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Topic 1  Plant cell

1.1

Cytoplasm: Stores chemical and 
maintains the shape of the cell.

Cell membrane: A thin 
partially-permeable 
membrane that 
surrounds the 
cytoplasm (controls 
entry and exit)

Cell wall: Composed of cellulose 
this provides both protection and 
structure

Large Vacuole:
Water filled space 
that stores 
chemicals that 
exerts pressure 
against the walls.

Chloroplast: Where 
photosynthesis takes place. 
Contains chlorophyll.

Nucleus: Controls many 
functions of the cell and 
contains the DNA

Mitochondria: Converts 
the energy stored in 
glucose for use in the 
cell
(respiration)

4

Ribosomes: Produce proteins 
(not in diagram)



Topic 1  Animal cell 

1.1

Cytoplasm: Stores chemical and 

maintains the shape of the cell.

5

Ribosomes: Produce 
proteins (not in 
diagram)

Cell membrane: A thin 
partially-permeable 
membrane that 
surrounds the 
cytoplasm



Topic 1  Bacteria cell 

1.1

Cell wall

Chromosomal DNA: carries genes 
that specify the proteins that make 
up the organism.

Flagella: allow 
the cell to 
move

Plasmid DNA: Non-essential small 
circles of DNA containing between 5 
and 100 genes.

6

Ribosomes: Produce 
proteins (not in 
diagram)



Topic 1  Specialised cells

1.2 7

Mitochondria Acrosome

Haploid nucleusTail

Sperm: Egg:

Haploid 
nucleus

Cell membrane
(changes after fertilisation)

Cytoplasm
(nutrients)

Ciliated epithelial cells:
Cilia



Topic 1 Microscopes 

1.3  1.4  1.5

Light microscopes allow objects to be 
magnified up to at least 2,000 times.

Changes in microscope technology, including 
electron microscopes enable cells to be seen with 
more clarity and detail than before. 

Eyepiece Objective Total 
Magnification

10 x 4 x 40 x

10 x 10 x 100 x

10 x 40 x 400 x

10 x 100 x 1000 x

The magnification of 
the eyepiece multiplied 
by the objective gives 
the total magnification. 

8

Image
size

Actual size magnification

Sizes are quoted using milli (10-3), 
micro (10-6), nano (10-9) and pico
(10-12) units.

Investigate plant and animal cells with a light microscope



Topic 1 Core Practical 

1.6 9

Investigate biological specimens using microscopes, including magnification calculations and labelled scientific 
drawings from observations

Eye piece 

Illumination Fine focus

Course focus

Stage

Objective 
lens

Iris
Magnifier Low power High 

power
Oil immersion

Eyepiece X   10 X   10 X   10

Objective X   10 X   40 X   90

Total X 100 X 400 X 900

Onion skin in water droplet and stain on microscope slide

Lower cover slip

With onion, 
iodine stain is 
used to improve 
contrast and 
show up the 
various structures 
and organelles



Topic 1  Enzymes

1.7  1.8  1.9  1.11

Enzymes are biological catalysts. The ‘lock and key’ 
hypothesis is a good analogy for the way that the 
active site on the enzyme molecule works.

The enzyme can be denatured, this results in a change 
of shape of the active site, meaning that it no longer 
works effectively. Changes in reaction rates can be 
caused by low substrate concentrations, high (or low) 
temperature and changes in pH.

Enzymes are 
highly specific for 
a particular 
substrate 
molecule. 

10

Enzyme concentration

Investigate the effect of temperature and concentration on enzyme activity



Topic 1 Core Practical 

1.10 11

Investigate the effect of pH on enzyme activity

Amylase is added to different pH solutions. 

The temperature of these solutions is kept 
constant using a Bunsen burner and a water bath

Amylase breaks down starch which can be 
identified using iodine. The time taken 
for the starch to disappear can be found 
using a continuous sampling technique.

pH
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Rate is 1 / time, so if 
you plot rate you will 
see the more 
conventional graph.

5 6 84 7 932



Topic 1 Enzyme rate calculations

1.11 12

There are a number of factors that may affect the rates of reaction, these include:

Surface area: Chewing increases surface area which increases as the particle size 
increases.

Temperature: Rate increases with temperature to an 
upper limit where the enzyme then begins to denature.

Investigate the effect of different concentrations of digestive enzymes, using and evaluating models of the alimentary canal

The effect of concentration of digestive 
enzyme on rate can be modelled by changing 
the amount of digestive enzymes, in visking
tubing. Assuming that the substrate 
concentration is not limiting then you should 
find that the graph will be directly 
proportional.



Topic 1 Digestive enzymes

1.12

Enzymes play an important role in digestion:

Lipase digests lipids (fats) to fatty acids and glycerol

Proteases, including pepsin, digest proteins to 
amino acids 

Carbohydrases, including amylase, which digest 
carbohydrates (starch) to  simple sugars

13



Topic 1 Core Practical (Biology) 

1.13(B) 14

Investigate the use of chemical reagents to identify starch, reducing sugars, proteins and fats.

None  Trace   Low Moderate High

To 2cm3 of test solution add an 
equal quantity of Benedict’s 
reagent. Shake and heat in a water 
bath at 95°C. The resulting colour 
change indicates the levels of 
reducing sugars present.

Benedict test for reducing sugars

Iodine solution turns blue 
black when starch is 
present

The Biuret test can be used to identify 
proteins. The test sample is mixed 
with NaOH and a few drops of dilute 
CuSO4 solution are added. Proteins 
will turn the resultant mixture purple,
the more protein, the greater the 
colour change.

