
 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

  

Sources of Variation 

Variation 
 
Phenotypic Variation is the differences in physical features (traits) within a 
population. This is a result of both genetic and environmental factors. 
 
Genetic Variation is the number of different alleles within a population. 
 

 

Segregation 

Independent Assortment Crossing Over 

 

The Importance of Variation 
 

Variation ensures that if conditions change (climate, resource availability,  
disease, the introduction of a new predator, etc) some individuals will have 
adaptations that enable them to survive and reproduce, ensuring the survival of the 
species. If there is little variation within the population it may die out (extinction).  

 

Mutations - Permanent changes to the base 
sequence of an organisms DNA. Mutations are 
the ultimate source of all variation as they can 
produce new alleles. Mutations can occur 
during both sexual and asexual reproduction. 
Mutagens are factors that cause mutations. 

 
Sexual Reproduction - two parents contribute 
genetic information to produce unique 
offspring. Meiosis, a special type of nuclear 
division, produces gametes (sex cells) with half 
the normal number of chromosomes. During 
meiosis segregation, independent assortment 
and crossing over ensure that gametes  
carry a unique combination of alleles. 
 
Random Fertilisation - Egg and sperm  
combine randomly with many different  
possible combinations. 
 
Environmental Factors - can alter the 
expression of a phenotype. This is also called 
non-heritable or acquired variation because it 
cannot be passed onto offspring. Most traits  
that are determined by our genes are still 
influenced by the environment too (e.g.  

height is also affected by nutrition) 

Meiosis is a type of nuclear division that generates cells 
with half the normal number of chromosomes for sexual 
reproduction. Meiosis is plays an important role in 
generating genetic diversity in species that reproduce 
sexually. Meiosis occurs in specialised germ cells found 
within the sex organs (testes/ovaries). It produces four 
haploid (n) daughter cells that are genetically different.  
 
Before meiosis can begin each chromosome is replicated so 
that it consists of two copies (chromatids) held together at 
the centromere.  
 
Chromosomes then condense and become visible under a 
light microscope. The nuclear membrane disintegrates and 
spindle fibres start to form (this is the first step shown 
above). The homologous chromosomes then pair up across 
the centre of the cell, often exchanging small segments of  

DNA with one another. The chromosomes attach to 
the spindle fibres and are pulled apart (known as 
disjunction). Once the homologous chromosomes 
reach each end of the cell the spindle fibres  
disappear and a nuclear membrane forms around the  

chromosomes at each end of the cell. The  
chromosomes uncoil and the cell divides.  

 
The process is essentially repeated and 
the two copies (sister chromatids) are 
split apart. This result is four gametes 
(sex cells) with half the number of 
chromosomes. Each gamete will carry a 
unique combination of alleles. 
 
 

Law of Segregation 
 

During meiosis the alleles pairs separate  
 and only one member of each pair is  

passed onto the offspring. This  
  ensures that for each gene,  

offspring receive only one allele 
from each parent. E.g. each of the  

  gametes produced contains a Y or y  
 allele. This contributes to diversity  

 as offspring will contain a unique  
combination of their parents alleles. 

 
Possible Gametes 

 

OR 
 

The random arrangement of homologous chromosomes during meiosis that results in 
gametes with unique combinations of alleles.  
 
During meiosis 1 (first division), homologous chromosomes pair up side by side. Each of 
the resulting daughter cells will receive one chromosome from each pair. For example, 
here we have started with a cell that only has two pairs of chromosomes - a small and a 
large pair. When this cell undergoes its first division, each daughter cell will receive one 
of the larger chromosomes and one of the smaller chromosomes. However, which one of 
the large chromosomes the daughter cell receives is completely independent of which of 
the two smaller chromosomes it receives. We call this Independent Assortment. Humans 
have 23 pairs of chromosome and can each produce more than 8 million different 
combinations of chromosomes. Independent assortment means that gametes receive a 
unique combination of alleles thereby increasing genetic variation in a population. 
 
In the example below the parent has a genotype of RrYy. The R and Y genes are found on 
different chromosomes. Independent assortment means that if a gamete receives the 
dominant R allele it is no more or less likely to receive the dominant Y allele. Therefore, 

on average, equal numbers of the four allele combinations (RY, Ry, rY, ry) are produced. 

Ry (25%)              rY (25%)                   ry (25%)              RY (25%) 
 

 
Genes that are found on the same chromosome are called 
linked genes because they are literally stuck together. 
Independent assortment cannot re-arrange linked genes. 
Linked genes can reduce the number of different allele 
combinations therefore reducing genetic variation within 
a population. 
 
To overcome this, homologous chromosomes sometimes 
exchange segments of DNA during meiosis, in a process 
called crossing over (recombination). The point at which 
the chromosomes cross over is known as the chiasma. 
Crossing over generates new combinations of alleles 
within a chromosome thereby increasing genetic variation 
within a population. 
 
The further apart two genes are from each other, the 
greater the chance that crossing over will occur 
somewhere in-between the two. Likewise, if two genes 
are very close to each other, the chance of recombination 
occurring is much smaller. When crossing over occurs 
between two genes the resulting chromosomes (with new 
combinations of alleles) are referred to as recombinants.  
 
In the example shown the A and B genes are linked. The 
two dominant alleles (A & B) are on one chromosome and 
the two recessive alleles (a & b) are on the other. This 
means that the gametes produced will generally  
contain either both dominant or both recessive  
alleles. A higher proportion of offspring than we 
would normally expect will have both dominant 
traits or both recessive traits.  
 
Crossing over ensures that we still get some  
gametes carrying the recombinant  
chromosomes (Ab & aB). This means that some  
offspring can still inherit one of the dominant 
traits without inheriting the other. However,  
because crossing over is a relatively rare  
event (occurs less than 50% of the time) the  
recombinants will be under-represented  
and we will see fewer of these individuals  

than expected. 

AB                  Ab                  aB                 ab  
  Parental Type            Recombinant            Recombinant            Parental Type 

 


