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

[bookmark: _GoBack]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
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