To carry out the Emulsion test:
Add ethanol to the test material 

and shake (lipids are soluble in 
alcohol but not water). Pour the 
ethanol mixture into a test tube 
of water and shake again. If fats 
or oils are present the resultant 
will be a cloudy white emulsion 

(which will eventually precipitate out) 



Topic 1 Calorimetry (Biology)

1.14 (B) 15

The calorific (energy) value of food is found commercially using a 
bomb calorimeter. Here a known mass of the food is ignited and 
the subsequent temperature rise of the surroundings measured. 
A similar experiment can be carried out in the laboratory.

A known mass of food is placed on the end of a pin and ignited. 
The burning food is used to heat a known mass (volume) of water 
and the energy stored in the food found.



Topic 1 Transport across membranes

1.15

Diffusion:

Movement of molecules from an area of higher concentration to an area of 
lower concentration

Osmosis:

A special type of diffusion. The net movement of water molecules from  an 
area of higher concentration of water (dilute solution) to an area of lower 
concentration of water (concentrated solution) through a partially 
permeable membrane 

Active Transport:

Movement of molecules 
against a concentration 
gradient using energy

16
Investigate the effect of concentration on rate of diffusion

energy

partially permeable membrane 



Topic 1 Core Practical 

1.16  1.17 17

Investigate osmosis in potatoes Water passes from an area of high concentration to the 
next cell (low water concentration) by osmosis through a 
partially permeable membrane. 

In hypotonic solution, potato gains mass as water moves 
into the potato cells by osmosis. 

In hypertonic solution, potato loses mass as water moves 
out of the cells by osmosis.

Isotonic solution:
No net movement 
of water, no mass 
change.

Known masses of potato (as disks) are added to 
sucrose solutions of different concentration and left 
for some time. The potato is then removed from the 
solution, dried and re-weighed. The percentage 
change in mass is calculated.

This practical provides an opportunity to appreciate 
the need to control variable.



Mitosis: results in two daughter cells, each with identical sets of chromosomes
in the nucleus to the parent cell. This results in the formation of two genetically 

identical diploid body cells. Mitosis occurs during growth, repair and asexual reproduction.

Topic 2  Mitosis 

2.1  2.2  2.3  2.4

Cloning is an example of asexual reproduction that 
produces genetically identical copies

18

Interphase Prophase Metaphase Anaphase Telophase

Cancer is an example of uncontrolled cell division



Stem cells offer 
both benefits 
and risks, they can 
differentiate into any cell type 
but they can be rejected or become cancerous 
(uncontrolled cell division) and there are 
ethical issues with their use.

Topic 2 Growth 

2.5  2.6

Growth data is often expressed in terms of 
percentile charts:

As animals grow, the number of cells tend to increase, cells 
divide changing from embryonic stem cells and differentiating 
to more specialised cell types which then lose this ability to 
differentiate. Animals tend to grow to a maximum size.

Plants grow mainly by cell division and elongation. 
Many plant cells are able differentiate as they 
have stem cells in 
the meristem.

Growth is an increase in size, length and mass of an organism 

19



Topic 2 Stem cells 

2.8  2.9 20

Animals tend
Embryonic stem cells derive from embryos. These are 
unspecialised cells that have the ability to self-renew for long periods 
of time and differentiate into specialised cells with specific functions.

Stem cells or cells grown from stem cells can be used in medicine to 
replace ones lost through disease or injury. It is hoped that in the 
future they can be used, amongst other things, to treat diabetes, 
heart disease, vision and hearing loss. There are ethical issues 
associated with their embryonic origins.

Meristems are tissues found in plants where 
undifferentiated cells are found – usually where 
growth can occur. These cells can give rise to root and 
shoot tissue as well as regenerating damaged areas.



Topic 2 Brain structure (Biology)

2.10 (B)

Cerebral hemispheres:
The largest part of the brain. Centre of 
intelligence, memory, speech and 
consciousness.

Medulla Oblongata:
Centre for controlling 
respiration, circulation
and digestion.

Cerebellum:
Controls muscle functions. Also 
controls speech, thought, 
emotions, reading, writing, and 
learning.

21



Topic 2 Brain scans (Biology)

2.11 (B) (H) 22

CAT Scan
(Multiple slices)

PET Scan
(Positron Emission Tomography)

Positron emitting isotopes are carried to highly metabolising parts of 
the body, these include cancers. Positrons collide with electrons in the 
body and the gamma photons emitted are detected outside of the 
body using a gamma camera. These combined with the CT scan make 
the positions of cancers easy to identify.

Parts of the brain are difficult to 
reach using normal surgical 
procedures. CT scans (a series of 
x-ray slices) can be built up into a 
3D picture using a computer.



Topic 2 Brain CT and PET (Biology)

2.12 (B) (H) 23

CT and PET are used to position a tumour within the brain and 
there will then be a variety of methods of treatment available to 
the surgeon. 

As the nervous system does not regrow it is essential to limit the 
damage caused during treatments involving the brain, nerves or 
the spine.

Surgery requires holes to be cut to allow 
access to a tumour

Tumours can be bombarded with gamma 
rays, the rays can be concentrated on one 
spot (identified by CT & PET) but there 
will be associated damage.

Carriers can be used to transport 
radioactive isotopes to a site of high 
metabolism (cancer) but other highly 
metabolising sites will also be affected.

Surgery Chemotherapy

Radiosurgery



Topic 2 Central Nervous System

2.13

The C.N.S. consists of the brain and spinal                
chord, linked to sense organs by nerves.

Dendrites:
Dendrites collect 
electrical signals

Axon:
Axons pass the electrical signals onto other 
dendrites

Myelin sheath:
Signals pass down the dendrons and axons which are protected 
and insulated by a myelin sheath.

