. Ovulation will happen when LH and FSH level peaks. 

[3.11]   The placenta is an organ that develops in your uterus during pregnancy. This structure provides 
oxygen and nutrients to your growing baby and removes waste products from your baby's blood. 
The placenta attaches to the wall of your uterus, and your baby's umbilical cord arises from it. 
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[3.12]   The developing embryo is surrounded by an amniotic sac. This amniotic sac contains the amniotic 
fluid (and this is made from the mother’s plasma). This protects the foetus during development by 
cushioning it from bumps to the mother’s 
abdomen. 

 

[3.13]   Secondary sexual characteristics 
are the changes that happen during 
puberty as children become adolescents. 
This are controlled by hormones. 

o Oestrogen are the female 
hormones that involve in 
secondary sexual 
characteristics of females. 

o Testosterone are the male 
hormones that involve in 
secondary sexual 
characteristics of males. 

o Male secondary sexual development 
 Growth of facial and body hair. 
 Growth of the testes and penis 
 The voice breaks and deepens. 
 Testes start to produce sperms. 
 Muscles start to develop. 

o Female secondary sexual development 
 Breasts develop and enlarge 
 Growth of body hair. 
 Menstrual cycle begins  
 Hips gets wider 
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B. Inheritance  
[3.14]   The genome is the entire DNA of an organism and that a gene is a section of a molecule of DNA 
that codes for a specific protein. 

[3.15]   The nucleus of a cell contains chromosomes on which genes are located. 

[3.16B], [3.17B]   Structure of the DNA- DNA is a double stranded nucleic acid. Two strands of 
polynucleotide chains are joined together in a double helix structure. Nucleotide is an individual unit of 
DNA. 

 
 
 
 

 

 

 

Base pairing in DNA- Complementary base pairing is the rule used when two stands of the double helix are 
held together by hydrogen bonds. The two strands are antiparallel. Guanine will combine with cytosine with 
3 hydrogen bonds. Thymine and adenine will join by 2 hydrogen bonds. In RNA, the uracil will combine with 
adenine by forming 2 hydrogen bonds. 
Structure of RNA- RNA is a single stranded nucleic acid. There are different types of RNA which are tRNA 
and mRNA, used during protein synthesis.  
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o   
 
 
 
 
 
 
 
 
 

 

[3.18B]   Protein synthesis is the process in which cells make proteins. It occurs in two stages: 
transcription and translation. Transcription is the transfer of genetic instructions in DNA to mRNA in the 
nucleus. Translation is where the amino acids are bought and the polypeptide chain is made. 

a. Transcription  
In this process the mRNA strand is made. The enzyme RNA polymerase attaches to the DNA 
at the start of the gene. The hydrogen bonds between the DNA strands are broken. This will 
unwind the DNA and separates the two strands and the nitrogenous bases are exposed. 
One DNA is acting as the template and the other strand acts as antisense strand. Free 
nucleotides will attach to the template and the RNA polymerase attaches the free nucleoids 
with the template according to complementary base pairing rule. Phosphodiester bonds are 
formed between adjacent nucleotides and this causes the formation of the mRNA. The stop 
codon determines the end of the transcription process. 
 

b. Translation  
Translation is the process by which a protein is synthesized from the information contained 
in a molecule of messenger RNA (mRNA). During translation, an mRNA sequence is read 
using the genetic code. Translation occurs in a structure called the ribosome, which is a 
factory for the synthesis of proteins. The ribosome has a small and a large subunit and is a 
complex molecule composed of several ribosomal RNA molecules and a number of proteins. 
Translation of an mRNA molecule by the ribosome occurs in three stages: initiation, 
elongation, and termination. During initiation, the small ribosomal subunit binds to the start 
of the mRNA sequence. Then a transfer RNA (tRNA) molecule carrying the amino acid 
methionine binds to what is called the start codon of the mRNA sequence. The start codon in 
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all mRNA molecules has the sequence AUG and codes for methionine. Next, the large 
ribosomal subunit binds to form the complete initiation complex. During the elongation stage, 
the ribosome continues to translate each codon in turn. Each corresponding amino acid is 
added to the growing chain and linked via a bond called a peptide bond. Elongation continues 
until all of the codons are read. Lastly, termination occurs when the ribosome reaches a stop 
codon (UAA, UAG, and UGA). Since there are no tRNA molecules that can recognize these 
codons, the ribosome recognizes that translation is complete. The new protein is then 
released, and the translation 
complex comes apart. 

