Triple Biology GCSE AQA
Summary

Prokaryotes (Bacteria)
Contain genetic material but no defined nucleus or other
membrane bound organelles.
The cell membrane forms the boundary of the cell,
controlling what gets in and out.
Prokaryotes contain small ribosomes for protein synthesis
and may also have other structures such as specialised cell
walls, flagella and slime capsules.
There may be one or more small rings of DNA known as
plasmids.
Bacteria reproduce very quickly, allowing them to adapt
rapidly to their environment through the process of
natural selection.
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Eukaryotes (Animals, Plants and Fungi)

10x larger than Prokaryotes ,Eukaryotes have a defined nucleus and membrane-bound organelles.
Most animal cells have a nucleus containing DNA, cytoplasm, a cell membrane for controlling what goes
in and out, mitochondria for energy , and ribosomes for protein synthesis.
In addition to the above, plant cells usually have chloroplasts containing chlorophyll for photosynthesis,
and a permanent vacuole filled with cell sap.
Plant and algal cells also have a cell wall made of cellulose, which strengthens the cell.
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Eukaryotic cell specialisation
Eukaryotic cells arose later than bacteria and have more complex structures.
These cells make multi-celled organisms: animals (including humans), plants and fungi.
Fungi and plants look similar, but they are not closely related. In fact, research has found that animals have a more recent common
ancestor with fungi than with plants, and the mushrooms in your salad are more closely related to humans than to the lettuce!
Eukaryotic cells show specialisation dependent on their function within the multicellular organism.
Plant cells only differentiate when in their final position in the plant. Unlike animals, differentiation in plant cells is NOT permanent.
Plant cells retain the ability to re-differentiate and become a completely different type of cell.
It is this fact that allows us to produce large number of plants by taking cuttings or using plant tissue culture .

Red blood cells
Xylem
Hollow to carry water and form long tubes
Contain no cytoplasm or nucleus
Walls strengthened by cellulose and lignin.

Phloem
Carry sucrose
Contain cytoplasm but no nucleus
Many cells joined end to end, the end walls
forming sieve plates

Small diameter but large surface area.
No nucleus.
Contain haemoglobin which allows the cell to
carry oxygen.

Sperm cells
Large nucleus and many mitochondria
Contain digestive enzymes.
Have a tail for movement

Nerve cells

Root hair cells
A thin cell wall and large surface
area.
Absorb water from the soil

Long and thin.
Form connections with other neurones.
Can carry electrical impulses in one
direction.

Muscle cells
Elongated.
Contain many mitochondria.
Can contract to allow movement.

Most of the cells in eukaryotes are differentiated – specialised to
carry out particular jobs.

Stem cells are very important cells that remain undifferentiated.
This means stem cells can divide and change into many different
types of cell when they are needed.
Human stem cells are found in embryos and some adult tissues
Eg. bone marrow

Plant stem cells are
involved in growth
and repair processes
in the trunk and
roots.
For this reason they
are concentrated in
the roots and buds .

Plant stem cells are found in meristem tissue

When an egg and sperm fuse at fertilisation, they form
a single cell (zygote).
The zygote undergoes mitosis (cell division) to form a
hollow ball of cells called an embryo.

The inner cells of the embryo are the stem cells that
eventually give rise to all the different types of cell in
your body.
Embryonic stem cells have two important properties:

Adult bodies only contain small numbers of stem cells
e.g. stem cells in bone marrow can differentiate to form
all the different types of blood cell

Scientists now think that small numbers of stem cells
may be found in most of the different tissues in the
body (e.g. brain, muscle, liver) so that they can
maintain and repair the tissue in which they are found

1)

they can divide and grow indefinitely

Adult stem cells have more limited properties than
embryonic stem cells:

2)

they have the potential to become any type of
cell in the body.

1)they have a limited, though extensive, ability to
divide and grow

Embryonic stem cells
are found inside early
human embryos.

They can be
harvested from
unwanted embryos
produced during IVF
treatments.

2)they can differentiate to form a limited range of cell
types because some of their genes have already been
switched off
These makes adult stem cells
are more specialized and more
limited than embryonic stem
cells.
Adult stem cells can only
differentiate to form certain cell
types.

▪

Problem – many illnesses/deaths caused when a particular
part of the body stops working
e.g. paralysis due to spinal nerve
injury

▪

1998 – discovery of embryonic stem cells that could
differentiate into other types of cell

▪

Scientists hope to use embryonic stem cells to produce
replacement cells, tissues and organs for transplant.

▪

Scientists are now trying to understand how embryonic
stem cells differentiate so they can learn to control this
process.

Adult stem cells are tissue specific – this means they can
only differentiate into a limited range of cell types (e.g. bone
marrow stem cells differentiate to form blood cells)
Scientists are working on a new technique called therapeutic
cloning.
This involves using cells from an adult person to produce an
embryo of themselves.
The embryo would provide a source of perfectly matched
stem cells for the adult.

parent
cell
▪

In mitosis, all the chromosomes in the nucleus of a cell are
copied (replicated).

▪

The chromosomes line up in the middle of the cell and the
nucleus of the cell breaks down.

▪

The chromosomes separate and the cell divides into two
daughter cells.

▪

The two new cells contain identical chromosomes as each
other and as the parent cell.

daughter
cells

▪

Gametes only contain 1 set of 23 chromosomes.

▪

This means that when the egg and sperm join together, the zygote formed has 2 sets of 23
chromosomes (46 in total).

▪

If body cells contain 23 PAIRS of chromosomes, how are gametes containing 23 SINGLE
chromosomes produced?

▪

A second type of cell division – meiosis – is required for the production of gametes

.

▪The type of cell division and method of reproduction an organism uses
affects how much variation is observed in the offspring:
Asexual Reproduction
✓1 parent

✓Cell division = mitosis (creates identical cells)
✓No variation in genetic material
Sexual Reproduction
✓2 parents
✓Cell division = meiosis (DNA exchanged between
chromosome pairs so every gamete is different)
✓Fertilisation = mixes DNA from two different parents
✓Offspring show variation due to mix of DNA inherited

parent
cell

4 daughter cells
chromosome number halved

▪

The cells of the body are like chemical factories.

▪

Hundreds of chemical reactions are taking place in the cells all the time; e.g. respiration.

▪

The rate at which the chemical reactions in cell takes place has to be carefully controlled.

▪

Chemical reactions only take place when particles collide.
The chemical reactions that take place in living cells are controlled by special molecules called enzymes.

▪
▪

Enzymes act as catalysts – they lower the activation energy of a reaction so that less energy is needed in order to make
the particles react.

▪

Enzymes are often called biological catalysts. Enzymes are large protein molecules which fold up into complex 3dimensional shapes
Every chemical reaction that takes place in the body needs its own special type of enzyme.

▪

Enzymes are involved in 3 main types of reaction:

▪

1.building large molecules from many smaller ones
2.changing one molecule into another
3.breaking down large molecules into smaller ones

▪

The 3-D shape of an enzyme allow it to bind together with its
substrate (reactant).

▪

The 3D shape of the enzyme and the 3D shape of the substrate fit
together like a lock and a key.

▪

This is why every reaction requires its own particular enzyme.

▪

The part of the enzyme that binds to the substrate is called the
active site.

▪

Binding of the enzyme and substrate forms an enzyme-substrate
complex.

▪

Once this complex has formed, the reaction takes place very
quickly.

▪

The products are released from the active site of the enzyme,
which is then free to bind to another substrate.

B
20oC

The rate of reaction increases with the increase in
temperature.
The enzyme and substrate particles gain energy
and move faster as the temperature increases, so
this makes them more likely to collide with enough
energy to react.

B.