Receptors are specialised cells, usually in the sense organs, that detect changes in the environment. Stimuli such as 
touch, pressure, pain, chemicals, temperature or sound are turned into electrical impulses which pass along neurones 
to the CNS and the brain.

24Investigate human responses to external stimuli



Topic 2 Relay & Motor neurones

2.13  2.14

Sensory neurones: 
transmit impulses inwards 
from sensors

Relay neurones: within 
the CNS, pass on electrical 
impulses generated by the 
stimuli.

Motor neurones: transmit 
signals from the CNS to 
muscles and glands 
elsewhere in the body.

Myelin sheath protects 
and insulates nerve fibres 
and also increases the 

rate of transmission.

Sensory neurones:

Motor neurones:

Relay neurones:

25Investigate reaction times

dendron



Topic 2 Reflex arc

2.14 26Investigate the speed of transmission of electrical impulses in the nervous system



Topic 2 The eye (Biology)

2.15 (B) 27

Cornea and lens: 
Together these focus 
light onto the back of 
the eye – the retina

The iris: This opens and closes 
to adjust the amount of light 
entering the eye.

Rod and cone cells  
(in the retina): 
Rods are more numerous and 
more sensitive, but not to colour. 
Cones mediate colour. Colour-
blindness is a genetic condition 
resulting in faulty cones and hence 
a difficulty in differentiating colour.



Cataracts: 
A fogging of the lens often caused by excessive exposure to UV light can only be corrected by replacement of the lens.

Topic 2 Eye defects (Biology)

2.16 (B)  2.17 (B) 28

Short sighted: 
Image forms in front of the 
retina. Corrected using a concave 
lens to ‘spread out’ the light 

rays, moving the image back.

Far sighted: 
Image forms behind the retina. 
Corrected using a convex lens to 
bring together the light rays and 
move the image forward.



Topic 3  Reproduction (Biology)

3.1 (B)  3.2 (B)

Asexual:

The most common form of reproduction in some 
plants is asexual, by runners, side shoots, bulbs or 
tubers. Asexual reproduction generates individuals 
that are genetically identical to the mother plant 
(these are also known as clones)

The significant advantage of this is that there is no 
need to find a mate, a rapid reproductive cycle but 
no variation in the population.

29

Sexual:

Obviously there is a need to find a mate but this 
does result in a wider variety in the population.



Topic 3  Meiosis 

3.3

You do not need to know the stages of meiosis

Meiotic cell division: The production of four daughter cells (genetically 
different haploid gametes), each with half the number chromosomes.

30



Topic 3  DNA  

3.4  3.5

The DNA molecule (polymer) consists of two strands coiled to form a 
double helix.
These strands are linked by a series of complementary base pairs 
joined together by weak hydrogen bonds: 

A gene is a section of a molecule of DNA that 
codes for a specific protein.

The genome is the entire DNA of an 
organism

31

Nucleotides consist of a sugar and a phosphate group with one of 4 
different bases attached to the sugar.

The bases are: adenine (A) & thymine (T), cytosine (C) & guanine (G) 



Topic 3  Extracting DNA from fruit

3.6
32

Mash (or liquidise) the flesh of the fruit, this can be banana, kiwi, strawberry etc. 
Mashing breaks open some cells and provides a large surface area.

Mix with detergent, salt and water. Detergent dissolves the nucleus and cell 
membranes whilst Na+ ions (salt) break up the proteins attached to the DNA.

Mash again, the more you mash, the more DNA you will get. Heat to 60 
degrees for 15 minutes to continue the break down the proteins. 

Filter to remove bits

Gently poor ice cold alcohol down the side of 
the container to form a transparent layer on top.

DNA is insoluble in the cold alcohol and white 
strands in a jelly-like substance will start to 
precipitate out.

Extract the long coagulated strands of DNA.



Topic 3  Protein synthesis (Biology only) 

3.7 (B) (H)  3.8 (B) (H)

Transcription: mRNA is produced in the nucleus, it carries complimentary genetic 
information from the DNA to the ribosome. The mRNA carries specific triplets of 
bases (codons) that code for specific amino acids. RNA polymerase binds to non-
coding DNA in front of gene to produce complementary mRNA from coding strand

Translation: tRNA carries these amino acids to the ribosome where the amino acids 
link to form polypeptides in an order decided by the mRNA (or ultimately the base 

order of the DNA).

tRNA

33

The order of bases in a section of DNA therefore 
decides the order of amino acids in the protein. Each 
protein has its own specific number and sequence of 
amino acids, resulting ultimately in different-shaped 
molecules that have different functions, including 
enzymes. Gene mutations change the DNA base 
sequence, these mutations can be harmful, 
beneficial or neither.

Genetic variants in the non-coding DNA can affect phenotype by influencing binding of RNA polymerase and altering 
quantity of protein produced.



Topic 3  DNA genetic variants (Biology only) 

3.9 (B) (H)  3.10 (B) (H)
34

This non-coding DNA of a 
particular gene can have an 
impact on the expression of the 
gene (the phenotype) because it 
influences the binding of RNA 
polymerase, changing the 
quantity of protein produced.

Remember. Each protein has its 
own specific number and 
sequence of amino acids, 
resulting ultimately in different-
shaped molecules that have 
different functions. Therefore it 
is the change in this sequence of 
amino acids that can affect the 
activity of the protein produced.



Topic 3  Mendel (Biology only) 

3.11 (B)
35

Gregor Mendel was an Austrian 
monk in the 1800s (around the 
time of Darwin) who carried out 
the first major experiments in 
heredity.

Mendel hypothesised that each 
plant must have two inheritable 
factors for each characteristic –
one from each parent. Some 
characteristics (yellow peas for 
example) could only be 
observed if they inherited the 
same factor from each parent.

