2.5.7      Variation 


Learning outcomes
	At the end of this section you should be able to …..
	Y
	N

	Understand variation arises from : sexual reproduction and mutations.
	
	

	Define Mutation
	
	

	Give characteristics of mutant alleles e.g. random occurence, low frequency.
	
	

	Identify 2 types  of mutation: Gene and chromosome
	
	

	Give an example of each
	
	

	Gene mutation e.g. sickle-cell anaemia
	
	

	Chromosome mutation e.g. by number change in Downs syndrome
	
	

	Contemporary Issue
	
	

	List 2 agents responsible for increased mutation rates
	
	


Summary

Variation from:

 1.  Sexual reproduction 

Sexual reproduction is responsible for most of the variations that arise in each generation of offspring.

Sexual reproduction causes variation for 3 main reasons:

· Independent assortment of chromosomes at meiosis. Any member of a pair of alleles can combine with either of another pair of alleles.

· Crossing over increases variation due to the exchange of genes.

· Fertilisation : As one set of information comes from each parent, the offspring can have a different combination of genes than either of the original parents and thus will be different to both of them.

Variation from :

2.  Mutations
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· Mutations can arise anywhere at random on a chromosome.

· This can affect genes or groups of genes.

· The number of mutations which survive is very low because cells have enzymes which repair damaged DNA.

· Because genes code for proteins, any change in its sequence of bases will mean it can no longer form the correct protein. 

· Mutations are usually recessive. 

· Diploid cells contain a dominant allele which masks the effect of the mutant gene and therefore will not affect the characteristics of the diploid organism.

· Many mutations are harmful although some can be beneficial. If a mutation is beneficial it will be maintained by Natural Selection.
· Mutations in somatic (body)cells are generally not harmful as the altered gene may not have been active in that particular cell. However, a mutation that causes a change in the rate of mitosis can result in the formation of a tumour.

· Mutations in gametes are much more serious as they get passed onto every cell.

· They may give rise to genetic defects in the offspring which may affect generations to come.

· Mutations may arise because DNA does not produce exact copies of itself  or if it fails to repair itself properly. This type of mutation is known as Spontaneous mutations.

Types of mutation:

1. Gene mutation e.g. sickle-cell anaemia

· This is an inherited blood disorder caused by a mutation in the haemoglobin gene. The mutated gene is recessive.

· A single copy of the gene is found in about 10% of healthy black Africans while 1% are homozygous recessive. 

· Also common in people born near Mediterranean.

· Haemoglobin normally has 146 amino acids.
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· A homozygous recessive person produces haemoglobin with one incorrect amino acid.

· This results in the formation of haemoglobin which is insoluble and has a sickle cell shape. It is less efficient at carrying oxygen than the normal concave shape.

· This causes breakdown and clumping of RBC which can lead to paleness, weakness, heart failure and often death.

· Treatment is by blood transfusion.

As the mutation is recessive a person would need to inherit the gene from both its parents in order to suffer from the disease.

A person who receives one copy of the gene suffers no symptoms and is known as a carrier.

Inheritance of sickle cell anaemia: Simple Mendelian fashion
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2. Chromosome mutation e.g. by number change in Down’s syndrome

Chromosome mutations arise as a result of a change in the 

· Structure of an individual chromosome

· Number of chromosomes

Down’s Syndrome

Downs syndrome is the result of a change in the number of chromosomes.

1 in 1,000 children have this condition.

Symptoms include characteristic almond shaped eyes, protruding tongue, short stature, mental retardation.

These children have an extra copy of chromosome number 21.

This happened because one of the gametes had an extra copy of the chromosome.

When the cell producing the gametes divided by meiosis it failed to segregate the homologous chromosomes.

Two of the four gametes had no copy of chromosome 21.

Two of the gametes contains two copies of the chromosome.

If the gamete with the extra chromosome is fertilised by a normal gamete the result is Down’s syndrome
Chromosome mutation e.g. Down Syndrome







Mutagens speed up the rate of mutations 
Examples:

Ionising radiation e.g. x-rays, gamma rays, cosmic rays, UV radiation.

Chemicals e.g. formaldehyde, tobacco smoke, caffeine, some preservatives and pesticides


Phenylketonuria
A gene in  DNA codes for an enzyme that breaks down a specific amino acid called phenylalanine found in milk.
 In some individuals, this gene is missing or defective. They cannot  make the enzyme and cannot break down phenylalanine.
 As infants, if these individuals receive regular milk or milk products, the unbroken phenylalanine will accumulate and cause brain damage This condition is called phenylketonuria.

 A genetic test (heel prick) is conducted at birth that can identify these babies, who can then be fed milk products lacking phenylalanine (such as soy milk). 
A mutation is a change in the amount or structure of DNA.








One incorrect amino acid





The sickle cell haemoglobin has a Val instead of Glu.


The allele which causes sickle cell disease differes from the normal allele by a change in a single DNA base pair.
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Contemporary Issues


Two agents responsible for increased mutation rates








