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Genetics 24231 

Faculty of Agriculture  

Instructor: Dr. Jihad Abdallah 

Topic 11: Introduction to population 

genetics   
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Gene and genotypic frequencies 

• Gene frequency: the relative frequency of a 
particular allele in a population. It measures how 
common the allele is relative to the other alleles on 
the same locus. 

• fi = (# of copies of the allele i)/(total # of copies of all 
alleles) 

• Genotypic frequency: the relative frequency of a 
particular genotype in the population. 

    fij= (# of individuals carrying the genotype ij)/ (total # 
of individuals) 
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• Example: a flock of Andalusian chicken is 

composed of 36 black (BB), 44 blue (Bb) and 20 

white (bb). Compute the gene and genotypic 

frequencies. 

• Genotypic frequencies: 

     - Frequency (BB) = P = 36/100 = 0.36 

     - Frequency (Bb) = H = 44/100= 0.44 

     - Frequency (bb) = Q = 20/100 = 0.20 

• Gene frequencies: 

• p = frequency (B) = (2x36+44)/(2x100) = 116/200= 

0.58 

• q = frequency (b) = (44+2x20)/(2x100) = 84/200 = 

0.42. Note that q = 1-p 
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Factors affecting gene frequencies 

1. Systematic forces (the effect is predicted in 

magnitude and direction):  

     - Migration 

     - Mutation 

     - Selection 

2. Random forces (the effect can be predicted  in 

magnitude but not in direction): 

     - Genetic drift (dispersive process) 
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• Migration 

• Is the movement of animals from one population to 

another. 

• The effect of migration in changing gene frequency 

depends on migration rate (m) the difference in allele 

frequency between migrants and natives.  

• Selection: 

• Selection increases the frequency of favorable alleles 

and decreases the frequency of unfavorable alleles. 

• Selection is most effective (Δq is large) when q is 

intermediate but is very ineffective when gene 

frequency is extreme (q is close to 0 or 1) 
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• Mutation: a change in the sequence of a gene. May 

produce new alleles. 

• On short term, the effect of mutation is negligible 

because mutation rate is very low. 

 

• Random drift: 

• In small finite populations, gene frequencies are 
not stable. They are subject to random fluctuations 
arising from the sampling of gametes  

 

• Random fluctuations (changes) of gene frequencies 
from one generation to the next in small populations 
is called random genetic drift.  



7 

• In a large, random mating population with no 
migration, no mutation and no selection) gene 
frequencies and genotypic frequencies remain stable 
(constant) from generation to generation and thus 
genotypic frequencies can be predicted from gene 
frequencies as follows: 

• P = p2 

• H = 2pq 

• Q =q2  

• In this case the population is said to be in Hardy-
Weinberg equilibrium.   

Hardy-Weinberg Law 
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Example  
• A herd of beef cattle of 1000 heads is composed of 

the following genotypes at a given locus:  300 BB, 

400 Bb, and 300 bb. Is the herd in Hardy-Weinberg 

equilibrium at this locus?  

  p = frequency (B) = (300 (2) + 400)/2000 = 0.5 

  q = frequency (b) = 1-p = 0.5     

The expected numbers: 

BB  p2 (total number) = (0.5)2 (1000) = 250 

Bb  2pq (total number) = 2(0.5) (05) (1000) = 500 

bb  q2 (total number) = (0.5)2 (1000) = 250 



9 

• To test if the population is in H-W equilibrium we 
compare the observed numbers with the expected 
numbers by computing the following test: 
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(Note: 2 
1, 0.05 = 3.84)  

The calculated value is larger than the tabulated value 

of 3.84. Therefore, we reject the hypothesis that the 

population is in H-W equilibrium and conclude that 

the population is not in H-W equilibrium. 