Whilst he didn’t know the terms 
gene and allele, these 
experiments gave the first 
indications of their existence.



Topic 3 Chromosomes, DNA, Genes

3.12  3.13

Made of protein and a single strand 
of DNA, chromosomes are thread-
like structures inside the nucleus. 
Genes are ‘sections’ of the DNA 
which can exist on each strand in 
alternative forms called alleles. 
Alleles may be dominant or recessive
and 
give rise to 
differences 
in 
inherited 
characteristics:

36

Dominant allele: Characteristics of this 
allele are expressed even when only 
one is present.

Recessive allele: Both recessive alleles 
have to be present for the 
characteristics to be expressed.

Gametes: are an organisms 
reproductive / sex cells

Zygote: When a sperm fertilises an egg 
the resulting zygote contains all the 
genetic information for the new 
organism.



Topic 3 Monohybrid inheritance

3.13  3.14

The allele for Brown eyes (B) is dominant, the allele for Blue eyes 
(b) is recessive.

Two identical alleles (BB or bb) are called homozygous, two  
different alleles (Bb) are called heterozygous

Genotype Phenotype Description

bb Blue eyes Homozygous 
recessive

BB Brown eyes Homozygous 
dominant

Bb Brown eyes Heterozygous

Genotype is the composition of alleles (BB, 
Bb, bb etc.) 

Phenotype is the observable characteristics 
(Blue / Brown eyes)

Heterozygous cross (Bb x Bb) will probably result in 25% Brown Homogenous (BB), 
50% Brown Heterozygous (Bb) and 25% Blue Homogenous (bb). Brown eyes 3:1.

37Investigate inheritance using suitable organisms or models



Topic 3 Monohybrid inheritance 2

3.14  3.15  3.16  3.19

Family pedigree:
Pedigree charts show which members of a family 
suffer from a disorder. Doctors then use the chart 
to analyse the probability of inheriting a disease.

38

X X

X XX XX

Y XY XY

The sex of an animal is 
determined at the time 
of fertilisation:

XX

XY
The outcome 
probability / chances 
are 1:1, 50% or ½ 

Remember. Most phenotypic features are the result of multiple genes rather than single gene inheritance



Topic 3 ABO blood (Biology only)

3.17 (B)  3.18 (B) (H)

Multiple alleles control the ABO blood group in 
humans. The A and B alleles are co-dominant 
to each other whilst the O allele is recessive:

39

Haemophilia is an example of a sex-linked genetic disorder:

Example:
a) where the father carries the affected gene
b) Where the mother carries it

Colour blind too:



Topic 3 Continuous / Discontinuous

3.20

Continuous:

No distinct 
Category

Wide variation

Discontinuous:

Distinct category

Fewer genes

Unaffected by 
environment

Causes of variation that influence phenotype:
Genetic variation - Different characteristics as a result of mutation and sexual reproduction
Environmental variation – Different (acquired) characteristics caused by an organism’s environment

40Investigate the variations within a species to illustrate continuous variation and discontinuous variation



Topic 3 Human Genome

3.21 41

The human genome project has successfully 
identified the 3.2 billion base pair that make 
up  some 20,500 genes in the DNA of the 23 
chromosomes in humans.

Potentially the mapping of the 
genome will allow doctors in 
future to deal with possible 
diseases proactively as the 
genome could reveal which 
genetic diseases you might 
develop in later life and which 
medicines, tailored to your 
genetic makeup, are right for you.

The genome cannot help with issues such as diet, lifestyle 
and environment exposure but even here there is still 
some genetic link.



Topic 4 Darwin & Wallace 

4.1(B)

Variation – most populations of organisms contain individuals which vary slightly from one to 
another

Over-production – most organisms produce more young than will survive to adulthood

Struggle for existence – because populations do not generally increase rapidly in size there 
must therefore be considerable competition for survival between the organisms

Survival - those with advantageous characteristics are more likely to survive this struggle

Advantageous characteristics inherited – better adapted organisms are more likely to 
reproduce successfully passing on the advantageous characteristics to their offspring

Gradual change – over a period of time the proportion of individuals with the advantageous 
characteristics in the population will increase compared with the proportion of individuals with 
poorly adapted characteristics, and the poorly adapted characteristics may eventually be lost 42

(Theory of evolution by natural selection)



Topic 4 Emergence of resistance

4.2  4.3

Darwin’s Theory and DNA studies help 
explain the emergence of resistance such 
as the spread of resistance to antibiotics.

This also occurs in microorganisms (drug 
resistance in bacteria) and can even be 
seen in rats that have developed a 
resistance to the poison Warfarin.

43



Topic 4 Fossil record 

4.4  4.5

Fossils that can be dated show clear evidence of 
evolution. There is still much to be found and some 
things, like soft tissue are rarely found, hence there 
are gaps in the fossil record. Stone tools can be dated:

Ardi (4.4 million years ago)
Fossilized female skeleton neither chimp nor human 
but more closely related to humans. Possibly bipedal

Lucy (3.2 million years ago)
Female human-like, walking upright (bipedal) – the 
ability to walk upright is closely related to changes in 
the back of the skull, at the top of the spine.

(Turkana / Nariokotome Boy) Leakey (1.6 million years 
ago). Male Homo erectus using stone tools. The first 
species to spread widely throughout Africa and Asia

44

Early human evolution is closely matched to stone tools found in the same locations and these can often be dated 
form their environment – things like radio carbon dating of wood in handles and fire pits, pollen records etc.



Topic 4 Fossil record (Biology) 

4.6 (B)

The pentadactyl limb, 
with 5 fingers, is 
common to most four 
limbed creatures -
humans, mammals, 
birds, dinosaurs, other 
reptiles and amphibians. 

