B1- You and your genes

Genes

A fertilised egg cell contains the instructions for making every protein in a human being- these instructions are contained in the genes.

Most cells in the body contain a nucleus and this is where the genetic material is contained. 

Each gene is an instruction for making a different type of protein.

Genes are instructions to control how an organism develops and functions by making proteins.Genes are found in the nucleus of the cell.

They are instructions for a cell that describes how to make proteins, which help the cell develop and function.

These proteins that instructions code for can be either functional or structural.

Functional proteins-  proteins to help build the body for example proteins found in muscles like tendons.

Structural proteins- proteins to take part in chemical reactions in the body for example enzymes such as amylase

Genes are (inherited) passed on and they control how the new organism develops and functions.

Characteristics and genes

Some characteristics are determined by genes and the alleles in the genes (e.g dimples) however some characteristics are determined by environmental factors (e.g scars) even some characteristics are determined by a combination of your genes and the environment (e.g weight)

Some characteristics are determined by several genes working together (e.g eye colour).

Chromosomes and DNA and genes in relation to each other

Each chromosome is a long molecule of DNA which is coiled up.

[image: ]Genes are very long sections of DNA molecules that make up chromosomes.

A gene is a short length of a chromosome.

A  human cell contains 23 pairs of chromosomes (46 chromosomes) , a sex cell only contains 23 chromosomes.

Body cells contain a chromosome each but sex cells only contain a chromosome from each pair.

Alleles and Genes

Chromosomes in a pair carry the same genes but there may be different versions of those genes called alleles.

Genes exist in different versions and these are called alleles.
 Alleles are different versions of the same genes.

An individual usually has two alleles for each gene.

Homozygous-  two alleles the same for that particular gene
Heterozygous- two different alleles for the same gene

Alleles can either be dominant or  recessive.

Dominant  alleles are indicated by a capital letter in a punnet diagram and recessive alleles are indicated by a lower case letter.

The combination of alleles determines the genotype and phenotype.

Genotype is the genetic make-up of an organism (the combination of alleles)
Phenotype describes the observable characteristics an organism has.


Sexual reproduction

Parents pass on their genes in sex cells.
Sex cells contain 23 single chromosome, they contain copies of half the parent’s chromosomes chosen at random.

In animals the sex cells are the sperm and egg cells (ova).

When a sperm fertilises an egg cell during sexual reproduction, the 23 chromosomes in the sperm cell combine with the 23 chromosomes in the egg cell.

During sexual reproduction, genes from both parents come together and because they are chosen at random, it produces variation in the offspring.

When a sperm cell fertilises an egg cell during sexual reproduction, the 23 chromosome’s in the sperm cell combine with the 23 chromosomes in the egg cell.

 This means that the fertilised egg cell gets a full set of chromosomes and is called an embryo.

This produces variation in the offspring.


This means that the offspring has some similarities due to the fact  that they inherit some maternal and paternal alleles (present in the fertilised egg).

However the offspring can differ from each other because they inherit different combinations of the maternal and paternal alleles chosen  at random.

Male and female chromosomes

In every human body cell there is 23 pairs of chromosomes.
The 23rd pair of chromosome is the sex chromosome.

Males have XY sex chromosomes and females have XX chromosomes.
When sex cells are made, they only get one chromosome from each pair so a man’s sperm cell half get an X and the other half get a Y but the woman’s egg cells all get an X chromosome.

This means there is a 50% chance of the child being a boy or  a girl.


Male Chromosomes SRY

A sex determining gene on the Y chromosome triggers the development of testes. This gene is the SRY gene (Sex-determining region of the Y chromosome).

The gene causes a specific protein to be produced. This protein causes the development of the testes.

This can cause a male embryo’s testes  to develop when it is about 6 weeks old.

The testes produce male sex hormones called androgens. Androgens make the embryo develop into a male. Hormones are chemicals which control many processes in the cell.

The hormone androgen causes the rest of the male reproductive system to develop.

If there is no male sex hormone present, the sex organs develop into ovaries instead of testes  and the rest of the female reproductive system develops.


Genetic disorders

There is a small number of disorders which are caused by faulty alleles of single genes and these are known as genetic disorders.

For example Cystic Fibrosis and Huntington’s Disorder.

Cystic Fibrosis

Cystic fibrosis is caused by a faulty recessive allele.
The symptoms are:
· Thick sticky mucus
· Chest infections
· Breathing difficulty
· Difficulty in digesting food

For a child to have a chance at inheriting this disorder, both parents must carry the recessive allele and be either carriers or suffers..

A carrier is a person that has the recessive allele but doesn’t show symptoms of the disorder.

A person with one recessive allele (in a pair of alleles) will not show the symptoms of the disorder but is a carrier and can pass the recessive allele to their children.


Huntington’s Disorder

Huntington’s disorder is caused by a faulty dominant allele.
The symptoms have a late onset.

Symptoms of Huntington’s  Disorder
· Tremors
· Clumsiness
· Memory loss
· Poor concentration/ inability to concentrate
· Mood changes

The symptoms are caused by faulty dominant alleles. 
You will need just one allele to inherit this disorder.

Uses of genetic testing
Genetic tests can be used on adults, children and embryos.

Genetic testing on embryos
Pre-implantation genetic diagnosis

This is when the female takes a fertility drug so that she releases several eggs.
In a small operation, the doctor collects the egg.
The man’s sperm fertilises the eggs in a petri test, which is in vitro fertilisation.
When the embryos reach the eight-cell stage, one cell is removed from each.
The cells are tested to see if they carry the genetic disorder. Only embryos without the genetic disorder are implanted in the woman’s uterus. 
The embryos with the genetic disorder are discarded.


Amniocentesis
This is used to test cells from the fetus to see if it has any genes for a faulty disorder.