 

 

 

 

 

 

 

 

 

 

[3.19]   Allele- This is an another form of a particular gene. For example: one gene codes for the hair 
colour brown and another gene will code for the gene black.  
[3.20] 

o Dominant allele- The allele that are expressed in the phenotype. Usually they 
are written as a capital letter. 

o Recessive allele- A recessive allele is a variety of genetic code that does not 
create a phenotype if a dominant allele is present. 

o Homozygous- An individual having two identical alleles of a particular gene or 
genes and so breeding true for the corresponding characteristic. 

o Heterozygous- An individual having two different alleles of a particular gene 
or genes, and so giving rise to varying offspring. 

o Genotype- The genetic constitution of an individual organism. 
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o Phenotype-  These are the observable characteristics of an individual 
resulting from the interaction of its genotype and environmental factors. 

[3.21B]   Codominance is a relationship between two versions of a gene. Individuals receive one version of 
a gene, called an allele, from each parent. In codominance, however, neither allele is recessive and the 
phenotypes of both alleles are expressed. 

[3.22]   Most phenotypic features are a result of polygenic inheritance rather than a single gene. 
[3.23]   A monohybrid cross is a genetic mix between two individuals who have homozygous genotypes, or 
genotypes that have completely dominant or completely recessive alleles, which result in opposite 
phenotypes for a certain genetic trait. 
[3.24]   Genetic pedigree diagram is a pedigree chart is a diagram that shows the occurrence and 
appearance of phenotypes of a particular gene or organism and its ancestors from one generation to the 
next. 
[3.25]   this is practiced using past papers. 

[3.26], [3.27]   Sex of a person is determined by an entire chromosome pair. Females have the sex 
chromosome XX and males have the sex chromosome XY. 

o Female- XX 
o Male- XY 

The father is the parent that is responsible for determining the gender of a child. This is because a father 
can pass either the X or Y chromosome. 
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[3.28]   Mitosis is a type of cell division, where two identical diploid daughter cells are being produced 
from a diploid parent cell. The daughter cells are identical to the parent cell too. It undergoes only one cell 
cycle.  
[3.29]   Mitosis mainly occurs in somatic cells, which are the cell of the body. Mitosis doesn’t produce 
gametes. Yet, the production of the zygote is due to mitosis. Mitosis is also responsible in replacing and 
repairing cells in the skin, cloning and also for growth. 
[3.30]   Meiosis- Meiosis is a type of reproduction, where four non- identical haploid daughter cells are 
produced from a diploid parent cell. The daughter cells are not identical to the parent cell too. It undergoes 
two cell cycles. 
[3.31]   Random fertilisation produces genetic variation of the offspring. 
[3.32]   In human cells the diploid number of chromosomes is 46 and the haploid number is 23. 

o Haploid cells- Haploid is the quality of a cell or organism having a single set 
of chromosomes. Organisms that reproduce asexually are haploid. Sexually 
reproducing organisms are diploid (having two sets of chromosomes, one 
from each parent). In humans, only their egg and sperm cells are haploid. 

o Diploid cells- Diploid is a cell or organism that has paired chromosomes, one 
from each parent. In humans, cells other than human sex cells, are diploid and 
have 23 pairs of chromosomes. Human sex cells contain a single set of 
chromosomes and are known as haploid. 

[3.33]   Factors affecting phenotype: 

a. Environmental factors such as diet, temperature, oxygen levels, 
humidity, light cycles, and the presence of mutagens can all impact which of an 
animal's genes are expressed, which ultimately affects the animal's phenotype. 

b. A genotype is an organism’s complete set of genetic material. The genetic make- up  
plays a vital role in determining the phenotype or appearance of an individual. 
 