This consistent feature is 
seen as evidence of a 
common ancestry. 

Darwin noted this in his 
Origin of Species.

45



Topic 4 Domains / Kingdoms 

4.7

Animalia: multicellular, do not have cell walls, do not have chlorophyll, feed 
heterotrophically (cannot synthesise its own food)

Plantae: multicellular, have cell walls, have chlorophyll, feed autotrophically
(uses light or chemical energy)

Fungi: multicellular, have cell walls, do not have chlorophyll, feed 
saprophytically (derives nourishment from dead or decaying organic matter)

Protoctista: unicellular, have a nucleus

Prokaryotes: unicellular, have no nucleus

Viruses not 
classified as 
these are 
‘non living’

46

Genetic analysis has led to a change from the 5 kingdom method of classification to a three domain method. 
The old Kingdoms:

Have been replaced by 3 domains (classified based upon the RNA):

Eukaryotes (membrane bound organelles). Bacteria (single-celled without nuclear membranes i.e. bacteria) and 
Archaea which are basically similar but largely exist in extreme environments. Eukaryotes and Archaea have 
unused sections of DNA , Prokaryotes do not.



Topic 4  Tissue culture (Biology)

4.9 (B) 47

Tissue culture is a technique of growing cells, tissues, 
organs or whole organisms in vitro (in glass) on 
artificial culture medium under aseptic and 
controlled conditions. These cultures are used for 
plant research and often for the commercial 
production (propagation) of many plants of 
the same genetic background.

Animal tissues can be cultured and the cultures used for 
medical research. This means the effectiveness of many 
drugs can be tested / developed without experimenting on 
embryos or entire organisms,



Topic 4  Selective breeding

4.8  4.10  4.14

Specific characteristics are selected and the 
‘best’ of the offspring are bred to obtain the 
desired 

Inbreeding maintains the traits of the breed but 
can be risky as it increases the chances of 
recessive or damaging trends coming together.

Dogs have been selected for traits we find 
attractive, not traits that help them to survive 
(Bulldogs now are unable to give birth without 
caesarean section and many other breeds have 
become increasingly susceptible to disease)

48



Topic 4  Genetic Engineering 

4.10  4.11 (H)  4.14

Genetic engineering involves 
the removal of a gene from the 
DNA of one organism and the 
insertion of that gene into the 
DNA of another. For example, 
special bacteria can have a 
human gene inserted allowing 
them to manufacture insulin 
that can be used by Diabetes 
sufferers. The plasmid 
carries the gene in so 
acts as a vector.

Easy to grow, genetically modified Golden Rice contains beta carotene 
which helps to reduce vitamin A deficiency and to prevent blindness 
in children in areas of Asia and Africa. There is though a risk that high 
dependency on one crop will reduce biodiversity in these areas and 
some widely respected organisations, such as Greenpeace, are 
strongly opposed to the introduction of any GM organisms.

Herbicide resistant crops 
allow non-specific sprays to 
be used to control weeds. 
However, there are concerns 
that sprays will be used more 
often, that the weeds too will 
become resistant and that 
there will be negative 
impacts on wild plants and 
biodiversity of farming.
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Plasmid cut by restriction 
enzyme (sticky ends)

Human gene for 
insulin production 
inserted into 
plasmid using ligase



Topic 4  GM (Biology)

4.12 (B)  4.13 (B)

Corn plants can be modified by inserting the Bacillus 
thuringiensis gene into the crop. 

Bacillus thuringiensis produces a toxin which kills 
the European corn borer.
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Insect killing genes are an example of genetic engineering 
to produce GM organisms. The advantage of killing a 
specific pest and the reduction in use of pesticides are 
obvious but the long-term impact on the food chain will be 
less well defined and there may be unmeant consequences.

The human population is growing. Fertilisers can increase 
crop yields but pollute rivers and lakes. Biological controls 
(ladybirds and aphids) are often more successful.



Topic 5  Health

5.1  5.2  5.3  5.4

Health is described as a state of complete 
physical, mental and social well-being, not 
merely the absence of disease or infirmity 
(as defined by the World Health 
Organisation) 

Non-communicable diseases are non-
infectious and non- transmissible. Examples 
might be cancer, diabetes or asthma
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Communicable diseases, also 
known as infectious or 
transmissible diseases, are 
illnesses that result from the 
infection, presence and 
growth of pathogenic (capable 
of causing disease) biological 
agents in an individual

The presence of one disease, 
reducing the effectiveness of the 
bodies defences, can lead to a 
higher susceptibility to other 
diseases.

Pathogens are disease-causing 
organisms, including viruses, 
bacteria, fungi and protists



Topic 5 Pathogens

5.5  5.6

Pathogens cause infectious diseases including:
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infection pathogen results in

water Cholera bacteria Diarrhoea

Airborne Tuberculosis bacteria lung damage

Animal 
vectors

Malaria protists damage to blood and liver

Oral Helicobacter bacteria stomach ulcers

Body fluids HIV virus destroys white blood cells 
leading to AIDS

Ebola virus causes haemorrhagic fever

Airborne Chalara fungi Chalara ash dieback



Topic 5 Lifecycle of virus (Biology)

5.7 (B) 53



Topic 5 Sexually Transmitted Infection

5.8 54

Chlamydia is spread by sexual contact. The use of 
condoms is the only effective way of preventing 
this sexually transmitted bacterial disease.