Amniotic fluid containing some fetal cells is withdrawn using a syringe needle. It involves removing a small volume of the amniotic fluid which surrounds and protects the embryo. As the fluid contains fetal cells from the embryo, these can be examined under a microscope to count the number of chromosomes.

However, there is a small risk of infection, miscarriage and results aren’t reliable and take quite long.

Chorionic villus test

This is carried out during the pregnancy to check the baby for any disorders.
This involves using a suction tube to remove cells from the placenta.  These cells are taken from the chorionic villi and are examined under a microscope.

There is little risk of infection, miscarriage and the reliability of the results and it may take quite some time.


Genetic testing on children or adults


· Predictive testing for genetic disorders
Children and adults can be checked to see if they carry alleles for genetic disorders. Couples may want to find this out before they decide to have children for example.

· Testing an individual before prescribing drugs
Children and adults can also be tested before certain drugs are prescribed to them. These tests will be able to show the effect of the drugs on an individual i.e if the treatment will be effective or if the person is likely to have an adverse reaction towards it.

Issues of genetic testing

There are some ethical issues concerning genetic testing.

· The genetic tests may not be 100% accurate as there are often errors. This can be due to samples being contaminated or misinterpretation of results.  This means that there could be  a false positive ( a  healthy person being told they have a genetic disorder) or a false negative (someone with the disorder being told they are fit and well). This means that people may make important decisions based on the incorrect information.
· They may cause a miscarriage as they aren’t 100& safe as a result of cell sampling for the tests.
· Poses a question whether or not to have children at all if the test is positive.
· Poses a question whether or not to tell other family members.
· Whether the pregnancy should be terminated if the test turns out to be positive.

Implications of the use of genetic testing by others

Genetic screening programmes by employers or insurance companies

Employers

Employers can use genetic screening programmes to see if anyone has a genetic order .

This can be helpful so that they are not exposed to anything which may be harmful to them because of their genes.

However this can lead to discrimination as employers may not want to employ somebody who is likely to get ill due to their genes and alleles.


Insurance companies

Insurance companies may use genetic screening programmes to see assess a persons risk of dying. If they believe the risk is high, they may choose to charge higher premiums than average. 

Some people think that they will use it in the wrong way as they can refuse to give life insurance to many people.
Companies could demand that everyone should take the tests if they want to be insured.

Higher premiums if people are more likely to die earlier than average.
People may refuse to have a genetic test because they fear that they will not be able to get insurance. This may result in them missing out treatment that could keep them healthy.
People may not tell insurance companies if they know they have a genetic disorder.


Clones

Clones are genetically identical organisms they have the same genes and the same alleles of the genes.

This means that any differences between the clones would be due to the environment.

Bacteria, plants and some animals can reproduce asexually to form clones.

Some animals however can reproduce sexually as well to form clones.

Bacteria clones (Naturally)


Bacteria divides to form two new cells.
The two cells’ genes are identical to each other. 
Bacteria reproduce by dividing.

Animal clones (Naturally) sexual reproduction

Identical twins can be formed naturally.
This happens when a single cell is fertilised by a sperm cell and an embryo begins to develop as normal. 

Occasionally, the embryo splits into two, so two separate embryos begin to develop. 

These two embryos are genetically identical to two genetically identical babies are born.

Most identical twins are brought up together in the same family so their environment is very similar. 

However, sometimes twins are separated after birth and are adopted by different parents. This allows scientists to find out how much of their characteristics are caused by their genes and how much are affected by the different environments they live in.


Animal clones (Naturally) asexual reproduction

Animals can produce clones asexually by laying eggs.

Animal clones (Artificially)


Scientists can now make animal clones artificially in the lab.
They do this when the nucleus is taken out of an adult body cell and is transferred to an empty, unfertilised egg cell. 
The cell is stimulated and started dividing and the cells grow to produce a new animal. 
This animal will be a clone of the animal, which donated the nucleus (donor cell) as it will contain the same genetic information.


Plant Clones (Naturally)


Plants can make clones by asexual reproduction.

· This can happen when plants produce horizontal stems called runners that move out from the base of the plant and form new plants at their tips.

· Plants can also produce underground fleshy structures called bulbs which grow to form a genetically identical plant.



Plant Clones (Artificially)

Taking cuttings (see B4)


Stem cells
Most cells in the body are specialised and in multicellular organisms, cells become specialised during the early development of the organism.

However, some cells are unspecialised which means that they can develop into any type of cell depending on the instructions they are given.

The two main types of stem cells are adult stem cells and embryonic stem cells.

Embryonic stem cells
· Embryonic stem cells are cells found in the early embryos
· They are removed and then the embryo is destroyed
· They can specialise into all types of cells

Adult stem cells
· Types of unspecialised cells that can be found in adults 
· Involved in maintaining and repairing tissues 
· Can turn into some but not all cell types
· Don’t involve the destruction of an embryo.


Uses of stem cells:

Stem cells can be used in medicine to treat potential illnesses.

They may be used to grow new stem cells for tissues to repair faulty stem cells in tissues.

They can be used to replace other cells e.g nerve cells.
What are the issues with stem cells?

· Destroying a life – murder is always wrong
· Could lead to cloning which is difficult to control as it could go out of hand
· Depends on benefit vs risk




B2- Keeping Healthy
Infectious diseases

Infections are caused by microorganisms, which invade the body. Microorganisms are bacteria, fungi and viruses.
When disease microorganisms get inside your body, they reproduce very quickly because the conditions are right. If the conditions are right: warmth, nutrients and moisture. 
Also because viruses need other cells to reproduce and they use parts of the other cells to make copies of themselves and there are plenty of cells found in the human body making it a perfect place to reproduce.

Symptoms of an infectious disease are caused by 
· The damage done to cells by microorganisms when they reproduce
· The poisons (toxins) microorganisms produce

The immune system

White blood cells are part of the body’s immune system and can destroy microorganisms.