Optimum temperature – this is when the reaction
works as fast as possible (most enzymes: 20-40
oC).

C.

The active site on the enzyme has changed
shape.The enzyme is denatured and stops working.

Rate of reaction

A.

40oC

A

C

Temperature (oC)

Temp

A.

Every enzyme works best at an optimum pH.
examples:

A

pepsin (digests proteins in the stomach) = pH 1-2

B.

If the pH is too acidic or too alkaline, the active site
is altered and so the enzyme is denatured and
stops working.

Rate of reaction

pancreatic amylase (digests carbohydrates in the
small intestine) = pH 8

B

B

pH

pH

All cells derive energy from food molecules by the process of respiration. This may be aerobic or
anaerobic.
Aerobic respiration involves the complete oxidation
of glucose to carbon dioxide and water

Anaerobic respiration occurs when the lungs and heart cannot work fast enough to supply the oxygen
needed
Anaerobic respiration does not use oxygen and involves the incomplete breakdown of glucose to lactic
acid and far less energy.
The lactic acid accumulates in muscles and makes then sore. After vigorous exercise rapid breathing
and heart rate occurs
This provides more oxygen to the muscles where it helps to break down lactic acid to carbon dioxide
and water
This is known as excess post-exercise oxygen consumption (EPOC)
The recovery period is the time taken to remove lactic acid and for breathing and heart rate to return
to normal.

Transport systems

Transport systems

▪

Cells need to take in substances such as glucose and oxygen and they need to get rid of waste
products such as carbon dioxide.

▪

Dissolved substances pass in and out of cells across the cell membrane.

▪

There are 3 processes that allow substances to be transported into and out of cells: Diffusion,
Osmosis and Active transport

1. Diffusion
The random movement of
particles results in substances
spreading out or diffusing
FROM an area of higher
concentration TO an area of
lower concentration.

▪

▪

▪

The difference between the
concentration of the two
solutions is called the
concentration gradient.
The greater the difference the
greater the concentration
gradient… so the faster the rate of
diffusion.
As the temperature goes up, the
particles gain energy so they
move faster.

This process happens
automatically –
NO energy is needed.

▪

Simple molecules like glucose and amino acids need to pass from
your gut into your bloodstream.

▪

Oxygen needs to pass from your lungs into your red blood cells.

▪

These substances all move through diffusion.

▪

Some cells and tissues need to create a large surface area to
maximise diffusion.

2. Osmosis
Osmosis is the movement of
water FROM a high water
concentration (dilute solution) TO
a low water concentration
(concentrated solution) through a
partially permeable membrane.

This process happens automatically –
NO energy is needed.

We say that cell membranes are partially-permeable – this means that they let some things
pass across but not others.
Small molecules like water, glucose, oxygen and CO2 can pass across the cell membrane.

Large molecules like sucrose, starch and proteins cannot pass across semi-permeable
membranes because of their size.

3. Active transport
▪

Diffusion and osmosis both involve the movement of substances from an area of
high concentration to an area of low concentration.

▪

Sometimes, it is necessary to transport substances in the opposite direction
ie. From an area of LOW concentration TO and
area of HIGH concentration.

▪

Movement of particles in this way does not happen naturally – a cell has to force it
to happen.

▪

This means the cell has to put in energy to pull the substance against its
concentration gradient.

▪

The only way you can do this is to use energy produced by respiration.

▪

Active transport requires the use of special proteins that sit in the cell membrane.

Low concentration
outside cell

Concentration
gradient

High
concentration
inside cell

Humans have double circulation
In one journey around your body, your blood visits your heart TWICE:
heart → body → heart → lungs

The pulmonary artery branches into smaller arterioles and
takes deoxygenated blood to the lung capillaries.
This capillary network surrounds the alveolus and allows
efficient diffusion .

▪

The heart is a double pump.

▪

The two pumps beat together about 70 times
per minute.

▪

The walls of the heart are almost entirely
made of cardiac muscle.

▪

Cardiac muscle is special because it does not
get tired.

▪

The heart has its own blood vessels called the
coronary blood vessels to supply it with
oxygen and food.

▪

The 4 chambers of the heart (two atria and
two ventricles) are connected to large blood
vessels that connect it to the body and lungs.

▪

The heart contains valves to prevent backflow
of blood as blood flows from the atria to the
ventricles and from the ventricles to the
arteries during the cardiac cycle

Right atrium
Right ventricle
pulmonary artery
Venae cavae

Lungs
pulmonary vein

Left atrium
Left ventricle
aorta

Body

▪

There are three main types of blood vessel: arteries, veins and capillaries

▪

Each type of blood vessel is adapted to carry out particular functions in the
process of circulation.

The blood is made of four components:
▪

▪

Plasma
▪

This is a straw coloured liquid

▪

Plasma is vital for transporting materials
and heat around the body:
▪

transports blood cells around body

▪

transports CO2 from cells → lungs

▪

transports urea from liver → kidneys

▪

transports digested food from gut →
body cells

▪

transports hormones around your
body

Red blood cells

▪White blood cells
▪There are several types of white
blood cell.
▪They all contain a nucleus and
cytoplasm.
▪They protect the body by
producing antibodies and
destroying bacteria and virus
infected cells

▪

Red blood cells are the most common type
of blood cell in the body.

▪

They transport oxygen from lungs → body
cells

▪

They have a biconcave shape which gives a
high surface area and no nucleus.

▪Platelets are fragments of cells
without a nucleus.

▪

They contain haemoglobin which binds to
oxygen.

▪When tissue is damaged
platelets are activated and
release chemicals that converts a
soluble protein fibrinogen into
insoluble fibrin

Oxygen +haemoglobin

Oxyhaemoglobin

Oxygen +haemoglobin

▪Platelets

▪ The green parts of plants produce food by photosynthesis.
▪ The food produced is needed all over the plant and so it has
to transported to wherever it is needed.
▪ There are 2 separate transport systems for moving
substances around in a plant –

1) Xylem and water
Xylem vessels (tubes) carry water and minerals around
the plant.

The vessels have strong, thick walls made of non-living
material
Transport is always upwards, from roots to
shoots/leaves

2) Phloem and food
Phloem tissue transports dissolved sucrose and other
substances to all parts of the plant.
It consists of several cell types including sieve tube cells
and companion cells
Plants use some of the glucose from photosynthesis for
respiration.

This breaks down the glucose to release energy which is
used to change the rest of the glucose into other useful
substances the plant needs.
Plants also take in minerals from the soil to make some of
these substances.
Transport is both up and down the plant.

▪

Water absorbed by the roots is transferred to the
rest of the plant through a network of tubes called
xylem.

▪

When stomata in the leaves open to allow
absorption of CO2 , water evaporates out of the
stomata and into the air.

▪

Loss of water from the leaves is called transpiration

▪

More water is pulled up through the xylem to
replace the water lost from
the leaves.

▪

If too much water evaporates out of the leaves, the
plant will die

▪

The rate at which water transpiration takes place
depends on several environmental conditions:

▪

▪

Temperature

▪

Humidity

▪

Windspeed

To control water loss, plants have the following
adaptations:
1.

Guard cells allow stomata to open and close.

2.

Most stomata on underside of leaf shaded from direct light/heat.

3.

Waterproof waxy cuticle covering upper surface of leaf.

4.