The most common methods of transmission of HIV 
virus are:

HIV is not transferred by:

Insect bites       Toilet seats           Kissing        Sharing cutlery       Teaching



Topic 5 Plant defence (Biology)

5.9 (B)  5.10 (B) 55

Plants have a number of physical barriers that 
help them defend themselves against attack from 
pests and pathogens. 
These include:

Waxy leaf cuticle
Tough cell wall
Leaf hairs
Barbs and thorns
Sticky gums and resins
Hard covering for seeds

Similarly there are a number of chemical defences 
which not only protect against pests and pathogens 
but can be used to human disease and to relieve 
symptoms. Some are always there, others 
produced only when needed.

Plants used as medicine include
Foxglove – heart disease (digitalis)
Willow bark – pain killer (asprin)
Fever tree – malaria (quinine)
Aloe – burns (glycosides)
Poppy – pain killer (opium)
Cannabis – pain killer

Investigate antimicrobial properties of plants



Physical barriers:
The human skin forms a physical outer 
barrier

Whilst inside the body a mucus layer on 
the surface of cells traps particles in the 
respiratory tract which are then wafted out 
by cilia on the surface 

Topic 5 Protection against pathogens

5.12

Chemical barriers:
Pathogens need to get
inside the body to spread
infection. Once they are
inside they will find ideal
conditions. However, the 
hydrochloric acid in the 
stomach kills micro-organisms 
and provides some protection
against salmonella and other 
harmful bacteria.

Lysozymes in tears, saliva, human 
milk, mucus and even perspiration  
are enzymes that can damage the 
cell walls of bacteria
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Topic 5 Antibiotics

5.16  5.20

Antibiotics:
These substances inhibit cell processes in the 
bacterium but not the host organism. They do 
not work against viruses. 

Failure to complete a course of antibiotics or 
increased exposure through 
the food we eat can lead 
to resistant strains 
of bacteria.
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The process of developing medicines, including 
antibiotics, has many stages including discovery, 
development, preclinical and clinical testing



Topic 5 Culturing (Biology)

5.17 (B)  5.19 (B) 58
Investigate the conditions affecting growth of microorganisms (using resazurin dye)

Autoclaves, using high pressure and 
very high temperatures are used to 
sterilise petri dishes and to prepare 
sterile growth media.

Inoculating loops are placed in a flame 
slowly from base to tip to sterilise 
them and these are then used to 
(inoculate) transfer microorganisms to 
the petri dishes or vials. 

Carried out near the Bunsen so that 
the up draught will carry away 
unwanted microorganisms/

It is important that 
petri dishes and vials 
are kept covered to 
prevent the escape of 
potentially dangerous 
microorganisms.



Topic 5 Core Practical (Biology) 

5.18 (B)  5.17 (B)  5.19 (B) 59

Investigate the effects of antiseptics, antibiotics or plant extracts on microbial cultures

Light the Bunsen. 
Work underneath.

Sterilise an inoculating 
loop in the Bunsen flame.

Remove the cap from the 
bottle containing bacteria, 
pass the neck of the bottle through the 
flame 2-3 times.

Dip the inoculating loop in 
the bacteria and spread it 
evenly across the agar plate.

Flame the bottle again and replace the lid

Place the inoculating loop in antiseptic

Cover the agar plate

Having made sure that the petri dish is evenly inoculated 
with bacteria, place various small discs that have been 
previously soaked in antiseptic, antibiotic and plant 
extracts evenly across the surface.

It tweezers are used to transfer the discs, the tips should 
be dipped in alcohol and the passed through the Bunsen 
flame.

All lids should be replaced promptly and not taken off 
again.

Petri dishes are then 
left in a warm 
incubator and the 
area of the zone of 
inhibition can 
subsequently be 
calculated using π r2. 



Topic 5 Monoclonal antibodies (Biology)

5.21 (B) (H)  5.22 (B) (H) 60

Usually a mouse is immunized and lymphocytes then produce antibody-producing B cells

The spleen is removed and cultured to release these B cells and other non antibody producing cells

The two types of cell released are encouraged to 
fuse forming hybridoma cells.

Individual Hybridoma cells are then cultured 
(monoclonal - from a single clone) to produce the 
desired antibodies as they divide.

Pregnancy tests rely on these 
monoclonal antibodies which 
bind to a hormone produced in 
the early stages of pregnancy

Monoclonal antibodies, carrying markers that doctors can see, can be 
made to bind to very specific antigens on blood clots or cancer cells 
and hence highlight any build up of these cells.

Similarly, rather than carrying a marker, in theory, they can carry other 
drugs or radioactive substances and, because they bind only to specific 
antigens, healthy cells can be left unaffected.



Topic 5 Non-communicable diseases

5.23  5.24 61

Many non-communicable diseases are caused by the interaction of a number of factors. These include cardiovascular 
diseases, many forms of cancer, some lung and liver disease and diseases influenced by nutrition. Lifestyle factors 
have a significant impact on these non-communicable diseases

BMI is defined as a person’s weight (kg) divided by the square of their height (m2) with ‘normal’ for over 20 years old 
being  18.5–24.9. It was developed as a risk indicator of obesity which is closely linked to cardiovascular disease, high 
blood pressure, osteoarthritis, some cancers and diabetes. All of these risks can be reduced by exercise and diet. 

Malnutrition often results in vitamin deficiency diseases such as Rickets (vit D) and Scurvy (vit C) but can even relate to 
too much of the wrong ‘type’ of food.

Liver disease can be 
caused by excess alcohol 
consumption

Cancers, lung and 
cardiovascular 
diseases are 
common in smokers



Topic 5 Cardiovascular disease

5.23  5.25 62

Coronary heart disease is one of the biggest killers in 
the UK and worldwide, accounting for over 70,000 
deaths in the UK each year.

Coronary heard disease is what happens when your 
heart’s blood supply is blocked or interrupted by a 
build up of fatty substances in the coronary arteries.