[3.34], [3.35B], [3.36B], [3.37B] 

A mutation is a change that occurs in our DNA sequence, either due to mistakes when the DNA is copied or 
as the result of environmental factors such as UV light and cigarette smoke. 
A change in the DNA sequence, will cause a different polypeptide chain is being formed during transcription 
and translation so the structure of the protein is different and this can affect the phenotype of a person. 
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Most genetic mutations have no effect on the phenotype. Sometime the type of mutation will form the same 
protein so there is no change in the phenotype. Sometimes new phenotypes give an individual a survival 
advantage over other members of the species and it can lead to rapid change. 
Main cause of mutation is natural exposure to environmental factors like UV light or chemical carcinogens. 
[3.38]   Evolution is change in the heritable characteristics of biological populations over successive 
generations. These characteristics are the expressions of genes that are passed on from parent to 
offspring during reproduction. Darwin’s theory: 

a. Range of variation is caused by difference in genes and this is seen by individual in a 
species.  

b. Individuals with the most fittest characteristics have a higher chance of survival and 
more chances to reproduce and increase in number. 

c. The idea of natural selection become known as survival of fittest. 
[3.39]   Antibiotics are medicine (such as penicillin) that inhibits the growth of or destroys 
microorganisms. They are chemicals that are produced by fungi and bacteria. 

Antibiotic resistance happens due to the repeated use of antibiotics, which eventually leads to antibiotic 
resistance species forming). Resistance is formed due to the selection pressure of taking the antibiotic in 
repeat. Because of this, mutations occur and changes happens that means new genes are formed. Sensitive 
bacteria die and mutated bacteria will survive and reproduce. Bacteria can mutate frequently as the nucleic 
material is not covered by the membrane. 
These bacteria may infect humans and animals, and the infections they cause are harder to treat than 
those caused by non-resistant bacteria. Antibiotic resistance leads to higher medical costs, prolonged 
hospital stays, and increased mortality as it takes time to create the new antibiotic to find this new 
antibiotic resistance bacterium. 
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Chapter 4: Ecology and the environment  
A. The organism in the environment  

[4.1] 

I. Population- This is the number of organisms of a same species living in the 
same location at the same time. 

II. Community- It is all the organisms of all species living in the same place at 
the same time. 

III. Habitat- This is the place where an organism lives. It is mainly characterised 
by the abiotic need for the organism to live. 

IV. Ecosystem- This is a self- contained unit contained unit consisting of all the 
organisms living in a particular place at a given time. This includes all the 
living things in a given area that we interact with each other both abiotic and 
biotic factors. 

[4.2], [4.4B]   Some abiotic factors like light intensity or soil minerals or river depth or the distance 
from a tree or river are abiotic factors that affect the abundance the distribution of a certain species. The 
two methods of ecological study are by using: 

 Quadrat 
 Transect  

 Line transect  
 Belt transect 
 Point transect 

a. Types of sampling methods: 
 Systematic sampling  
 Random sampling  

This is how the method is: 

Using a quadrat [THIS IS A SIMPLIFIED ANSWER] 
o Take a map of the area to be studied and assign a coordinate grid in it. 
o Use a type of sampling method like random sampling. Use a random number generator to 

take at least 20 different coordinates. These coordinates are used to locate the quadrats. 
o Place the quadrat in each coordinate and count e number of species caught in the quadrat or 

take the percentage cover of the quadrat. Percentage cover is the space of the quadrat 
covered by species. 
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o In that particular coordinate measure the independent variable too. The independent variable 
can be light intensity or amount of O2 in the soil or water content of the soil. each reading 
should be taken from each coordinate and should be taken 3 times to get the mean. 

Since this is a habitat experiment, it is an outdoor experiment and it is hard to control all the factors to 
produce a valid experiment. The only solution is that it is best to measure all other factors like 
temperature or pH in each coordinate along with the independent variable. 

The transect experiment is mainly used in a clear environmental gradient. The transect is aligned and the 
quadrat can be place in the transect systematically like every 2m to measure the number of species. Every 
time the quadrat is place make sure to measure the independent variable too.  

There are many safety issues to be considered as this is an outdoor experiment. Some issues are: 

 Be careful of insect infection or leeches. 
 Be careful of poisonous plants 
 Can slip can fall in muddy areas. 
 Sometimes infections can occur form the 
water of lakes. 
 Be careful of dangerous animals like 
snakes 

 

 

 

[4.3B]   Biodiversity is a term used to describe the enormous variety of life on Earth 
[4.5]   Abiotic and biotic factors affect the distribution and abundance of organisms. This means there 
are a good supply of light with good availability of oxygen, plants will grow very healthily. Yet, some insects 
can’t survive in oxygen areas so they can die. The factors depend on the type of species.  