Wilting – leaves collapse decreasing surface area available for water
loss.

sugars for
storing in
fruits
fats and oils
for storing in
seeds
Energy from respiration is
needed for growth and
uptake of minerals

Glucose +
nitrates are
made into
amino acids
which are
made into
proteins

cellulose for
making cell
walls
Stored as starch in
roots, stems, leaves

Health and Disease

Health is a state of physical, mental and
social wellbeing when the body and the
processes within the body are working
perfectly

Disease is a malfunction in which
health is impaired
Disease harms the structure
and/or function of the body,
organ or system and prevents it
from working properly
Disease is manifested by signs
and symptoms
Communicable:

Caused by infectious microorganisms
(Pathogens)
Eg: Measles, Flu,
Chickenpox

Non communicable:

Caused by malfunctions in cells,
tissues or organs
Eg. Cancer, Diabetes,
Cardiovascular disease

contaminated
food or water

Insect vectors

droplet infection…
coughs and
sneezes spread
diseases!

Direct contact
wounds

There are several levels of defence against infection:
Physical barriers include the skin which protects the internal
organs from pathogens.
Mucus traps bacteria and may be swept away by cilia as in the
lungs.
Chemical defences
Sebaceous glands in the skin of animals produce sebum which
kills bacteria and fungi.
Lysozyme in tears and sweat, and hydrochloric acid in the
stomach also kill bacteria.

Non specific immune responses in animals include
inflammation and phagocytosis.
Inflammation causes vasodilation ,heat, swelling redness and pain
and stimulates phagocytes.
The specific immune system recognises molecules called
antigens found on the surfaces of pathogens
This leads to a specific response that targets those pathogens
such as the production of antibodies.
Some white cells produce antibodies that can bind to pathogens
enhancing phagocytosis or neutralise toxins.
Some white cells can destroy virus infected cells and cancer cells
directly by binding to the antigens on its surface and causing the
cell to lyse.
After infection memory cells are produced ensuring a much faster
and more effective response if the same antigen is encountered
again- this is immunity

Plants also have physical defences including the
waxy cuticle and cell walls that may be
strengthened by lignin
Plants’ physical defences also include thorns and
hair like structures
Plants also have chemical defences including stings
and toxins
Bitter tasting chemicals in leaves may induce
vomiting and antibacterial chemicals kill bacterial
pathogens.
Antibacterial chemicals can kill bacterial pathogens
Many of these chemicals such as those in Witch
hazel and Mint are used by humans. The presence
of bacteria can induce the plant to make
more of these chemicals and acquire resistance

Plants also have chemical defences that include the release of
volatile chemicals to attract predators.
Plants are subject to many diseases including fungal, bacterial
and viral infections. Diseases are identified by symptoms such
as discoloration
Plant diseases can have serious economic consequences or cause food shortages
leading to malnutrition or even starvation.
Potato Blight is a fungal disease that attacks the leaves and tubers of potato
plants.
Potatoes infected with late blight are shrunken on the outside, corky and rotted
inside.
Potato blight is hard to prevent but monitoring and isolation of infected plants
and breeding resistant varieties can help

▪

When you have an infectious disease, taking a medicine containing useful
drugs can help you to feel better.

▪

Medicines like paracetamol and aspirin are useful painkillers and will help to
relieve symptoms like headaches, earaches and sore throats.

▪

Some medicines will act on the actual pathogens, killing ( or deactivating)
them.

Antibiotics:

Antibiotics kill (or prevent the growth of) bacteria causing a problem without killing your
own body cells.
Different antibiotics kill different types of bacteria, so it is important to be treated with the
correct one
Broad spectrum antibiotics e.g. penicillin act on a wide range of bacteria
Narrow-spectrum antibiotics are targeted to a limited range of bacteria
They work by inhibiting protein synthesis and weakening the cell walls of the bacteria.
Antibiotics don’t destroy viruses (Eg: cold and flu viruses).
Viruses reproduce using your own body’s cells, which makes it very difficult to develop
drugs that destroy just the virus without killing the body’s cells.
Bacteria can mutate (their genetic material can change), & sometimes this means that the
bacterium becomes resistant to ( is not killed by) an antibiotic.
Antibiotic-resistant strains of bacteria have increased as a result of the process of natural
selection. This is a huge concern in modern medicine.

Alexander Fleming
discovered Penicillin

Vaccines:
Vaccines contain antigens that can provoke an
immune response by causing lymphocytes to
produce specific antibodies that bind to the antigens
Vaccination of a population can lead to herd
immunity where susceptible or unvaccinated people
are protected by the presence of immunised
individuals.
Many diseases can now be prevented by vaccination

Monoclonal antibody research is an exciting development in modern medicine.
The antibodies are produced from a single clone of cells and are specific to one binding site on one protein antigen.
They are therefore able to target a specific chemical or specific cells in the body.
Being so specific, the treatment shows huge promise for the diagnosis and treatment of cancer.
Monoclonal antibodies are produced by stimulating mouse lymphocytes to make a particular antibody.
The lymphocytes are combined with a particular kind of tumour cell to make a cell called a hybridoma.
The hybridoma cell can both divide and make the antibody.
Single hybridoma cells can therefore be cloned to produce many identical cells that all produce the same antibody.
A large amount of the antibody can be collected and purified.
Some examples of use:
Diagnosis Eg. Pregnancy tests
Hospital lab measurement of hormones and other chemicals in the blood.
Cell research
Treatment of cancer using targeted radiation treatment (magic bullets)

▪

We are developing new medicines all the time, as scientists and doctors try to find ways of curing more
diseases.

▪

Every new medical treatment has to be extensively tested and trialled.

▪

This process makes sure that the drug works well and is as safe as possible. There are 4 factors that a
good medicine should have:
1)

Effective

2)

Safe

3)

Stable

▪

4)

Successfully taken into and
removed from the body

▪

There are strict rules that companies have to follow when developing a new drug.

▪

Trials on humans are only allowed after years of laboratory research.
In vitro experiments test the drug’s
efficacy against the target cells
Pre clinical testing evaluates safety and efficacy in animals

Clinical trials test for safety and efficacy in humans
There are several phases of clinical trials each involving more patients

Investigating photosynthesis

▪ There are 3 main factors that limit the rate at which
photosynthesis takes place:
Light intensity

A – light intensity increases and rate of photosynthesis
increases.
B – light intensity is increasing, but rate of
photosynthesis
remains steady – something else is now limiting the
rate.

Carbon dioxide

Temperature

A – CO2 level increases and rate of photosynthesis
increases.
B – CO2 level is increasing, but rate of photosynthesis
remains steady – something else is now limiting the
rate.

A – up to ~35oC temperature increases rate of
photosynthesis.
B – maximum rate of photosynthesis at ~35oC

C – after ~40-50oC, enzymes denatured and
photosynthesis stops.

Nervous
system

Endocrine
system

Nerves
Electrical impulse
Fast, short-lived
response.
Travel to one specific
effector.

Chemical message
Slow, long lasting response
Travel all over the body.
Can have an effect on more
than one area.

The nervous system consists of nerves
that are organised into the Central
Nervous System (CNS) and the Peripheral
Nervous System (PNS)

Nerves are
made up of
nerve cells
known as
neurones, of
which there are
three types:

▪

The sense organs form part of the
nervous system.

▪

Sense organs are contain many
specialised cells called receptors.

▪

If a receptor detects a change, it
sends an electrical impulse to a
sensory neurone (nerve).

▪

The electrical impulses travel
along the nerves to the Central
Nervous System – brain and spinal
cord.

▪

The CNS makes sense of the
electrical impulses it receives and
sends new impulses out to the rest
of the body along motor neurones
(nerves).

