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2.5 Genetics 

 

Objectives 

At the end of this sub section students should be able to: 

2.5.7 Causes of variation 

 

1. Define variation and mutation 

2. List the causes of variations and mutations 

3. List the types of mutations 

4. Discuss the causes for  and effects of increased mutation rates 

 

 

 

VARIATION 

Variation means the differences in characteristics between members of the same species. 

Variations can be acquired (‘picked up’ during the life of the organism) or inherited (genetic – can be 

passed on to next generation).  

 

Causes of inherited variation: 

 Sexual reproduction  
Gamete formation - independent assortment of homologous chromosomes during meiosis ensures genetic 

variation among gametes. 

Crossing over  - of linked genes, during meiosis, enhances genetic variation 

Recombination - random fertilisation between gametes from different parents ensures variation. 

 

 Mutation - this is any sudden change in the amount or structure of DNA. 

 

There are 2 types of mutation: 

 

Gene mutation: 

a change in bases in the gene.  This alters the amino acid sequence of the protein controlled by that gene. 

The bases may be altered by deletions, insertions and substitutions. They usually make the gene non-

functional or recessive. 

e.g.  

 Sickle cell anaemia – an inherited blood disorder caused by a mutation in the haemoglobin 

gene. Mutation is common in black people in tropical climates.  

If homozygous for disease (Hb
S
Hb

S
) you have severe anaemia with blocked blood capillaries and 

tend to have a short life expectancy (rare).  Haemoglobin has 146 amino acids.  A person 

homozygous recessive produces one incorrect amino acid. The haemoglobin is insoluble and the 

red blood corpuscles change shape (curved or sickle shape).  This causes the breakdown and 

clumping of red blood, which leads to paleness, weakness, heart failure, severe pain, damage to 

brain and other organs and very often death. 

Treatment = blood transfusion.  Maybe a bone marrow transplant may provide a permanent cure 

in the future. 

If heterozygous (Hb
A
Hb

S
) – sickle cell trait – you have generally good health, with only some 

anaemia and tiredness.  Heterozygotes have the advantage of being resistant to severe forms of 

malaria. 

 

 Cystic fibrosis – the inability to remove mucus from the lungs.   

Name: 
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The gene codes for a protein found in cell membranes that controls the flow of chloride ions into 

and out of the cell.  This results in thick mucus that clogs the lungs and stops the correct 

functioning of the pancreas and liver.  

 

 

 

 

 

Chromosome mutation 

- a change in chromosome number or alteration of genes within a chromosome. 

Potentially more harmful because of the number of genes involved. 

 

 Change in chromosome number 

Tend to be harmful in animals and humans but beneficial in plants e.g. Down’s Syndrome. 

This is due to having 47 chromosomes – an extra ‘number 21’ in every body cell.   This happens because 

one gamete had an extra copy of this chromosome. During meiosis homologous chromosomes failed to 

separate and hence, two of the gametes had no number 21 and two had two copies of the chromosome. 

Symptoms:  ‘Mongoloid’ appearance, large tongue, small hands and fingers, defects in heart, almond-shaped 

eyes, round faces, mental retardation, reduced resistance to disease. 

 

 

CAUSES OF MUTATIONS 

Spontaneous mutations- Faulty DNA replication making ‘mistakes’ or when DNA fails to repair properly. 

Mutagens - agents that cause mutations (speed up spontaneous rate of mutation e.g. 

 Ionising radiation such as X-rays, UV rays, cosmic rays, //gamma rays. Harm DNA indirectly 

and effect can accumulate in body over years.  Can also harm gametes. UV alters DNA structure 

directly & cause mutations in skin cells – skin cancer. 

 

 chemicals e.g. formaldehyde, tobacco smoke, caffeine and many drugs, preservatives and pesticides.  

Many are carcinogenic. 

 

 

 Some viruses and ageing may cause mutations. Hepatitis B virus can cause liver cancer. 

 

Somatic cell mutations may give rise to benign tumours e.g. warts or malignant tumours (cancer) but the 

mutation is not inherited.  Sex cell mutations are inherited.  

 

2.5.1 Variation of Species 

2004 OL 

3. Indicate whether the following are true (T) or false (F) by drawing a circle around T or F. 

Organisms of the same species can usually produce fertile offspring   T F 

2007 OL 

4. Complete the following sentences by adding the missing word or symbols or number. 

(a) Genetics is the study of …..…………….………………………………………………………… 

 

2009 OL 

10. (c) (i) What is meant by the term species? 
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2004 HL 

2. The diagram shows the distribution of heights in a group of men between the ages of 18 and 23 

 
What term is used by biologists to describe differences within a population with respect to features such as 

height? …………………….………... 

2006 HL 

12. (a) (i) Explain the following terms as used in genetics: species, variation. 

(ii) Give one cause of genetic variation.      (9) 

2009 HL 

10. (c) (i) Explain the term species. 

(ii) Within a species a considerable degree of variation is usually seen. 

1. What is meant by variation? 

 

 

 
 

 

 

 

 


