
 

Mutations 

 

Ability of a cell to survive depends on the instructions carried by the 

DNA.  If DNA damaged, cell cannot make correct proteins 

 

Cells have evolved many ways to make sure any damage to DNA is kept 

to a minimum. The most dangerous time for DNA = when cell is 

replicating 

One of the enzymes involved in controlling this process is DNA 

polymerase – this effectively proof reads the DNA copies to make sure 

all base pairing is correct 

If an A nucleotide incorrectly slots against another A nucleotide the DNA 

polymerase will remove it and replace it with a T nucleotide before 

moving on. Errors do sometimes slip through though.  Most of them are 

recognised and repaired 

 

Different types of mutations 
 

Mutation = unpredictable change in genetic material of the organism 

 

Gene mutations can happen at any time but are most likely during DNA 

replication at interphase 

There are 3 basis types of gene mutation: 

 

1. ADDITION – An extra nucleotide is inserted – so an extra base is 
added to the sequence 

 

2. DELETION – A nucleotide is removed 
 

3. SUBSTITUTION – A nucleotide is replaced with one with a different 
base 

 



 

Others include the inversion of a sequence of bases or duplication of 

bases 

 

The effect of the mutation depends on how much the code is disrupted.  

A single substitution will only affect one codon and so may not have any 

or much of an effect 

 

An addition or deletion may affect all the codons beyond the error and so 

may affect the sequence of amino acids in the protein being coded for.  

This is called a FRAME SHIFT 

 

This often affects the 3D structure of protein and its function 

 

All of the different alleles of a gene must once have been produced by 

mutation.  If the new allele codes for a useful protein it will be passed on, 

if it is harmful it is unlikely to be passed on.  This is the process of 

natural selection 

 

Mutations in body cells cannot be passed on to offspring.  Only 

mutations in sex cells can be passed on 

 

Often an allele cannot spread because its effects are too damaging.  

E.g. if the protein coded for in the original allele is vital and the organism 

cannot produce it then the organism will not develop 

 

Gene mutations occur naturally at random.  As we get older, more and 

more cells contain gene mutations 

 

 

 



An example of a gene mutation – sickle cell haemoglobin 
 

 

There are many mutations in the gene coding for 2 of the polypeptides in 

the haemoglobin molecule 

 

The mutation we are looking at is in the gene coding for the amino acid 

sequence in the  chains 

 

The  polypeptide chains each start with the following sequence of aa 

 

Val-his-leu-thr-pro-glu-glu-lys 

 

But in some people the  chains contain a different aa sequence 

 

Val-his-leu-thr-pro-VAL-glu-lys 

 

There is just 1 difference 

 

This small change has a large effect on the behaviour of the 

haemoglobin molecule 

 

This part of the polypeptide chain is on the surface of the haemoglobin, 

where it interacts with water molecules in the cytoplasm of the RBC 

 

Glutamate has a hydrophilic side chain, valine has a hydrophobic side 

chain 

 

Valine can bind with a hydrophobic dent on the surface of another 

haemoglobin molecule when it is not combined with oxygen 



 

In people with this sort of haemoglobin problems arise when their blood 

does not contain much oxygen e.g. during strenuous exercise 

 

The haemoglobin molecules stick to each other forming long fibres 

inside RBC 

 

The fibres pull the RBC out of shape into a ‘sickle’ shape 

 

The RBC no longer carry oxygen and can get stuck in narrow capillaries 

 

The person suffers from lack of oxygen in tissues – SICKLE CELL 

ANAEMIA 

 

The change is all due to the genes coding for the  polypeptides having 

one base different from normal 

 

Usual allele of this gene has base triplet CTT – Glutamate.  Sickle cell 

haemoglobin base triplet – CAT – valine 

 

Just this single base change causes all the symptoms 

 

 

 

 

 

 

 



Mutations and Cancer 
 

Cancers develop when mutations occur in the genes that control cell 

division with the result that unchecked irregular growth takes place and a 

tumour develops 

 

The frequency of mutations that lead to cancer is increased by 

MUTAGENIC AGENTS 

 

The causes of mutations 
 

They may occur spontaneously – for no apparent reason 

 

Factors increasing chance of mutation = MUTAGENS 

 

Many chemicals are mutagens especially organic compounds like tar in 

tobacco smoke 

 

 

 