▪

The motor neurones carry the
messages to organs called
effectors e.g. muscles

▪ Nerve cells do not
touch each other.
▪ There is a gap called
a synapse between
two nerve cells.
▪ When an impulse
reaches the end of a
nerve, chemicals are
released.
▪ The chemicals travel
across the synapse.
▪ The chemicals bind
to receptor sites on
the next nerve.
▪ This causes a new
impulse to start up
in the second nerve.

receptors in
sense organs

A receptor generates a nerve

impulse that is taken to the
CNS where it is coordinated.
The electrical impulse is converted to a
chemical signal and passed to another
neurone at a synapse
An impulse arriving at the
synapse causes the release
of chemical
neurotransmitters that
diffuse across the gap

Receptors on the post synaptic
cell bind to the
neurotransmitters and may
trigger a new electrical impulse.
When a response is necessary, a
new electrical impulse is sent to
the effector organ/s, which will
the respond

sensory
neurone

CNS

▪type of nerve cell
▪brain + spinal cord
▪Makes sense
impulses

motor
neurone

▪type of nerve cell

effector
organs

▪Parts of body that
respond e.g.
muscles, glands

A reflex arc is the nerve pathway that allows for a
fast automatic response, especially when the
body is in danger

Specialised sense organs contain receptors
and structures to amplify and process stimuli
before sending it to the brain
The eye focuses an image on the retina
which contains specialised photoreceptors
called rods and cones.
Rods and cones contain photosensitive
chemicals that produce and electrical impulse
when stimulated.
Cones are of three types and can detect colour
Other cells in the retina process the
image before sending impulses to the
brain via the optic nerve

Myopia (short sightedness) is caused when
the lens focuses light from distant objects in
front of the retina. This can be corrected with
a concave lens

Hypermetropia (long sightedness)
occurs when light is focussed behind
the retina. This can be corrected with a
convex lens

The brain coordinates sensory information and responses to stimuli,
different parts of the brain have specialised roles
The largest part of the brain is the cerebrum divided into two
cerebral hemispheres

The cerebral hemispheres are responsible for higher level
functions such as learning, memory and language. They also
coordinate sensory inputs and motor responses
The cerebral cortex can form short term and long term memories.
Strong repetitive stimuli and those that form patterns form memories
most easily. This is worth remembering for exam revision!
The hippocampus is responsible for forming new memories
The other main parts of the brain include: the cerebellum that
coordinates posture and learned movements
The medulla controls breathing and heart rate
The hypothalamus coordinates homeostasis and controls the
pituitary gland which produces many hormones
The functioning of the brain can be investigated using MRI
scans, electrical stimulation and by studying people with
brain damage, though damage to the brain can be hard to
treat.
Alzheimers disease can lead to severe memory problems.
A stroke occurs when a blood clot or haemorrhage interrupts blood
flow to the brain leading to death of brain tissue

The endocrine system is made up of glands that secrete hormones into the blood that affect target organs
The major endocrine glands control many functions in the body including metabolism and growth
Negative feedback allows levels of conditions and substances including hormones to be kept under control
Any change is detected and corrective responses
return conditions to normal
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Many other organs secrete hormones including those of the
digestive system
The Pituitary gland secretes hormones that stimulate many other
endocrine glands
Many hormones control homeostatic functions
by negative feedback
The pituitary also has receptors for other hormones that
allow it to respond using negative feedback
The thyroid gland secretes thyroid hormone that
stimulates metabolism and causes cells to consume more
oxygen
Low levels of thyroid hormone stimulate the
hypothalamus causing the pituitary gland to secrete
more TSH
The adrenal glands are stimulated by the sympathetic
nervous system and the hormone ACTH from the pituitary
Adrenaline is secreted by the adrenal gland and prepares the
body for action, increasing heart rate and breathing rate and
increasing blood glucose and blood pressure

The hormones that control the human menstrual cycle include hormones from the pituitary and the ovaries
These hormones control the release of an egg and the thickness of the uterus lining and are regulated by negative
feedback loops

The hormones that control the human menstrual cycle include hormones from the pituitary and the ovaries
These hormones control the release of an egg and the thickness of the uterus lining and are regulated by negative
feedback loops
FSH stimulates an egg to mature in the ovary and stimulates the ovary to release the hormone oestrogen
Oestrogen in turn thickens the uterus lining, inhibits FSH release and stimulates the release of LH
LH stimulates the release of a mature egg at ovulation and also stimulates the ovary to release progesterone
Progesterone maintains the uterus lining and inhibits further
LH release leading to a drop in hormone levels and triggering
menstruation

Yes, plants have hormones too!
They coordinate many processes such as growth, germination and ripening using
chemical messengers that are known as plant hormones:
Auxins such as IAA produced in meristems promote cell division and elongation
Auxins control the direction of growth allowing plants to exhibit tropisms (directed
growth)
Plants exhibit phototropism in response to light
Geotropism is also controlled by auxins. High concentrations of IAA inhibit root
growth
Plant hormones and their inhibitors can be used to manipulate plant growth such as
delaying or promoting ripening or encouraging rooting or germination
Low levels of IAA promote root growth and ethene gas can be used to ripen fruit:
very useful for the supermarkets!
As herbicides, Broadleaved weeds absorb the hormones in large quantities and grow
too fast to survive as the roots cannot grow fast enough
Gibberellins such as GA can overcome dormancy in seeds allowing them to germinate
all year long.
GA also promotes flowering and growth of the stem between nodes and can be used
to grow tall versions of dwarf plants. Very useful for the garden centres too!

Phototropism

Geotropism

▪

The conditions inside your body are
known as its internal environment.

▪

In order for your organs to work correctly, your internal environment must be kept constant.

▪

Balancing the internal conditions so that they don’t alter too much is called homeostasis.

▪

The control systems of homeostasis require receptors and effectors and may involve the nervous system
and/or the endocrine system

▪

The body can experience severe symptoms if the core temperature gets too high This can occur if the
person is dehydrated or unable to sweat or during severe exercise

▪

The body can experience hypothermia if the core temperature is too low (below 35°C)

▪

The water potential of the blood and tissue fluid must be controlled to avoid osmotic effects that can
damage cells

▪

Diabetes is a disease which occurs if the blood glucose levels cannot be maintained.

Temperature
The skin is an important organ involved in temperature
homeostasis. It contains temperature receptors as well as
effectors such as sweat glands and muscles controlling hairs and
vasodilation of arterioles
Temperature receptors in the skin and the hypothalamus detect
changes in peripheral and core temperature
The thermoregulatory centre in the hypothalamus detects
changes and coordinates corrective responses
Vasoconstriction of arterioles allows heat to be conserved when
the body is too cold
Contraction of muscles attached to hairs allows a layer of air to
be trapped against the skin
Excess heat can also be lost by increased sweating with heat lost
through evaporation
Vasodilation of arterioles allows heat to be lost by radiation when
the body is too hot

Blood glucose

Levels of blood glucose are controlled by the hormones insulin and
glucagon secreted by the pancreas
The liver stores excess glucose as glycogen and releases it to the
blood as needed
Type 1 diabetes is caused by a lack of insulin producing cells in the
pancreas
Glucose levels in the blood rise and can reach dangerous levelshyperglycaemia
Type 1 diabetes is controlled with regular injections of insulin and by
diet and exercise
Type 2 diabetes is associated with lifestyle factors such as a diet high
in sugar and fat, obesity and lack of exercise
Insulin may be at high levels but the tissues become resistant to its
effects and diabetes symptoms occur
Type 2 diabetes is usually controlled by diet and exercise and the drug
Metformin that inhibits the liver from making new glucose

Water potential

Too much water can cause cell lysis and too little can cause cells to shrivel and affect metabolic reactions.
The kidneys perform many homeostatic functions including the maintenance of water balance, mineral ions, pH and blood pressure
Tiny filters called nephrons filter blood, removing waste such as urea and balancing water and ion levels.
Most of the water filtered by the nephrons is reabsorbed into the blood by osmosis by the kidney tubules
The permeability of the tubules can be increased by the hormone ADH secreted by the pituitary gland
If there is too little water in the body this is detected by the hypothalamus causing the pituitary gland to release ADH
ADH increases the permeability of the tubules so the kidney reabsorbs more water into the blood
If there is too much water in the body this is detected by the hypothalamus causing the pituitary to release less ADH and more water is lost
in urine.

