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Crossing Over

• Complete linkage between genes present on a chromosome is rare

• Homologous chromosomes each from maternal and paternal side are present

• After duplication two sister chromatids of each chromosome are formed

• Four chromatids of two homologous chromosome – Tetrad stage

• There is breakage and exchange of parts between two non-sister chromatids of a
homologous pair of chromosome in Pachytene Stage of Prophase I

• Crossing over occurs randomly along the length of genome

• Genes which participate in crossing over are said to be incompletely linked or
partially linked

• Each crossing over produces two recombinant chromatids called as crossover
chromatids and two non crossover chromatids
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• Crossing over – The reciprocal exchange of segments (therefore a gene) between 
homologous segments of non sister chromatids of the homologous chromosomes 

• Types of Gametes / individuals produced after crossing over:- 

1) Parental or non-crossover or non-recombinant type – Gametes or 
individuals carrying original or parental combination of genes

2) Non-parental or cross-over or recombinant type – Gametes or individuals 
carrying new combination of genes arising from crossing over

• Crossing over and independent assortments are two important mechanisms 
for the generation of new combinations of genes.
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Types of crossing over

1) Single crossing over

• Crossing over occurs at only one point

• Only one chiasma 

• Produces two non-crossover chromatids and two cross over chromatids

2) Double crossing over

• Crossing over occurs at two points in the same chromosome pair

• Two chiasmata are formed

3) Multiple crossing over

• Crossing over occurs at more than two points in the same chromosome pair

• Many chiasmata are formed



Crossing over

Frequency or percentage of crossing over
• The frequency of recombination (the percentage of crossing over) between any 

two genes on a chromosome is directly proportional to the distance between them 

• The maximum frequency of recombination that can result from crossing-over 
between linked genes is 50 per cent

Significance of crossing over
• It produces new combination of genes which is the basis for genetic variation 

• This genetic variation is the raw material for evolution.

Frequency of recombination α Distance between genes



Factors affecting crossing over

Factors increasing crossing over

• Age 

• Radiations – eg X-rays

• High temperature

• Chemicals - Ethylmethane-sulphonate

• Inversion of a chromosome region

• Mutation

•  Chemicals – Colchicine and  Selenium 
in its excess amount

Factors decreasing crossing over

Interference – The Phenomenon where occurrence of crossing over in 

one region of a chromosome interferes with the chance of another 
crossing over to occur in the adjacent region on the same chromosome 

Crossing over is less frequent at tips of chromosome and near centromere



• The occurrence of double crossover would be less than the expected 
according to map distances

• Reduction in frequency of crossing over may be due to physical 
inability of chromatids to bend back upon themselves within certain 
minimum distances

• Strength of interference is expressed as Coefficient of coincidence

• Coefficient of coincidence – ratio of the observed number of double 
cross overs to the expected number of double cross overs 

• Coefficient of interference = 1- Coefficient of coincidence 

Crossing over
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