I. Abiotic factors- This is all the non- living factors that affect an organism like 
light, temperature.  

II. Biotic factors- This is all the living factors that affect an organism like 
competition, parasites and diseases. 

 

 

 



  

63 
 

We, Owls, would love to serve you, Owlets, with 
the best resources for EDEXCEL IGCSE and IAL. 

B. Feeding relationships  
[4.6] 

I. Trophic levels are the position of an organism in a food chain. 
II. Producers- these are the organism that produce their own organic nutrients by 

using energy from sunlight. 
III. Primary consumers- there are usually herbivores, who eat only plants 
IV. Secondary consumers- they are predators who feed on primary consumers.  
V. Tertiary consumers- they feed on secondary consumers 
VI. Decomposers- they are bacteria and fungi that feed off the dead and decaying 

organisms and their undigested waste. 
[4.7] 

I. Food chains – this shows what eats what. 
 
 
 
 

 

 

 

 
II. Food webs- a network of 

interconnected food chains. 
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III. Pyramids of number – the number of organisms in each trophic level  
 

 

 

 

 

 
IV. Pyramids of biomass- the biomass of organism in each trophic level. Biomass is 

the mass of an organism per unit area of the ground at any given time. 

 

 

 

 

 
V. Pyramids of energy transfer- the amount of energy in each trophic level  
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[4.8]   Energy is lost due to different ways between trophic levels. 

[4.9]   Only about 10% of energy is transferred from one trophic level to the next. These are the reasons 
for energy lost: 

b. All the parts of the organism are not eaten. 
c. All the consumed food is not assimilated in the body. Rest is released as faecal 

matter.  
d. Lost by heat (exothermic due cellular respiration) 
e. Some energy is released as urea (carnivores release a lot of urine (Urea) as it eats 

a lot of proteins. 

 

C. Cycles within ecosystems  
[4.10] 
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[4.11B] 
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D. Human influences on the environment  
[4.12] 

o Sulphur dioxide- Acid rain is caused by a chemical reaction that begins when compounds 
like sulphur dioxide and nitrogen oxides are released into the air. These substances can rise 
very high into the atmosphere, where they mix and react with water, oxygen, and other 
chemicals to form more acidic pollutants, known as acid rain.  

o Carbon monoxide- Carbon monoxide will bind to the haemoglobin of the human blood and this 
will limit the oxygen transport in the blood. 

[4.13]   Greenhouse gases- these are the gases that absorb and emit IR radiation emitted by the Earth 
which causes global warming. The main greenhouse gases are: 

a. Carbon dioxide  
b. Methane  
c. CFC 

d. Nitrous oxide  
e. Water vapour 

[4.14]   Due to anthropogenic (human) activities, like forest fires or exhaustion of gases from cars, can 
increase the amount of greenhouse gases in the Earth’s atmosphere. 

[4.15]   Greenhouse gases are the reason for trapping the IR radiation into the Earth’s surface. 
Greenhouse gases are essential but excess greenhouse gases can cause large amount of IR radiation 
getting trapped into the Earth’s surface. This can lead to an increase in the average global temperature. 
This is known as Global warming. 

Initially, IR radiation is coming from the Sun as waves with short wavelengths. When it hits the Earth’s 
surface, some of the energy is absorbed by the Earth’s surface so the wavelength increases. The IR wave 
will bounce off the Earth’s surface and knocks the atmosphere and the IR radiation is absorbed by the 
greenhouse gases. Then the wavelength increases again and reflects back to the Earth’s surface, and this 
continues. This is how IR radiation is trapped in the Earth’s surface and this causes the average global 
temperature to increase 

[4.16]    

a. Untreated sewage enters water bodies and this provides a source of food for 
decomposing bacteria. 

b. The bacteria will increase in number quickly, while using up the dissolved oxygen in 
the water since they also conduct aerobic respiration.  



  

68 
 

We, Owls, would love to serve you, Owlets, with 
the best resources for EDEXCEL IGCSE and IAL. 

c. As a result, less oxygen is left in water, so aquatic organisms such as fish and 
insects may not be able to survive 

d. When sewage is treated before entering waterways, lots of oxygen is provided by 
stirring the waste or by injecting jets of compressed air 

e. This allows the microorganisms to break down the waste completely before the 
treated water is discharged into a river or the sea 

[4.17]   Eutrophication, the gradual increase in the concentration of phosphorus, nitrogen, and other plant 
nutrients in an aging aquatic ecosystem such as a lake. The productivity or fertility of such an ecosystem 
naturally increases as the amount of organic material that can be broken down into nutrients increases. 