The Genome
and Gene expression

The Genome refers to the entire genetic material of an organism, which
is composed of DNA (deoxyribonucleic acid).
Found in the nucleus of plant and animal cells, DNA contains all the
instructions to put an organism together ,and to make it work.

The Genome includes both coding DNA (genes) and non coding DNA.
DNA is a double helix made of two polymer strands linked by hydrogen
bonds between complementary base pairs.
Each strand is a polynucleotide made up of monomers called nucleotides
A nucleotide of DNA is composed of three parts: a sugar – deoxyribose, a
phosphate group and a nitrogenous base
The sugar of one nucleotide is linked to the phosphate of the next nucleotide
in the chain by a covalent bond
This produces a strong ‘sugar-phosphate backbone’ that keeps the
molecule stable.
There are four types of bases Adenine (A), Thymine (T), Guanine (G) and
Cytosine (C)
The bases A & T and the bases C & G are complementary meaning they fit
together and form bonds.
The bases on one strand join to their complementary bases on the other
strand by hydrogen bonding.
The DNA in a cell is wound around proteins and looped and folded many
times so it fits into the nucleus. This forms a material called chromatin that
condenses to form chromosomes when the cell divides.

A nucleotide

The Human Genome Project , completed as recently as 2003, for the first time fully mapped the sequence
of DNA base pairs that make up Human DNA.
This project was the worlds largest international collaborative Biology project, costing over £3 billion.
It was made possible by modern developments in sequence analysis and computing technology.
Understanding so much more of our genetic make-up is already improving diagnosis and treatment of certain
cancers, providing better forensic testing, and improving our understanding of human evolution.
There is a huge amount of research continuing in this area.
A human cell (unless it’s a gamete) contains 23 pairs of chromosomes from the joining of the egg and sperm.
Gametes ( egg cells , sperm cells) are haploid containing only 23 chromosomes.
There are about 3 billion DNA base pairs in the DNA contained in a human nucleus, carried on the 46 DNA
molecules. This amounts to about 22,300 protein coding genes!
The chromosomes can be arranged in pairs to show the karyotype, each chromosome pair is a homologous pair.

Alleles are any of two more alternative forms of a gene
If the alleles are identical the individual is homozygous, if they are different it is heterozygous.

DNA copies itself every time the cell divides, so that each new cell still has the full amount of DNA.

In order to copy itself, the DNA double helix first unzips to form two single strands.
New nucleotides (floating freely in the nucleus) then join on using complementary base pairing. This makes an
exact copy of the DNA on the other strand.

The result is two double-stranded molecules of DNA that are identical to the original molecule of DNA.
The sequence of base pairs along the molecule is used to store information about the amino acid sequence of
proteins made by the cell
Each replicated (daughter) DNA molecule consists of one old (parental) strand and one new strand

A gene is a length of
DNA that codes for the
production of a particular
protein

Chromosomes are long
threads of DNA coiled around
proteins and found in the
nucleus of the cell

Chromosomes in normal body cells
contain two sets of genes; one from
each parent.
Homologous chromosomes have the
same genes at the same positions.
They may however have different
gene variants or alleles.

The Genotype is the genetic makeup of the organism in terms of the alleles present.
The Phenotype is the observable features of an organism.
Alleles can be dominant or recessive depending how they are expressed in the phenotype

A dominant allele is always expressed in the phenotype if it is present. That is it is expressed in the
heterozygous genotype as well as the homozygous dominant
Recessive alleles are only expressed if there is no dominant allele of that gene present
The genotype does not directly determine the phenotype but
influences it by coding for proteins such as enzymes that influence
metabolism and development
The genotype interacts with the internal and external environment to
influence the development of the phenotype

The genotype interacts with the internal and external environment to
influence the development of the phenotype
Many environmental factors may affect how a gene is expressed
including nutrition, water, temperature hormones and other genes
present

Proteins are made in the cell cytoplasm by ribosomes.
DNA does not move out of the cell nucleus as it is so large.
Instead, to get the information from the DNA to the ribosomes, a copy of the DNA is made using a molecule called
messenger RNA (Ribonucleic acid) mRNA.
Messenger RNA is very similar to DNA but it is much shorter and only a single strand.
RNA molecules contain the base Uracil (U) instead of Thymine (T) so U pairs with A.
The RNA attaches to a ribosome in the cytoplasm, which, assuming the cell is properly nourished, will contain plenty of all
of the 20 different amino acids.
Transfer RNA ( tRNA ) assembles the right amino acids by matching the code on the mRNA.
As the mRNA passes through it, the ribosome links amino acids together in the correct order.
A new protein molecule is formed!

DNA in nucleus
Double helix untwists
and strands separate
Base sequence of gene
copied into strand of
(messenger) mRNA
mRNA leaves nucleus +
enters cytoplasm
mRNA binds to ribosome
tRNA assembles correct
amino acids
String of amino acids
formed which fold into
protein

All plants and animals have characteristics that are in some ways similar to their parents.
This is because an organisms characteristics are determined by the genes inherited from its parents.
These genes are passed on in sex cells (gametes), which the offspring develop from.
Most animals, (and quite a lot of plants) get some genes from the mother and some from the father as a result
of sexual reproduction.
Organisms reproducing by asexual reproduction will be genetically identical.

In sexual reproduction, the combination of genes from two parents causes genetic variation – no two of the species
are genetically identical ( except identical twins).
Some characteristics are determined only by genes (Eg: flower colour, eye colour, blood group, and inherited
disorders)
Many characteristics are influenced by the environment in which organisms live and grow – environmental variation.
(Eg. Identical twins with different diets)
Most characteristics are due to genes and the environment combined.
DNA can mutate, changing the organisms genome, and the instructions it gives to the cell.
Most of the time these mutations have no effect, but occasionally they can be beneficial to the organism by
producing a useful characteristic. This characteristic may give the organism a better chance of surviving and
reproducing.
If so, the beneficial mutation is more likely to be passed on to future generations by a process called natural
selection.
Over time, the beneficial mutation will accumulate in a population (Eg Antibiotic resistance in bacteria)

Methicillin resistant Staphylococcus aureus

All the cells of an individual have the same genotype as they are derived
from the same zygote
However, genes can be inactivated or activated by epigenetic factors
causing cells to differentiate into different cell and tissue types
Epigenetics literally means "above" or "on top of" genetics. It refers to
external modifications to DNA that turn genes "on" or "off.“
These modifications do not change the DNA sequence, but instead, they
affect how cells "read" genes.

Non coding DNA often has regulatory function such as switching on and
off gene expression
Mutations in non coding DNA may cause genes to be expressed in
different tissues or at different times or in different amounts
Epigenetics is the reason why a skin cell looks different from a brain cell
or a muscle cell. All three cells contain the same DNA, but their genes are
expressed differently (turned "on" or "off"), which creates the different
cell types.
Scientists now think epigenetics can play a role in the development
of some cancers. For instance, an epigenetic change that silences a
tumour suppressor gene — such as a gene that keeps the growth of the
cell in check — could lead to uncontrolled cellular growth.

Another example might be an epigenetic change that "turns off" genes
that help repair damaged DNA, leading to an increase in DNA damage,
which in turn, increases cancer risk.
This is a very exciting area of current research around the world.
Watch this space!