White blood cells can destroy microorganisms by:
· Directly engulfing and digesting harmful microorganisms
· By producing antibodies which will then destroy the microorganisms.

Antibodies

Antibodies are produced by the white blood cell and they recognise the harmful microorganism by the antigens they carry on their surface.

Antigens are 

Different microorganisms have different antigens so a different antibody is needed to recognise each different type of harmful microorganism.

The antibodies produced by a white blood cell so they then:
· Mark the microorganism so that other white blood cells engulf it and digest it
· Bind and neutralise the microorganism (viruses or toxins)
· Attach to the harmful microorganisms (bacteria) and kill them directly

Antibodies and immunity

Once the right white blood cell recognizes the antigens, it divides to make more identical cells which contain the right antibody to fight off the infection.

Once the white blood cells make the correct antibody to fight the microorganism, some of these white blood cells stay in the blood as ‘memory cells’ after the original infection has been fought off.

These memory cells are useful as they can reproduce very quickly if the same harmful microorganism enters the body (antigen).

These memory cells mean that they can produce lots of antibodies to go on and fight the infection before they reach a level that makes you ill. 

This is called immunity.


Vaccinations and Immunity

Vaccinations contain a safe form of a disease-causing microorganism (pathogen), which may be dead or inactive.

They provide protection from microorganisms by establishing memory cells that produce antibodies quickly upon reinfection.

The microorganisms in the vaccine still carry the same antigens on their surface, therefore white blood cells can detect the harmful microorganism and produce the correct antibody to go on and fight the disease.

Some of these white blood cells/antibodies will stay in the blood, this means that memory cells will be produced. This means that you are immune to the disease as these memory cells will produce the correct antibody to fight the harmful microorganism quickly upon infection before they reach a level that makes you sick

This means that the body reacts faster when invading microorganisms and destroys the microorganisms possible before any symptoms occur.

Epidemics and vaccinations

To stop an epidemic (a large outbreak of a disease) a large number of the population will need to be vaccinated in order to stop it spreading.

A large number of people will be vaccinated because it means that there will be fewer people around to pass the disease on to therefore the people who aren’t vaccinated are surrounded by people who are which makes the un-vaccinated population unlikely to catch the diseases.


If a significant number of people weren’t’ vaccinated, disease can spread quickly through them and a lot of people will be ill at the same time.


Vaccinations and their safety

Vaccinations and drugs can never be completely risk-free since individuals have varying degrees of different side effects to them.

Genetic differences mean that people react differently to drugs and vaccines. It can mean the length of time people are affected for is different.

Antimicrobials

There are chemicals called antimicrobials, which can be used to kill or inhibit bacteria, fungi and viruses (microorganisms which may be harmful).

An example of an antimicrobial are antibiotics, and they are effective against bacteria and fungi but not viruses (flu and colds).
Antibiotic resistance

Over time, microorganisms (like all living organisms) may develop random mutations in their DNA. 

These changes in the DNA can lead to changes in the microorganism’s characteristics for example; it could mean that the microorganism is less affected by a particular antimicrobial.

For microorganisms, this is a big advantage because it means that it is better able to survive even in a host who is treated to get rid of the infection. This means it will be able to live longer, and reproduce many more times so its chance or survival increases.

The fact that it lives longer to reproduce means that it is more likely to pass on its resistance gene (natural selection) and it will be more common in a population of microorganisms over a long period of time.

This can cause a problem for people who become infected with these microorganisms because you can’t easily get rid o them with antimicrobials. 

Preventing antibiotic resistance:

Two things increase the risk of antibiotic-resistant microorganisms spreading
· People taking antibiotics when they don’t need to
· People not finishing their antibiotics

Therefore to reduce this we should:
· Always finish a course of antibiotics
· Only take antibiotics if we really need to

This will help because if you finish a course of antibiotics, it is likely that all of the harmful bacteria will be killed. However, if you stop taking the antibiotics because you feel better, the microorganisms that are more resistant to the antibiotics will live to breed. Therefore they will increase in numbers and so a population of antibiotic-resistant bacteria soon grows.

Types of drug trials

New drugs and vaccines are tested for safety and effectiveness. This is done using animal and human cells grown in the laboratory.

1. This is first done by using animal and human cells grown by scientists in the laboratory. They test it on different types of body cells with the disease. 
The tests work out how well the chemical woks against the disease-how effective it is. It also gives  the scientists data  on how safe the drug is for the cells.

2. If the drug passes tests on human and animal cells, it is tried on animals.
This makes sure that the drug works as well in whole animals as it does on cells grown in the laboratory.

3. If the drug passes animal trials, it can then be tested on people. This is known as ‘human trials’ or ‘clinical trials’. It gives the scientists more data about the effectiveness and safety of the drug, scientists carry out human trials on healthy volunteers to test for safety

4. Then they carry out trials on people with the disease to test for effectiveness and safety


Human drug trials


1. The drug is tested on healthy volunteers to make sure it is safe.
      This is because sick people are more vulnerable to an damage that the drug           could do.
2. Then the drug can be tested on people with the disease for safety and effectiveness.

There are three different types of trials:

· Blind trials are where the patients don’t know if they’ve been given the drug or a placebo. This is because a patient who knows they’re being treated might feel better for psychological reasons even if there hasn’t really been an improvement. This may be because they need to look for certain unwanted harmful effects so get rid of any unwanted results.

· A double-blind trial is where the scientists monitoring nor the patient don’t know if they have a placebo or the real drug. This is so the scientists monitoring the patients aren’t subconsciously affected by their knowledge and neither the patients.

· In open-label trials, both the patients ad the research scientists are aware of the treatments that have been used. This is where you can’t mask the treatments being tested. This may be used if a treatment was being compared to another.
 
Placebos and their ethical issues

A placebo is a fake treatment, which don’t involve giving the drug to the patient. This is so you can compare the group of people who were given the actual drug with a group who were given the placebo. The control group is the group that has been given the placebo.