[4.18B]   Deforestation is the permanent removal of trees to make room for something besides 
forest.  The loss of trees and other vegetation can cause climate change, desertification, soil erosion, 
fewer crops, flooding, increased greenhouse gases in the atmosphere, and a host of problems for 
indigenous people. Some other effects of deforestation are: 

o Leaching  
o Soil erosion  
o Disturbances if evapotranspiration  
o Carbon cycle  
o Balance of atmospheric gases. 
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Chapter 5: Use of biological resources  
A. Food production  

[5.1] 

1. Many conditions can be manipulated to increase the rate of the photosynthesis using a 
glasshouse: 

 Regular watering  
 Artificial heating  
 Artificial lighting 
 Increase carbon dioxide content. 

All these factors are affect the rate of photosynthesis. The manipulation of these 
factors is done in a way to increase the rate of photosynthesis. 

2. Polythene tunnels are large enough so machines can work inside them. They protect the 
crops grown outside of the weather. They can prevent the entry of pests and thy can 
damage plants or diseases that can kill plants.  

[5.2]   Effect of each factor on yield of crop: 

I. Increase in carbon dioxide   
 If other factors like light intensity and temperature in the greenhouse 

are optimal, there is no longer a limiting factor, so when the 
concentration of carbon dioxide increase, the rate of photosynthesis 
also increases.  

II. Increase in temperature  
 The temperature of greenhouses is slightly higher than the outside as 

glasshouses trap the heat from the sun. the increases temperature 
will be closer to the optimum temperature of enzymes. 

 When temperature increases, more substrate enzyme complexes can 
form as more articles gain kinetic energy. Due to this, enzyme activity 
will increase until the optimum temperature.   

[5.3]   Fertilisers contain elements like nitrate, potassium or magnesium that will promote the growth of 
plants. They also make the crops grow faster and this increases the yield. Majority of the fertilisers are 
water soluble, they can easily be taken up by roots. 
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I. Nitrogen ions are used mainly for the production of amino acids, proteins. 
Nitrates are needed for the production of DNA and many hormones. Lack of 
nitrogen will cause older leaves turn yellow and die and growth is stunted. 

II. Phosphorus is need to make DNA and cell membrane. The lack of phosphorus 
can cause poor root growth and discoloured leaves. 

III. Plants require potassium ions for protein synthesis and for the opening and 
closing of stomata, which is regulated by proton pumps to make surrounding 
guard cells either turgid or flaccid. A deficiency of potassium ions can impair 
a plant's ability to maintain these processes. 

[5.4]   Pests are insects or animals that harm and damage crops. Weeds will outcompete the crop and 
they will compete for space, water and even soil nutrients. This will decrease the yield of crops.  

 Insecticide- kills insect pests 
 Herbicides- kills plant pests 
 Fungicides- kills fungal pests 

 

 

 

 

 

 

 

[5.5] 

I. Bread making- the carbon dioxide produced by yeast during respiration is 
caught in the dough causes the bread to rise. 

II. Beer making  
 Plants are used to extract the sugar. 
 Yeast is added to sugar and the mixture is kept to warm. 
 Air and other microorganism are kept out of a fermentation container 

using an air lock. 
 Fermentation is allowed to continue (CO2 will help to keep the air out) 
 Mixture is clarified. This is done by settling and filtration  
 The drink is pasteurised and then stored in bottles or cans 
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[5.6] 

 Mix yeast with sugar solution in a boiling tube. A layer of oil is put on top to prevent 
oxygen from entering. 

 Connect this boiling tube with a test tube of limewater using a capillary tube then 
close the boiling tube with a bung. 

 Place the boiling tube with yeast and sugar solution into a water bath at a set 
temperature (a set temperature can be achieved by using a water bath) and count 
the number of bubbles formed in a fixed time like every 10 minutes. 

 Change the temperature of the water bath and repeat the exact the experiment. 
 Compare the results at different temperatures to find out at which temperature 

causes the yeast to respire the fastest. 
 The higher the temperature, the more bubbles of carbon dioxide should be 

produced. This is because the enzyme activity in the yeast is increasing.  
 If the temperature is too high, which is beyond the optimum temperature, the 

enzymes will denature causing carbon dioxide production to stop. 