A mutation is a change in the base sequence of the DNA.
Mutations are the ultimate source of genetic variation, and often happen for no
apparent reason.
We do know of many factors which will make mutation more likely, though.
- Ionising radiation - damages the bases in the DNA molecule
- Heavy metals lead and mercury - interfere with DNA copying.
Chemicals which cause mutation are called mutagens.

Changes in the base sequence of DNA can affect the amino acid sequence.
Since the amino acid sequence( primary structure) determines how the amino
acids in the polypeptide chain will bond, the protein will fold up into its 3D
shape differently.
As a result ,the protein is altered and may become non functional or function
less efficiently.
Imagine the protein is an enzyme which no longer had an active site for
substrate binding (remember Lock & Key).

Sickle cell anaemia

This is a genetic disease in humans.
Here a ‘point substitution’ has changed one amino acid. This alters
the tertiary structure of the globin protein in the red blood cells and
prevents haemoglobin working properly.
The altered haemoglobin forms long inflexible chains that cause the
red blood cells to change shape and damages their ability to carry
oxygen.
The affected person may feel tired and short of breath, because their
faulty haemoglobin does not deliver oxygen to the cells efficiently.
Sometimes this causes blockages in the blood vessels, stopping
blood flow to some parts of the body, causing intense pain. This is
called a sickle cell crisis and, if not treated, can be a regular event in
the persons life, causing damage to many different organs.

Downs syndrome
Downs syndrome is an example of a chromosome mutation
Down’s Syndrome is caused by a third copy of chromosome 21
caused by a faulty separation in the egg
Down’s Syndrome is characterised by developmental abnormalities
affecting the heart and nervous system.
Children and adults with Down syndrome generally have distinct facial features. Though
not all people with Down syndrome have the same features, some of the more common
features include a flattened face , small head, short neck and upward slanting eye lids.
Infants with Down syndrome may be average size, but typically they grow slowly and
remain shorter than other children the same age. Most children with Down syndrome
have some cognitive impairment.

Our rapidly increasing understanding of the human genome has important
implications for the future of medicine. The genome influences which
diseases a person may develop, how they progress and how the body
reacts to drugs
- Drugs and other treatments can be personalised so they are matched
to your genome to improve efficacy
Improved screening of embryos to detect genetic disorders for many
more inherited diseases is being developed now that the specific genes
involved have been identified.
Healthy siblings of children with genetic disorders can supply them with
stem cells and blood factors.

Genetic sequences associated with disease can be used to create
diagnostic tests that are specific and rapid. A complementary DNA
strand can be used to bind to the DNA fragment containing the associated
gene
Gene therapy uses a vector such as a virus to introduce copies of a
healthy gene into a patient. Increased understanding of the genome
should expand the scope and improve the efficacy of gene therapy
Increased understanding of cancer genomes should lead to better
diagnosis and treatment

Technology such as micro-array chips can identify several genes at once

© VIDLEARN™ 2015

Specific genes can be targeted for cytotoxic drugs by using antibodies
specific to cancer cell proteins.

Knowledge of epigenetics may allow cancer genes to be switched off or
cells could be forced to self destruct
Knowledge of the genomes of the bacteria in the gut may have
important implications for health
Many diseases including auto immune diseases and even
psychological problems have been associated
with the particular bacteria in the gut.
With increased understanding of how the genome is controlled the
future possibilities are endless.
Research on the genetics of limb generation may even allow amputees
to regrow their limbs one day.
Salamanders are the only vertebrates that can regenerate lost body
parts as adults. The key to this ability is that limb cells are triggered to
dedifferentiate and reinitiate growth and pattern formation. Scientists
are using genetic techniques to research the signals that trigger the
regeneration response, in the belief that these signals have enormous
potential and consequences for human health.

Reproduction can be either sexual or asexual. Asexual reproduction involves the production of genetically
identical offspring from one parent
Sexual reproduction involves the fusion of 2 gametes to produce genetically varied offspring

Some organisms can reproduce either sexually or asexually.
For example : Aphids, Spider plants, Strawberry plants

Asexual reproduction produces clones that are genetically identical.
This can be an advantage if the plants are well adapted to an environment and have plenty of space.
Bananas are grown from suckers and can produce strains with identical characteristics that are
commercially profitable.
However asexual reproduction can leave organisms very vulnerable to disease as they all have the same genetics
A lack of genetic variation can mean a disease spreads rapidly through the population.
If they were genetically different some would probably be resistant and would thrive.

Meiosis only passes on half of the genes from each parent so represents a
large reduction in genetic fitness
Homologous chromosomes swap genetic material ensuring all gametes are
genetically different
Sexual reproduction ensures genetic variation that is important for
adaptation to changing conditions and for the development of disease
resistance in a population
This is a big advantage in changing conditions or in the presence of
pathogens and parasites.
In the example below some of the giraffes will have advantage over others
in different environments:
- camouflage
- neck length/height to reach trees for food

the set of genes (alleles) that an organism
possesses

physical appearance of an
organism.

different forms of the same
gene
when the two alleles are different
when two alleles (gene types) are
identical

allele which controls the
characteristic whenever it
is present.

BB or Bb

allele whose characteristics
only show when it is present on
both chromosomes
bb

Complete dominance
For a single gene there are three possible genotypes:
Homozygous dominant
Heterozygous
Homozygous recessive

If the gene shows normal (complete) dominance and
we ignore environmental effects ,there are only two
possible phenotypes as the heterozygotes will express
the dominant phenotype.
If a pure breeding (homozygous) dominant phenotype
is crossed with a pure breeding recessive phenotype
only the dominant phenotype will be expressed in the
offspring.

The heterozygous offspring are known as carriers of
the recessive allele and may pass it on to the next
generation.

If a genetic condition such as a disease is inherited via a recessive allele
then two unaffected carriers will have a 25 % chance of having an affected
child
The heterozygous carrier children may than pass on the allele to the next
generation
An example of this form of inheritance is that of the allele for Cystic
Fibrosis.
This mutation is recessive and is carried on an autosome (a chromosome
other than the X or Y)
It is therefore called autosomal recessive inheritance

If a condition is inherited via a dominant allele then there are
no carriers as anyone with the allele will express it.
The chances of an affected and an unaffected parent having
an affected child are 50%.

Sometimes neither of a pair of alleles is completely
dominant or recessive. Instead both alleles in the
heterozygote have an effect on the phenotype
This is known as codominance and results in three
possible phenotypes.

Also known as polygenic inheritance, this is when the phenotype is controlled by more than one gene.
Hair colour is a great example, but of course we mean natural hair colour!

Other examples include skin colour, height, hair colour,
metabolic rate and risk of developing some diseases such as
diabetes certain cancers and hypertension.
Polygenic traits show continuous variation, that people vary
from the lowest to the highest extremes
Human skin colour is controlled by at least 3 genes that code
for the production and type of melanin pigment. The
influences of each of the genes add together
Polygenic traits show a lot of environmental influence allowing
organisms to adapt to different conditions
Melanin production is stimulated by UV light and protects the
skin from DNA damage

Single gene inheritance shows
discontinuous variation, this
means every individual can be
placed in one definite category
with no overlap

Multiple gene traits show continuous variation and
are usually normally distributed when plotted on a
graph
Human height is influenced by several genes and
also influenced by environmental factors such as
nutrition

Studies involving identical twins, who therefore
have identical DNA, can show the significance of
environmental factors.

Many diseases such as heart disease and cancer are
multifactorial and are influenced by multiple genes and
environmental factors, including obesity.

In humans sex is determined by the X and Y
chromosomes often known as the sex
chromosomes ( the 23rd pair).
A woman has two X chromosomes
(genotype XX) .
A man has an X and a Y chromosome
(genotype XY).
The X chromosome is vital for survival.
The Y determines maleness.
A gene on the Y chromosome makes the
embryo develop into a male as it causes a
specific protein to be produced which causes
the development of testes.
The testes then produce male hormones
which in turn make the rest of the male
reproductive system develop.
In females this protein is not produced, so
the embryo develops ovaries and the rest of
the female reproductive system.