There are some ethical issues with using a placebo. For example it would be wrong not to offer the hope of a new drug to all the patients, so a placebo is no used for seriously ill patients. 

Long-term human drug trials

Long term human trials usually last a long time which is important because

·  it usually takes a while for a drug to have the effect it was designed for 
· it is important to find out if a drug has any side effects which may only appear after a long time.


Circulatory system

Blood circulates around the body in blood vessels. Oxygen and nutrients are carried in the blood to the body cells and waste substances such as carbon dioxide are carried away from the cells.

The heart is a double pumping organ which keeps blood flowing through the vessels. 

It has four chambers; the upper two receive blood and the lower two have thick muscular walls to pump theblood.

Blood enters the right hand side of your heart from your body and it flows into the right lower chamber which pumps deoxygenated blood to the lungs to collect oxygen and remove carbon dioxide.

Blood then flows to the upper chamber on the left hand side of the heart and then to the left lower chamber where it is pumps oxygenated blood which delivers oxygen to the rest of your body.

There are valves between the upper and lower chambers to make sure that blood flows in the right direction.

Heart muscle cells need their own blood supply because blood brings oxygen and food to cells and the cells use these raw materials as a supply for energy. Without energy, the heart would stop. Therefore it is important to deliver the blood to keep the heart beating continually.

Blood vessels

There are 3 types of blood vessels

Arteries take/ carry blood away from the heart  and to the body cells.
It has thick outer artery walls and a thick layer of muscle and elastic fibres, which are strong and elastic to withstand the high pressure of blood coming out from the heart.

Veins bring blood back towards the heart to the heart.
They have a thin layer of muscle and elastic fibres walls as the blood is under lower pressure than the blood in the arteries. The layer also allows the vein to be squashed when you move which pushes the blood back to the heart
They have a big lumen  (compared to the arteries) to help the flood flow more easily.
They have valves to keep the blood flowing in the right direction so stops the blood from flowing backwards.

Capillaries are branches of arteries and they take blood to and from tissues and exchange substances with these cells.
They have very thin walls (one cell thick), which increases the rate of diffusion by decreasing the distance over which it happens.
They also have permeable walls so substances can easily diffuse in and out, the supply nutrients and oxygen and take away wastes such as carbon dioxide.



Heart rate and blood pressure

Heart rate
A person’s heart rate and blood pressure can be used to check how ‘healthy’ a person is by comparing it against ‘normal’ measurements.
Heart rate can be measured by recording the pulse rate.
The heart rate is the number of times your heart beats in one minute. 
Your pulse rate is the number of times an artery pulsates in one minute.
The pulse is measured by pressing on the artery in the neck, wrist or groin.
They are inked as the (pulse rate) pulsation of an artery is caused by blood being pumped through it by the heartbeat, so by measuring your pulse rate it tells you the heart rate.

Blood pressure

Blood pressure is a measurement that records the pressure of blood on the walls of the arteries. 
This is a more accurate measure of how difficult it is for your heart to pump blood around your body.
It is recorded as two numbers e.g 120/80, The higher value is when the heart os contracting (blood forced out increases the pressure of the blood). The lower number is when the heart is relaxing (the heart fills with blood and the blood pressure decreases).

‘Normal’ measurements are given between a range of values because individual vary.



How does a heart attack occur?

The inner lining of an artery is usually smooth and unbroken, but high blood pressure can damage it 

Fatty deposits can build up in damaged areas of the arteries (blood vessels) and these deposits can restrict blood flow and cause the blood pressure to increase.

If a fatty deposit breaks through the inner lining of an artery, a blood clot can form around it therefore some heart muscle is starved of oxygen as it restricts blood flow.

A heart attack occurs when fat builds up in the coronary arteries.  The artery will become blocked off from the blood supply therefore receiving no oxygen. This means that a heart attack can occur.

Blood brings oxygen and food to cells. These cells use these raw materials as a supply of energy, without energy the heart would stop beating.
This can cause serious damage as the cells start to die known as a heart attack and may even lead to the death of a heart muscle which can be fatal


Heart Disease

Heart disease is  usually caused by a combination of lifestyle factors and/or genetic factors.
Poor diet
Eating foods high in saturated fat can increase the cholesterol levels
This means the risk of heart disease is increased as cholesterol makes up a large part of the fatty deposits which clog up damaged arteries.

Stress
If a person feels stressed for a long period of time, it can increase their blood pressure. This therefore increases the risk of heart disease.
Cigarette smoking
In Cigarette smoke, there is both carbon dioxide and nicotine.
Nicotine increases the heart rate; this means the heart contracts more often increasing their blood pressure so increases the risk of heart disease.
Carbon dioxide reduces the amount of oxygen the blood can transport. If a heart muscle doesn’t receive enough oxygen, it can lead to a heart attack.

Misuse of drugs (Ecstasy, cannabis, nicotine and alcohol)
Drugs like ecstasy and cannabis increases the risk of heart disease as they increase the heart rate which means the heart contracts more increasing the risk of heart disease.

Alcohol
Too much alcohol increases the risk of blood pressure

Heart disease is more common in the UK compared to non-industrialised countries because they can’t afford to spend money on junk food and they do jobs which provide exercise however here the jobs are mainly office based.

Reducing the risk of heart disease:
Regular, moderate exercise reduces the risk of developing heart disease. This is because exercise burns fat which prevents it from building up in arteries and strengthens the heart muscle against any attack.

How can factors be identified via Epidemiological studies

Epidemiological studies are studies which identify the patterns of disease and the factors which affect them.

They could study large groups of people which died or  suffer from heart disease and look for similarities in their lifestyle that may be linked to heart disease e.g smoking or poor diet.

They look at a large sample of people because it means that the results are less likely to be affected by chance.