This can be caused by lifestyle factors such as 
smoking, high cholesterol, high blood pressure and 
diabetes.

Coronary heart disease can be treated in a number of ways: 
• Life-long medication, such as warfarin to thin the blood / reduce blood pressure or insulin to treat diabetes
• Surgery to implant stents to open up blood vessels or even heart replacement
• Lifestyle changes such as not smoking, a better diet and more exercise.



Mathematical skills
Code The following mathematical skills will be tested Notes / context

1a Recognise and use expressions in decimal form Calculation throughout

1b Recognise and use expressions in standard form Evolution only (?)

1c Use ratios, fractions and percentages Calculation throughout

1d Make estimates of the results of simple calculations Microscopes cardiac stem cells CT scan (B)

2a Use an appropriate number of significant figures Microscopes, calorimetry (usually 3 s.f.)

2b Find arithmetic means Osmosis practical

2c Construct and interpret frequency tables and diagrams, bar charts and histograms Enzymes eye (B) genetics BMI disease practicals

2d Understand the principles of sampling as applied to scientific data Disease & immunisation (inc B) BMI CT scan (B)

2e Understand simple probability Genetics

2f Understand the terms mean, mode and median Practicals – pH osmosis antiseptics

2g Use a scatter diagram to identify a correlation between two variables BMI CNS disease

2h Make order of magnitude calculations Microscopes

3b Change the subject of an equation Microscope practical BMI

4a Translate information between graphical and numeric form Practicals evolution population genetics disease & 
immunisation

4c Plot two variables from experimental or other data Practicals BMI CNS population disease & 
immunisation

5c Calculate areas of triangles and rectangles, surface areas and volumes of cubes. Pests (B) disease (HB) antibiotics πr2



Glossary
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Key term Definition

Mitochondria The organelle where the reaction of respiration occurs

Cellulose The material that makes up plant cell walls

Chlorophyll
Green chemical in chloroplasts that absorbs energy from sunlight used in 

photosynthesis

Electron 

Microscope

Instrument that magnifies a specimen using a beam of electrons (rather than 

light)

Plasmid A circle of DNA only found in bacterial cells

Flagella
Whip-like protein structures found on the outside of bacteria  used for 

movement

Ribosome Used in protein synthesis (making proteins)

Acrosome Found on the head of the sperm. Contains enzymes to digest the egg cell coat

Haploid Only contains half the normal number of chromosomes

Ciliated 

epithelial cells

Found in our airways. The cilia sweep hair, mucus, trapped dust and bacteria up 

to the back of the throat where it can be swallowed. 

Millimetre 1/1000th of a metre. 1000 micrometres. 10-3

Micrometre 1/1000th of a millimetre. 1000 nanometres. 10-6

Nanometres 1/1000th of a micrometre. 1000 picometres.     10-9

PIcometres 1/1000th of a nanometre. 10-12

Key term Definition

Active site Site on enzyme molecule that has specific shape that holds substrate

Fatty acids and 

glycerol
The two parts of a lipid/ fat. 

Amino acid A small molecule that is the building block of protein

Substrate The substance that is changed by an enzyme in a chemical  reaction

Carbohydrase Enzyme which catalyse the breakdown of carbohydrates to sugar

Denature To break down or change shape, as proteins denature with excess heat

Enzyme
Protein molecule made by cells which speeds up the rate of a reaction 

(catalysts) 

Fat Chemicals used to store energy in organisms

Lipase Enzyme that digests fats into fatty acids and glycerol

Lock and key 

hypothesis

An idea that helps to explain how enzymes works by showing the relationship 

between an enzyme molecule and its substrate

Protease Enzyme which digests protein to amino acids

1. Cells 1. Enzymes



Glossary
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Key term Definition

Active transport Movement of molecules against concentration gradient  using energy

Concentration 

gradient

When a solute is gradually increasing concentration from one area to another

Partially 

permeable 

membrane

A thin sheet of material that will allow some molecules (eg.water) to diffuse 

through but not larger ones

Osmosis Movement of water from high water concentration to low water concentration 

through a partially permeable membrane. 

Diffusion Movement of particles from an area of higher concentration to an area of lower 

concentration. 

Key term Definition

Diploid A cell that has two sets of chromosomes

Mitosis Division of parent cell that produces two  identical diploid cells

Prophase Chromosomes condense, spindle fibres form, nuclear membrane breaks down

Metaphase Chromosomes  line up down the middle, held in place by spindle fibres

Anaphase Sister chromatids are pulled apart to opposite ends of the cell

Telophase Nuclear envelope starts to form around each set of chromosomes 

Cytokinesis The original cell splits into two daughter cells

Key term Definition

Dendrites Parts of neurone that receive impulses from receptors/ other neurones. 

Dendron Carries the impulse past cell body to axon. 

Axon Carries the impulse to the end of the neurone. 

Myelin sheath Fatty layer that insulates the neurone and allows impulse to be carried faster. 

Synapse Gap between two neurones. 

Neurotransmitter Chemical that carries message across synapse. 

Stimulus Changes that you detect in your surroundings. 

Sensory neurone Carries impulses from receptors to Central Nervous System. 

Relay neurone Short neurones found in the spinal cord. They link sensory and motor neurones. 

Motor neurone Carries impulses to effectors (so that we respond). 

Effector Carry out actions (e.g. muscles and glands). 

Cerebellum Controls muscle functions

Cerebral 

hemispheres

Each of the two parts of the cerebrum (left and right) in the brain. Controls 

thought, memory, speech and voluntary movement. 

Medulla 

Oblongata

The base of the brain and top of the spinal cord. Controls automatic processes 

such as breathing. 