Human female
karyotype

Human male
karyotype

XX
The sex chromosomes

XY

Meiosis produces gametes with only one sex chromosome
so the male produces two types of sperm, containing either
an X or a Y chromosome.
One of these will fertilise an ovum containing an X
chromosome
The inheritance of sex can be worked out and displayed using
genetic diagrams just like any other phenotype. The
difference is the letter symbols are used to describe whole
chromosomes instead of individual alleles

For hundreds of years, people had no idea about how information was passed from one
generation to the next.
Our understanding of inheritance is based on the work of an Czech monk called Gregor
Mendel (Born: 1822)

Mendel worked in the monastery gardens and became fascinated by the pea plants he
grew there.
He decided to carry out controlled breeding experiments in order to try and
understand how characteristics were passed on from one generation of peas to the next.
Mendel kept records of everything he did and he spent many hours analysing the results
of his experiments.

Mendel discovered that the inheritance of certain phenotypes of Pea plants followed
predictable patterns which he termed Laws of Heredity
The first of Mendel’s laws was the principle of dominance .This states that one factor
(Mendel didn’t know about genes) in a pair may mask the effect of the other

The second of Mendel’s laws was the principle of segregation .This states that the two
factors for a characteristic separate during the production of gametes by meiosis
The third of Mendel’s laws was the principle of independent assortment. This states
that factors for different characteristics are distributed to gametes independently
In 1866, Mendel published his results. He was 44 years old.
Mendel’s work was not accepted by others. Chromosomes and genes had not been
discovered so people did not understand Mendel’s ideas.

Mendel died 20 years after publishing his results. He was 64 years old.
In 1900, 16 years after Mendel’s death, a team of scientists looking for evidence to
support Darwin’s theory of evolution discovered Mendel’s work.
They repeated Mendel’s work and came up with the same results. They published their
findings and finally Mendel’s ideas were accepted – genetics was born!

In 1910 T.H. Morgan showed that genes are located on chromosomes He showed that independent assortment does not
always occur and genes can be linked by being located on the same chromosome.
Morgan’s later experiments with fruit flies showed that genes could be recombined during meiosis. By analysing the ratios
of different phenotypes he was able to map the position of genes on a chromosome.
Griffiths showed in 1928 that genetic material could be transferred from one strain of bacteria to another
The genetic material was able to transfer from dead bacteria to live ones although its nature was still unknown
In 1944 Avery Macleod and McCarty repeated Griffith’s experiment with purified cell extracts
They discovered removing protein from extracts had no effect but DNA digesting enzymes prevented transformation
Hershey and Chase experimented with viruses that infect bacteria and used radioactive labels to track the genetic
material. This showed that DNA was the genetic material.
In 1953 Watson and Crick worked out the double helical structure of DNA . They used X Ray crystallography data
produced by Rosalind Franklin in their own research to produce a 3 dimensional molecular model.
In 1972 Walter Friers first sequenced a gene and in 2003 the entire human genome was fully sequenced with the
completion of the Human Genome Project .Techniques such as PCR allowed the rapid copying of vast amounts of DNA.

Evolution is a change in the inherited characteristics of
a population over generations. In terms of genetics it is
a change in allele frequency.
Evolution may occur due to natural selection and may produce
new species
Natural selection describes the process in which those
individuals that are better adapted to their
environment pass on their characteristics to future
generations
The frequency of individuals with favourable adaptations may
increase in future generations.
Natural selection occurs because there is genetic variation
within a population combined with overproduction meaning
there is competition for resources.

Some individuals will be better adapted to the environment
than others and will produce more offspring (selection) that
will inherit the favourable traits which increase in frequency
(adaptation)
The process of natural selection can be illustrated
by considering variation in one trait such as fur colour
or fur length

Selection that is against one extreme in
the range of phenotypes may cause a change
in the frequency of phenotypes in one direction

Natural selection does not always lead to a change
in Phenotype frequency. Stabilising selection acts
against extreme phenotypes and so resists
directional evolution. Examples include birth weight
in babies or clutch size in birds or anytime the
environment remains stable

Disruptive selection favours extreme phenotypes
and selects against the mean phenotype that is
poorly adapted. This may produce a stable
polymorphism with two typical phenotypes adapted
to different niches

The Peppered Moth has two forms: dark and light
( pale)
During the industrial revolution , when, due to pollution,
lichen on the trees died, the frequency of of dark-coloured
moths increased.
Later, when pollution was reduced, the numbers of the
light-coloured form increased again.

Antibiotic resistance

New species may be formed when a population is split into two populations that are reproductively isolated
Mutations will differ in each population and there will be natural selection for traits that are adapted to each
environment.
Reproductive isolation may be due to a physical barrier such as a river, a new niche or a change in mating behaviour
If populations are isolated long enough they may evolve into two new species

Finches on the Galapagos Islands

▪

We are surrounded by an amazing variety of life on planet Earth.

▪

Questions like ‘Where did life on Earth come from’ and ‘When did
life on Earth begin’ puzzled humans for many years.

▪

There have been many interesting ideas and respected theories
about how life began.

▪

Scientists estimate that life on Earth began about 3500 million
years ago. The first living things were very simple, the Life then
evolved to become more complex and varied.

▪

There is an enormous number of species on Earth today, but
there are also many species that have become extinct.

▪

All living things that exist now, and have ever existed, evolved
from those very simple life forms.

▪

Charles Darwin first proposed the theory of natural selection to
explain how evolution occurs.

▪

There is now an enormous amount of evidence in support of
evolution . This includes fossil evidence, DNA evidence,
biochemical evidence, evidence from embryological development,
geographical distribution and comparative anatomy

Biogeography analyses the distribution of fossils
and living organisms and matches them to rocks
Similar organisms with a common ancestry may
be found in distant lands that were once
connected.

Species on isolated islands tend to be unique to
those islands and be closely related to each other
showing evidence of adaptive radiation from a
common ancestor. Whereas similar habitats that
are remote from each other tend to have very
different organisms

The fossil record preserves bones,
teeth, impressions
and sometimes soft body parts
by mineralisation
Comparison of the forelimbs of
Therapod dinosaurs
shows how wings and feathers
evolved in birds.

Comparison of the embryos
of related animals such as
vertebrates reveals
similarities that are
evidence of common
ancestry

Comparative anatomy can
reveal similarities between
body parts in organisms that
have evolved divergently

Analysis of the DNA of different species shows
that organisms that are thought to be closely
related have more similar DNA sequences and
common genes

Artificial selection involves choosing
favourable traits and breeding individuals
with those traits together
over generations.
Artificial selection has provided many
advantages in agriculture such as increase
in yield and nutrition. However many
modern varieties are dependent upon
herbicides and pesticides and have low
genetic diversity.
Plant breeders often resort to inducing
mutations to create more diversity

Genetic engineering involves transferring a gene that codes for favourable characteristics from one organism to
another
Enzymes are used to cut out the favourable gene and a vector such as a plasmid and/or a bacterium used to
transform the plant embryos
Genetically modified crops can offer many advantages such as drought resistance, pest resistance, increased
yields or better nutrition

Genetically modified crops have proved completely safe for human consumption however there are some concerns
about their use.

Ecosystems

Components of an Ecosystem
Ecology is the study of the relationships between organisms ,and between organisms and
their environment.
An ecosystem is a self supporting system of organisms and their environment.
A few more terms
Habitat: - physical location where an organism lives.
Populations of organisms of the same species live in a
habitat.
Population: - all the individuals of one species in a
given location.