[5.7]   The bacteria Lactobacillus is 
needed for the production of yoghurt. 
Milk contains a sugar called the lactose. 
This bacterium will break the lactose 
down to form lactic acid and this lowers 
the pH of milk, therefore the protein of 
the milk will denature and this gives the 
yogurt texture. 
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[5.8]   An industrial fermenter is used to grow bacteria and fungi in large amounts. This can be useful 
when producing transgenic bacteria. The main condition in the industrial fermenter are: 

 Aseptic precautions- to kill microorganisms and prevent chemical contamination. 
 Nutrients- needed for the use of respiration to release energy for growth and 

ensure the microorganisms are able to reproduce. 
 Optimum temperature- the optimum temperature for enzymes 
 Optimum pH- the optimum pH for enzymes  
 Oxygenation- for aerobic respiration  
 Agitation- stirring paddles to ensure that are nutrients, temperature, oxygen and 

pH are evenly distributed throughout the fermenter. 

[5.9B]   Fish farms are ways of raising large numbers of fish in a small space to provide proteins for 
humans. 

Benefits of fish farming: 

 Ability to protect against predators  
 Ability to selectively breed fish. 
 Ability to control feeding to ensure rapid growth 
 Ability to control water quality. 

Methods used in fish farms to ensure high yield:  

 Maintenance of water quality  
 Control of intraspecific predation  
 Control of interspecific predation  
 Control of disease 
 Removal of waste products  
 Quality and frequency of feeding  
 Use of selective breeding 

 

B. Selective breeding  
[5.10], [5.11]   Selective breeding is when humans choose the organism that they need to breed in order 
to produce offsprings. Usually the organism is chosen which have a certain desirable characteristic. This is 
how they usually do this (either a plant or animal is used) 

 Parents with desirable characteristic are chosen. 
 They are bred together  
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 The offsprings with the desired characteristic are bred together  
 The process is repeated many time until all the offsprings have that desired 

characteristic. 
The drawbacks of inbreeding are: 

 Reduction in gene pool 
 Small gene poll leads to greater chance of genetic defects 
 Species can become extinct when environmental chances occurs. 

 

C. Genetic modification  
[5.12], [5.13] 

 Uses reverse transcriptase which is an enzyme used to make artificial copies of a 
desired gene by taking a mRNA molecule transcribed from the gene and using it to 
produce the correct DNA sequence. It reverses the transcription process to produce 
complementary DNA which can act as an artificial gene. 

 cDNA is the DNA which can act as an artificial gene, made by reversing the 
transcription process from mRNA using reverse transcriptase. 

 Restriction endonucleases are used to cut DNA strands into small pieces and each 
type of endonucleases will cut DNA 
only at specific restricted) sites with 
a particular DNA sequence. Some 
restriction endonucleases form sticky 
ends. 

 Sticky ends are the name given to 
the area of the base pairs left longer 
on one strand of DNA than the other 
by certain restriction endonucleases, 
making it easier to attach new pieces 
of DNA. 
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[5.14] 

 The insulin gene of a healthy individual is cut out by using a specific restriction 
enzymes and this leaves sticky ends. 

 A bacterial plasmid is cut off using the same restriction enzyme to also create the 
same sticky end. 

 The sticky ends from the bacterial plasmid from the genes are the joined by ligase 
enzyme. 

 The combined loop is placed in a vector such as a bacterial cell and then multiply as 
it will now contain the modified gene. 

[5.15]   They can be used to increase the yield of the crops and the crops can be engineered to be 
resistant to insects and herbicides. 

[5.16]   Transgenic is the transfer of genetic material from one species to a different species.  

 

D. Cloning  
[5.17B] 

 

 

 

 

 

 

 

 

[5.18B]   Micropropagation can be used to produce commercial quantities of genetically identical plants 
with desirable characteristics. This is known as clones. The cloning of plants has many commercial uses. 
The advantages are that they are made cheaply, with a greater yield and at any time of the year. 
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[5.19B] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[5.20B]   A transgenic animal is one which contains genes form another species. This is very time 
consuming. To avoid this, once a transgenic animal is being created, it can be cloned repeatedly, producing 
large number of transgenic animals that are all producing the necessary proteins for human use.  

 