Health studies sometimes compare two groups of people, it is important to match the people in the two groups as closely as possible.

How can factors of heart disease be identified via large scale genetic studies?

Genetic studies can identify the genetic risk factors.
This can be done by mapping the genetic makeup (alleles) of all the people and looking for similarities in their genes between people who are affected by heart disease.

Understanding the genetics that lead to heart disease will help us to   identify how much risk a person faces. A person who carries more than one –risk alleles- cam still reduce their risk by adopting a healthy lifestyle
Homeostasis

Homeostasis is balancing the inputs and outputs to maintain a constant internal environment.
The nervous and hormonal systems are involved in maintaining a constant internal environment.

The automatic control system:
Automatic control systems throughout the body maintain a range of factors at steady levels, which is required for cells to function properly.

Receptors-detect a change in the environment
Processing centres- receives information and coordinates a response
Effectors- produce the response

Negative feedback
A system where any change results in actions to reverse the change so the system goes back to normal

Negative feedback is a mechanism to bring the level of something in the body back to normal when it gets too high or to low.

Negative feedback between the receptor and the effector of a control system reverses any changes to the system’s steady state.

1. The receptor detects a change in the environment- level is too high/low.
2. The processing centre receives this information and coordinates a response.
3. The effector produces a response that counteracts the change so the level decreases or increases.

Water homeostasis

The body needs to balance the inputs and outputs of water so it has balanced water level, which is important for maintaining the concentration of cell contents at the correct level for cell activity.

Inputs of water- drinking, food and respiration
Outputs- breathing, in faeces and in urine and sweating

The concentration of your blood plasma determines how much water your kidneys reabsorb and how much you excrete in urine.

Kidneys
Kidneys play a vital. role in balancing levels of water, waste and other chemicals in the blood.
They produce dilute or concentrated urine in response to the concentration of blood plasma which is affected by external temperature and intake of fluids and salt.

The kidneys filter small molecules from the blood including sugar, salt water and waste.
They reabsorb various things such as all the sugar and as much salt and water as the body requires.
Whatever isn’t reabsorbed is excreted by the kidneys and stored in the bladder.

The concentration of blood plasma can be affected by factors such as external temperature, exercise level and intake of fluids and salt.

External temperature
Temperature affects the amount you sweat, which  causes water loss. When it is hot, the kidneys will reabsorb more water back into the body as you already are loosing water due  the sweat. This leaves a small amount of concentrated urine which will be excreted.

Exercise level
Exercise causes you to get hotter which release sweat to cool down. This means that more water will need to be re-absorbed by the kidney as you already are loosing some due to the sweat. This means it will leave a small amount of quite concentrated urine to be excreted.

Intake of fluids or salt
Not  drinking enough water will mean that more water will need to be re-absorbed by the kidneys so there will be a small amount of concentrated urine produced.
Eating too much salt absorbs the water which means the kidneys has to re-absorb more water so a small amount of concentrated urine is produced.

The level of blood plasma becomes higher when there is little water left.

Negative feedback in water homeostasis

1. The receptors in the brain detect any changes to the concentration in the blood plasma.
2. When the concentration of water is too high, it triggers the release of the hormone ADH from the pituitary gland in the brain. When the concentration is low, no ADH is released.
3. ADH travels in the blood to the kidneys which are the effectors. ADH affects the amount of water that can be reabsorbed back into the blood. The more ADH the more water is reabsorbed.
4. If more ADH is released- the kidneys re-absorb more water so small quantities of concentrated urine is formed.
5. If less ADH is released- the Kidneys re-absorb less water so large qualities of dilute urine is produced

ADH production
 The concentration of urine is controlled by a hormone called ADH, which is released into the bloodstream by the pituitary gland.

If more ADH is released then the kidneys will re-absorb more water.
If less ADH is released than the kidneys will re-absorb less water.

Drugs and their effect on urine

Alcohol
Alcohol suppresses the production of ADH so the kidneys will re-absorb less water.
This results in the production of a greater volume of more dilute urine being produced. 
This means more water passes out of the body as urine which causes dehydration.
This can make people very dehydrated which can cause dizziness, headaches and tiredness.
On-going dehydration can lead to adverse affects on health including  problems with kidney. , it can be harmful and eventually lead to death

Ecstasy 
Ecstasy increases ADH production resulting in a smaller volume of urine as more water is re-absorbed in the kidneys.
This means that less water can pass out of the body as urine.
 Ecstasy results in a smaller volume of less dilute urine being produced.
[bookmark: _GoBack]This also affects the body’s temperature control. The amount of water can become dangerously high causing seizures which can be fatal. Ecstasy also increases blood pressure and heart rate increasing the risk of a heart attack.
B3: Life on Earth

Species

Life on Earth began approximately 3,500 million years ago.

A species is a group of organisms so similar that
· They can breed together to produce fertile offspring (can also breed)

All life on earth (including species that are already extinct) evolved from very simple living things.

Species and genetic variation

There is variation between individuals of the same species and some of this variation may be genetic so can be passed onto offspring.

This variation helps species adapt to their environment as the best features get chosen over time.

The genetic variation occurs by mutations (changes) in the genes, therefore the offspring can be passed on this variation.

The mutations may occur for several reasons, for internal factors when mistakes occur when genes are coped during cell division, or by outside factors like exposure to radiation or harmful chemicals.

If mutations occur in body cells they have little or no effect, although they can cause cancer by causing cells to divide.

However, if mutations occur in the sex cells, they can be passed on to offspring’s and occasionally may produce new characteristics.

Some of these characteristics may be harmful, however others may help the organism survive, so are passed on to the next generation.

This means that over time, a species will become more and more adapted to the environment that they are living in. 
Therefore animal and plant species can live in many different environments and is possible because they have features that help them survive in their environment- these features are known as adaptations.