Cornea and lens Focus light onto the retina

Iris Opens and closes to adjust the amount of light entering the eye

CAT scan (B) Builds a 3D picture using a computer

PET scans (B) Show metabolically active parts of the brain

1. Transport across membranes

2. Cell division

2. Nervous system



Key term Definition

Asexual Reproduction (B) The formation of a new individual , without fertilisation, using mitosis to create offspring identical to the parent

Sexual Reproduction (B) The formation of  a new individual by the fertilisation of a  female gamete (egg cell) by a male gamete (sperm cell)

Zygote A fertilised egg cell

Meiosis The process of cell division of the parents cells that produces genetically different haploid cells

Stem Cell An unspecialised cell that can divide to produce more stem cells or different kinds of specialised cells

Differentiate To specialise  / develop into different kinds of cells

Gene A section of DNA that codes for a specific protein

Bases These link the two strands of the DNA double helix. There are four: Adenine / Thymine / Guanine / Cytosine. 

Hydrogen Bonds The weak intermolecular bonds that form between the bases

HGP Human Genome Project: International collaborative effort to sequence the entire human genome

Genome All of the genetic information of an organism (stored in each cell of that organism)

Allele Different forms (or variants) of a gene.

Dominant Allele Allele that will always have an effect

Recessive Allele An allele that will only have an effect if the other allele is also the recessive one.

Genotype The alleles of a particular gene possessed by an organism

Phenotype The characteristics of an organism (usually they can be seen)

Homozygous If both alleles of a characteristic are the same, the organism is homozygous for that characteristic

Heterozygous If both alleles of a characteristic are different, the organism is heterozygous for that characteristic

Codominance (B) Alleles that are equally strong and both show up in the phenotype (e.g. in ABO blood groups)

Domain A level of classification above Kingdom. The domains are Bacteria, Archaea and Eukaryota. 

Sex –linked disorder (B) Diseases inherited with either the X or Y chromosome. (E.g. haemophilia defect is on the X chromosome)

Pentadactyl limb (B) A limb with five digits which are found in many vertebrates and suggest that many species evolved from one common ancestor. 

Glossary3 /4 DNA & Genetics
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Key term Definition

Transcription (B) The creation of a strand of mRNA by complementary pairing of bases with a strand of DNA in the nucleus

mRNA (B) “Messenger Ribose Nucleic Acid”: the molecule formed by the process of transcription

Codon (Base Triplet) (B) A group of 3 bases that code for a particular amino acid

tRNA (B) “Transfer RNA”: a small RNA molecule that brings the correct amino acid to the ribosome for protein synthesis

Tissue culture  (B) Growth of tissues or cells taken from an organism

Selective breeding
The process by which humans use breeding to selectively develop particular characteristics by choosing which animal or plant 

males and females will sexually reproduce and have offspring together. 

Genetic Engineering The process of removing a gene from one organism and inserting into the genome of another organism

Beta-Carotene (B) The chemical from which the body makes Vitamin A

Bacillus thuringiensis (B)
A bacterium that produces a substance that is toxic to insects that destroy crops. Some crop plants have been genetically 

modified with a gene from this bacterium.

Restriction enzymes An enzyme that cuts DNA into pieces

Sticky ends A length of DNA with only one strand, that will easily join with other pieces

Ligase The enzyme used to join up the backbone of DNA and so insert a new gene in genetic engineering

Vector A ‘go-between’ used in genetic modification, to transfer the  genes from one cell to another.

Glossary3 /4 DNA & Genetics cont.

Key term Definition

Communicable disease A disease that can be transmitted from one person to another

Pathogen Microorganism that causes disease

Cholera Bacterial infection spread by drinking contaminated water. Symptoms include diarrhoea and dehydration

Salmonella Bacteria which cause food poisoning

HIV Virus carried in body fluids that causes HIV

5 Disease
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Key term Definition

Vector Animal that spreads disease e.g. Anopheles mosquito carries the protozoan that causes malaria

Health A state of complete physical, mental and social well-being

Tuberculosis A bacterium that causes lung disease

Malaria A disease cause by a protist. Causes damage to blood and liver. Carried by animal vectors (Anopheles mosquito)

Ebola Caused by a virus and passed in body fluids. Causes haemorrhagic fever.

Chalara Ash Dieback Caused by a fungus and is airborne. Causes leaf loss and bark lesions. 

Stomach ulcers Caused by Helicobacter bacteria and passed via oral transmission (in mouth). 

Chlamydia Caused by a bacterium and is a sexually transmitted infection. 

Lytic pathway (B) A form of virus reproduction. The lytic cycle results in the destruction of the infected cell and its membrane. 

Lysogenic pathway (B) A form of virus reproduction. The virus inserts its genetic information into the genome of a bacterium. 

Antigens Chemical markers on the surface of cells

Antibodies Produced by lymphocytes to attach to antigens on pathogens

Memory lymphocytes White blood cells which remain in the body for a long time and ‘remember’ a  specific antigen. 

Secondary response When a pathogen enters the body again and the immune system has a quicker response. 

Immunisation Injecting dead or inactive micro-organisms into the body to trigger an immune response and produce memory lymphocytes. 

Preclinical testing The testing of a drug, procedure or other medical treatment in animals before trials may be carried out in humans. 

Clinical testing A type of research that compares one treatment with another. It may involve   patients or healthy people, or both. 

Culture medium (B) Agar jelly contains all the nutrients bacteria need to grow (or culture) bacteria

Inhibition zone (B) Area on the agar where bacteria were unable to grow

Monoclonal antibodies(B) Many identical antibodies. Used in pregnancy tests and the identification and treatment of some cancers.

Carcinogen Cancer causing chemicals. 

Cirrhosis Liver disease. A long term effect of heavy drinking. 

Glossary5 Disease cont.
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