Species:- group of individuals that can interbreed (to
produce fertile offspring)
Community: - all the populations of all the species in
a given area (ie. all the living things, don’t forget plants!)
Environment: - the surroundings influencing an
organism. This is made up of:
Biotic factors (other organisms)
Abiotic factors (non-living things such as water,
rock, light, temperature, pH, wind etc.)
Biosphere: - all the worlds ecosystems

Producers: - organisms which capture the sun’s energy
to produce food
Consumers: - organisms which feed off other living (or
recently living!) organisms. Eg Herbivores, Carnivores,
Omnivores
Decomposers: - organisms which live off the decaying
remains of dead organisms

Examples of Habitats and
Communities, and Ecosystems
There are many types of habitat characterised
by the physical (abiotic) conditions and the plants present
The properties of a habitat determine which
organisms can live there
Different organisms are adapted to different conditions

All the organisms in a habitat of all different species form a
community.
The community of organisms and the interactions
between them and the environment form an ecosystem. The
environment can be divided into a biotic (living) and an
abiotic (non living) components. Materials are recycled within
ecosystems.

Abiotic and Biotic factors
Abiotic factors can have significant
effects on a community.
Factors such as rainfall, sunlight,
temperature and soil type , mineral ions,
and shelter determine the type of
community that can exist

Biotic factors such as competition and
predation determine how organisms
interact as seen in food webs
Predators can enhance biodiversity by
limiting competition for resources between
species.
Symbiotic relationships can be very
important, with organisms dependent on
others for their survival,

dead plants and
animals

animal
droppings

animals

▪Dead plants and animals and their droppings
decay or rot away.

Detritus feeders
(maggots,
worms etc.)
Decomposers
(microorganisms)

▪This process is called decay or decomposition.
▪Decay releases useful minerals into the soil and
carbon dioxide into the air and also water.
▪Two groups of organisms are responsible for
the decay process…

green
plants

1.detritus feeders – maggots,
worms, woodlice
2.decomposers – bacteria, fungi

Minerals

soil

The Water cycle
Water is essential for Life.
It constantly cycles between living things and their environment.
When precipitation occurs, plants absorb water from the soil.
This then travels up the xylem vessels into the leaves, where some of it evaporates and
diffuses out of the stomata.
This water condenses to form the clouds, from which it is retuned to the earth in the form
of precipitation (which is why it rains a lot in the rainforest!)

Eutrophication
Most organisms that live in water respire aerobically, so need oxygen. They obtain their oxygen from oxygen gas which
has dissolved in the water.
Anything which reduces the amount of oxygen available in the water can make it impossible for fish and other aquatic
organisms to live there.
There are two main sources of pollution which can reduce oxygen levels in fresh water: fertilisers and untreated
sewage.
Farmers use fertilisers to increase their crop yields; these normally contain nitrates and phosphates.
Nitrates are very soluble in water so if nitrate fertiliser is put onto the soil it may be washed out in solution when it rains.
This is called leaching.
Algae and green plants in the river will grow faster when they are supplied with these chemicals, & they can grow so
fast that they can completely cover the water. Even the plants on the top of the water eventually die, & when they do,
their remains are broken down by bacteria (decomposers).
The bacteria breed rapidly, respiring oxygen which they take from the water. Soon there is very little oxygen left for
other living things, so they have to move to other areas, or die. This process is called eutrophication.

The Carbon cycle

There is a fixed amount of
carbon on Earth.
Carbon is constantly being
converted from one
compound to another in the
carbon cycle.
Photosynthesis removes
CO2 from the air and turns it
into carbohydrate in plants,
which can then be passed
onto animals in food chains

Respiration in plants,
animals and decomposers
breaks down carbohydrate
and puts CO2 back into the
air:
Combustion (burning)
converts carbon compounds
in fuels back into Carbon

The Nitrogen
cycle
Plants need a source of nitrogen in
order to make amino acids and
therefore proteins.
They achieve this by absorbing
nitrates (NO3-) from the soil by
active transport
These nitrogen containing organic
compounds are eaten by animals, so
the nitrogen is passed on up the food
chain.
Eventually the nitrogen will be
excreted in the form of urea, or the
animal will die.
Decomposers will break down these
nitrogen compounds into ammonia
(NH3).
Special bacteria called nitrifying
bacteria convert the ammonia first
into nitrite ions (NO2 - ), then nitrate
ions (NO3 - ) . These can then be
absorbed by plants.
This called nitrification.
In addition, plants can gain nitrogen
from the products of nitrogenfixing bacteria.
These can live freely in the soil, or in
a mutualistic relationship in the root
nodules of legumes (e.g. peas,
clover).These take nitrogen gas from
the atmosphere and convert it into a
form which is used by the plant to
produce organic compounds
(nitrogen fixation).

Carbon dioxide, methane, nitrogen oxides, CFC’s and water vapour are potent
greenhouse gases that create a blanket around the Earth.
This blanket stops heat energy from the Sun being reflected back into space. Too
much heat energy is trapped inside the atmosphere. This can cause the
temperature of the atmosphere to rise…this is called global warming.
Climate change is a major influence on world ecosystems.
Some species may change their range and others go extinct.
Humans are responsible for a large increase in greenhouse gases that contribute
to climate change.
Levels of atmospheric carbon dioxide have risen sharply since the industrial
revolution. Carbon dioxide causes ocean acidification that harms corals and
shellfish

Deforestation massively increases greenhouse gases by reducing photosynthesis
and through combustion and decomposition.
It also disrupts the water cycle, increases soil erosion, flooding and landsides and
decreases soil fertility.
Agriculture creates carbon dioxide and methane from ploughing, cattle and rice
cultivation.
Human activities such as removal of peat bogs and landfill sites contribute to
the rise in greenhouse gases
Bacteria feeding on rubbish produce methane

Desertification is a major contributor to climate change by reducing
photosynthesis and the rotting of grasses and roots.
Sulphur dioxide and nitrogen oxides from industry and transport contribute to
acid rain.
CFC’s destroy the ozone layer that protects us from harmful ultraviolet radiation.
Water can also be polluted by chemical waste such as heavy metals that are
very toxic
Plastic pollution is a very serious problem as plastic does not biodegrade and
accumulates in the environment
Pesticides can accumulate in food chains and cause damage to invertebrates and
the animals that eat them.

Pyramids of biomass
Pyramids of numbers present difficulties for comparing different ecosystems
and producers of different sizes; a better representation of trophic levels
within ecosystems is to represent organisms at each level in terms of total
dry mass per square metre of area

The dry mass of living material determined for a given trophic level is termed the BIOMASS
A pyramid of biomass represents the total dry mass (in grams per square metre of area) of all the
organisms in each trophic level at a particular time; such pyramids take into account
the size of the organisms represented in the pyramid

Energy
Losses

Only about 10%
of energy is
transferred
Energy is lost as HEAT
during the respiratory
process of each organism
This loss of energy as heat
usually limits the number
of links in a food chain to
four or five trophic levels

Food Chains and Food Webs
Food chains show the flow of energy from one
organism to the next, beginning with the producer.

Food webs show a network of interconnected food
chains. They can be very large and complex.

Example of a terrestrial food
chain with five trophic levels

Food chains name the
organisms at each link in the
chain and provide a descriptive
flowchart of the passage of
energy and nutrients through
the ecosystem

Food production must be continually improved to meet
the challenges of feeding a growing population and
changing diets.
Many challenges threaten food security including climate
change, new pests and pathogens and economics .
It is vital that food production is sustainable – that
means without harming the environment.
Clearly there is much work to do here, much of which
requires international collaboration.