The adaptations make it more likely that the species as a whole will survive as  individual organisms increase the species’ chance of survival by making it more likely that individuals will survive to reproduce therefore the species as a whole will continue to exist in the environment.
Examples of adaptations:

Cactus plants

Cactus plants are well able to survive in hot, dry desert conditions because they have special features which increase their chance of survival.

· They store water in their thick stems which is helpful as they can use it to survive when there isn’t much water around, especially as the desert is dry. They also have large root systems that help get water from deep in the soil, and the extensive roots ensure that a majority of the water is absorbed quickly over a large area and deep in the soil

· Cacti have a rounded shape which gives them a small surface compared to their volume which reduces water loss.

· They have a thick waxy layer on the outside (cuticle) reducing water loss. 

· leaves which are reduced to hard spines. This further reduces water loss by reducing the surface area.

Fish

Fish are well able to live in aquatic environments so they have special features which enable them to live in water.

· They have streamlined bodies and a smooth surface of skin which means they can move through water efficiently with as little resistant as possible.

· They have fins which keep the fish balanced in the water and keep them stable as they move along. The tail fins have a large surface area which is used to propel them through the water.


· A swim bladder organ is used to give the fish buoyancy in water, they can adjust the amount of gas in their swim bladder to change their depth in the water without having to use energy

· They have gills which extract oxygen dissolved in the water for respiration which produces energy for the fish to use. The oxygen diffuses from the water into the fish’s blood across the large surface area of the gills.


Natural selection

Natural selection is when certain individuals are better suited to their environment, so they are more likely to survive and breed passing on their features to the next generation.

Living things all show variation and some is genetic. The genetic variation can be passed down to offspring.

This genetic variation is caused by mutations (changes) in DNA.
This can because internally by mistakes from cell division or external factors like radiation and chemicals.

If this mutations occur in sex cells not body cells, they can be passed on to the next generation.

If they occur  in sex cells they can occasionally produce new characteristics.
Some of these characteristics can be harmful however some can help the organism to survive (benefit it) so is passed on to the next generation.

The beneficial characteristic mean that some varieties of the species have an increased chance of survival, so are more likely to reproduce and pass on their genes.

This means a greater proportion of the individuals in the next generation will have the beneficial characteristic caused by the genetic mutation.

Over many generations, the species as a whole is better able to survive as the beneficial characteristic is naturally selected and passed down to the later generations so the species becomes more adapted to the environment.

This is the process of evolution


Selective breeding

Selective breeding is when humans deliberately choose a feature in an organism which is appealing and seem beneficial to them and want to appear in the later generations so they only breed from animals or plants with the particular characteristic. Therefore, the majority of the organisms in the next generation will have that particular characteristic.

This feature however is only beneficial to humans in whatever way so does not help with the survival of the animals..

E.g the most resistant to disease or the biggest crop yield

Similarities and differences between natural selection and selective breeding

Natural selection occurs in nature but selective breeding only occurs when humans intervene.
Natural selection and selective breeding causes a change of features within a species.
Unlike natural selection, selective breeding doesn’t select features which necessarily help with the survival of the organism as it is more focus in features which are beneficial to humans.

The favourable characteristics in both are passed on to the next generation.
Due to differences in the genes.

Both show animals evolving.
In the end, desirable traits are achieved.

Natural selection is caused by death of animals which can’t survive, selective breeding is just achieved by humans outgrowing the population.

Darwin vs Lamarck


Darwin believed in the theory of evolution by natural selection. (see above under Natural Selection)

Lamarck argued that if a characteristic is used more and more by an organism, it becomes bigger and stronger, and one that is not use eventually disappears.
Any feature of an organism that is improved through its use, is passed on to its offspring.

He said that ‘nature’ had started with simple living things and at each generation, these got more complicated. If this kept happening, simple living organisms would disappear. However his ideas didn’t account for some observations for example why simple living organism’s still existed on Earth.

Darwin’s idea could account better for these observations and it also linked together variation and competition.

It was better because:
It was the result of many observations and creative thought applied to his findings.
· It fits with the advanced understanding of genetics
· There was no evidence or mechanism for inheritance of acquired characteristics
· Animals didn’t have a genetic basis so they are unable to be assed on to the next generation.

Evidence in Darwin’s favour

· Fossil record shows how much or how little organisms have changed over time. However, it contains gaps as not all organisms fossil well and many are destroyed by the movements of the Earth or haven’t been discovered.
· Peppered moths- airborne pollution meant the mutant black moths were now camouflaged.
· Antibiotic resistant bacteria
· DNA- scientists can analyse DNA from two different species and see how closely related the two species are to each other.

How can a new species be formed in the process of evolution?

A new species can be produced by a combined effect of:
· Environmental changes
· Mutation
· Natural selection
· Isolation

Mutations
Mutations produce differences in species, and these differences can be genetic and be passed on in the sex cells.
Most mutations don’t have an effect however some can be harmful or even beneficial.
The beneficial characteristics through natural selection can be passed on to its offspring.
These mutations can create new features in a group of organisms.

Environmental changes
If the environment changes, then only some of the population will survive. This will be done by natural selection where only individuals with features that make them adapted to the new environments will survive. 
If they are a benefit to the population, these features will pass through the population.

Isolation
Populations that are isolated from each other, will have no contact with other organisms. This means they will have to reproduce with other members of their own populations but will never meet organisms from other populations.

Sometimes, a variation may arise in one population that prevents the organisms from reproducing successfully with those from neighbouring populations, even if they were able to meet.

This is called reproductive isolation and means the isolated population has become a new species.


Interdependence 

Living organisms are dependent on the environment and other species for their survival.
They are dependent on the environment for resources such as:
· Light
· Food (for animals) minerals (for plants)
· Water (vital for all living organisms for survival(
· Oxygen (animals and plants) carbon dioxide (plants)
If any of these factors are in short supply, the different species will have to compete for it.
If there’s not enough for all the organisms, some of them won’t survive.
Therefore this limits the size of the population in that habitat.

Organisms are also depended on other organisms for its survival, mainly for food. This is known as interdependence (mutual dependence amongst living things.

Food web

A food web shows the interdependence of living organisms, it is simply a number of food chains joined together.
The interdependence of all living things in a habitat means that an major change in the habitat can have far-reaching effects.

For example, a new animal coming into a food web can affect the plants, animals and microorganisms already living there. The loss of one organism will also affect other organisms in the food web.

Living organisms are dependent o nthe environment and other species for their surcival so when the environment changes, organisms are not as well adapted to it.

Individuals who are poorly adapted to their environment, are less likely to reproduce than those who are well adapted.
Therefore, it is possible that a species that is poorly adapted to its environment will become extinct.
When all the animals of a species die, the species become extinct.

The factors that can cause a species to become extinct are:
· If the environment conditions change beyond its ability to adapt
· A new species that is a competitor, predator or disease organ (can wipe out the native population)
· Another species, plant animal or microorganism in its food web becomes extinct

Depending on a sun’s energy in an ecosystem

Nearly all organisms are dependent on energy from the Sun.
The Sun provides energy to keep the Earth’s atmosphere warm and to drive the production of food chemicals.

1. Food chains all start with plants which are the producers as they are autotrophs they can make their own food and don’t rely on other organisms for food). 
2. Plants absorb a small percentage of the Sun’s energy for the process of photosynthesis. They use this energy to build up organic compounds such as glucose from carbon dioxide and water.
3. The absorbed energy is stored as chemicals compounds which make up the plants cell.
4. These compounds may be broken down during respiration to release energy.
5. The energy stored in plants can be transferred to other organisms in an ecosystem as the plants are eaten or when they decompose and the organic material is fed on by decay organisms such as decomposers and detritvores.
6. The energy obtained by the consumers is used for a number of life processes.
7. Some energy will be lost however. This can be done :
· Escapes into the environment via heat energy
· Is used for life processes in the organism such as movement
· Is excreted as waste and passes to decomposers
· Uneaten parts passed to decomposers (e.g bones)

Therefore, as less energy is transferred at each level, the number of organisms at each level is smaller as there won’t be enough energy to support much more animals. Therefore, the food chain is limited to only a few levels.
It is limited to producers, primary consumers, secondary consumers and tertiary consumers. 

Energy also flows into decomposers and detritvores as they feed on dead organisms and waste material. Bacteria and fungi are decomposers. Detritvores as small animals like woodlice.


Efficiency of energy transfer in a food chain:

Efficiency =  energy available to the next stage
                      Energy that was available to the previous stage        x 100


The Carbon Cycle 

All cells, bacteria , animal or plants contain carbon because they contain proteins, fats and carbohydrates.
Carbon is passed from the atmosphere as carbon dioxide to living things and returned to the atmosphere as carbon dioxide again.

1. Carbon dioxide is taken out of the atmosphere by photosynthesis in plants. Plants use the carbon dioxide and water to produce food molecules such as glucose. This glucose can be incorporated into carbohydrates, fats and proteins.
2. Organisms return the carbon dioxide to the atmosphere by respiration. These organisms include plants animals and microorganisms. The glucose molecules are broken down and carbon dioxide is produced.
3. When an animal eats a plant, carbon compounds from the plant becomes part of the fats and proteins in the animal. 
4. Microorganisms and some animals may feed on the waste materials and dead remains of animals and plants (decomposition). The carbon compounds then become passed on to them. The carbon compounds become part of a new organism in the system.
5. Carbon dioxide is also added to the atmosphere by the combustion (burning) of wood and fossil duels such as oil, gas coal and petrol. This is because the remains of carbon compounds from the organisms become fossilised into the rock due to intense heat and pressure. When these rocks are burnt as fossil fuels, they release the carbon dioxide that was trapped.
6. Volcanic activity also releases carbon dioxide into the atmosphere.

The Nitrogen Cycle

1. Plants and animals need nitrogen to make proteins. They cannot get nitrogen from the air because as a gas nitrogen is fairly unreactive. Therefore, plants take up nitrogen compounds such as nitrates and ammonium salts from the soil
2. Nitrates in the soil that plants take up are made using nitrogen from the air. This is done by the process called nitrogen fixation. This is done in 3 ways:
· There is so much energy in lightening that it can split nitrogen molecules into individual nitrogen atoms. These can react with oxygen to form nitrogen oxide. Nitrogen oxides are washed to the ground by rain where they form the nitrates in the soil.
· Nitrogen-fixing bacteria can turn nitrogen gas into nitrates. These bacteria live in the soil and inside swellings on the roots of leguminous plants. 
· The Haber process used by industry to produce ammonia from nitrogen and hydrogen. Ammonia is used to make nitrogen compounds that are used as fertiliser by farmers. These are easy to take up by the plants.
1. Plants take up these nitrates and use them to make proteins. Primary consumers (herbivore animals) eat plants and digest the plants proteins and use the products of amino acids to make their own animal proteins.
2. When plants and animals die, they decompose. The decomposer bacteria break down the proteins in dead organisms. This release nitrates back into the soil so they are available for plants to absorb once again.
3. Nitrogen in waste from excretion (urine and faeces) is also recycled by nitrifying bacteria as they convert the ammonia found into nitrates which are then placed back into the soil.
4. Denitrifying bacteria break down nitrates in the soil and release nitrogen gas back into the air. This process is known as Denitrification and is of no use to living organisms.



Measuring environmental change

Environmental change can be measured using non-living indicators such as :
· Nitrate levels
Nitrate levels can be used as an indicator of environmental change in a body of water.
An increase  water being polluted e.g sewage or fertilisers
As chemical fertiliser contains nitrates, it is very soluble in water and water rich in nitrates can drain from fields into streams, raising nitrate levels in the water.
Measuring nitrate levels allows changes in water quality to be measured.

· Temperature
Temperature measurements will vary frequently all the time throughout the day.
However temperature measurements over a long period of time could indicate that the cliate changing.
A rising temperature over a period of time could slow signs of global warming.
But a decreasing temperature over a period of time could show signs of an ice age.
· Carbon dioxide levels
Carbon dioxide levels can be used to measure environmental change in the air.
An increase in carbon dioxide is linked to the rises in the global temperature of the earth called global warming.

Climate and environmental change can also be measured using living indicators such as:

· Phytoplankton
Phytoplankton are tiny floating plants found in seawater. 
High levels of nitrates can cause the rapid growth or phytoplankton to form in massive ‘algal blooms’.
A massive increase in the population indicates that the water is being polluted.
Measuring the amount of phytoplankton (microscopic organisms) allows changes in water quality to be measured.
· Lichens 
Air quality can be monitored by studying the types of lichen surviving in a particular area.
Some species of lichen can grow in high levels of nitrogen compounds in the air, while others are very sensitive to nitrogen compounds and will only grow in places with no air pollution.
Sensitive species are usually more feathery types.
They become locally extinct when the air pollution rises.

· Aquatic river organisms like mayfly nymphs
If raw sewage enters a water stream, the bacterial population in the water increases and uses up a lot of the oxygen. Decomposer bacteria break down dead plankton and the bacteria respire using up the oxygen dissolved in the water.
Some animals need high levels of oxygen to survive in water such as mayfly larvae, cannot survive in a water that contains a high level of pollutants such as nitrates.
A large population of mayfly nymphs indicates that the water isn’t polluted.


Classification

Organisms are classified into groups according to similarities and differences in characteristics which include:
· Physical features (e.g flowers in flowering plants and the skeleton in vertebrates)
· DNA

Organisms are classified at different levels and these levels can be arranged in order progressing from large groups containing many organisms with a small number of characteristics in common (e.g kingdom) to smaller groups containing fewer organisms  with more characteristics in common (e.g species)

The classification of the living and fossilised organisms can help to:
· Make sense of the enormous diversity of organisms on Earth
· Show the evolutionary relationships between organisms

Biodiversity

Biodiversity refers to the variety of life on Earth and includes:
· The number of different species
· The range of different types of organisms e.g plants, animals and microorganisms
· The genetic variation within species.


Biodiversity is important for the future development of crops and medicines.

It is important for medicines as many medicines come from wild plants and animals, and there may be many other medicines in plants that haven’t been found yet. By ensuring there is biodiversity, it won’t limit the resources to make medicines. Without biodiversity, it may mean some cures will never be able to be found.

Biodiversity is important as it provides more resources and genetic variation within the species so we can develop new food crops. Wild plants with a larger genetic variation can be developed by selective breeding to produce new food crops.
Also, ecosystems with a high biodiversity tend to cope easily with disasters like droughts.  This is because it is more likely that the species will survive as individual’s  will become better adapted to the changed conditions. However, some species may not survive, but if there is a diverse range od species, then some will survive.

Rate of extinction

The rate of extinction of species is increasing.
This is likely to be due to human activity because there is a correlation between the growth of the world’s population and the number of species extinct.
Humans can cause extinction by directly shooting at animals and hunting them.
Humans can also cause extinction indirectly by destroying an organism’s habitat or by introducing new species which it can’t complete with.

Sustainability

Sustainability means meeting the needs of the people today without damaging Earth for the future generations.

Managing biodiversity is one of the keys to sustainability.
Loss of biodiversity means that the future generations won’t be able to get the things from the environment that we can today.
Like food, or medicine.

Large-scale Monoculture

Monoculture is the continuous production of one type of crop that is often genetically uniform. 
This is not sustainable because pests and diseases can easily harm the crop. This means that the farmers often have to use a lot of chemical pesticides to control them. This can harm the environment so is not viewed as sustainable. Using large fields and pesticides reduce the variety of species which hinders biodiversity.

Also, it could threaten the food supply as if a natural disaster occurred, the whole crop could be wiped out.

Improving sustainability

Packaging can be a major environmental problem.
This is because usually, they are thrown away and isn’t sustainable because:
· Most waste is thrown into landfill sites which uses up space and damages the surroundings
· Lots of energy was used to produce it and produced fossil fuels therefore damaging the environment
· It reduces the resources available to the next generation as these won’t have been re-used.


Biodegradable materials
The use of biodegradable packaging is an option to tackle this problem, as when put in landfill sites they decompose quickly unlike a lot of packaging currently used.

These are made from more plant-based plastics instead of oil-based plastics.
They should decompose in a landfill site, which only produces carbon dioxide and oxygen.
However, the landfill sites often lack oxygen and the bacteria that decompose waste need to have oxygen.
This oxygen deficiency prevents the breakdown of the waste, any decay that does occur in low-oxygen conditions produces methane, a powerful greenhouse-gas.
This means they decompose slowly in oxygen-deficient landfill sites.

However, it would be preferable to decrease the use of some materials including packaging materials even when they are biodegradable.
This is because it would reduce the amount of resources and energy used to make the original packaging materials and transport them.
It would also avoid the need to collect, transport and recycle the waste, saving more energy and reducing carbon dioxide emissions.
There is also still a slow decomposition of biodegradable waste, therefore it is better to still decrease the use of materials overall.

How can sustainability be improved in packaging of materials?

· Consider the materials used
We can use renewable materials like paper and card if we plant trees after to replace the ones used, instead of non-renewable materials like plastics made from oil
· Consider the energy used
Making packaging from recycled materials uses less energy as you don’t have to produce new materials or extract them.
· Consider the pollution created
Biodegradable plastics rot more easily so produce less pollution overall compared to normal plastics.
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