
Population Genetics 

1) To trial this equation, let’s assume that 𝑝  (the chance an allele is 𝐴 at time ‘0’) is 0.4. 
How does 𝑝  change in the first 5 generations (𝑡 = 1 to 𝑡 = 5) if 𝑢 is: 

 0 
 0.4 
 −0.4 

We take the equation (below) from the article and calculate 𝒑𝑨𝟏
 by substituting the value 

for 𝒖 and 𝒑𝑨𝟎
. We repeat this until we have 𝒑𝑨𝒕

 for the first 5 generations.  

𝒑𝑨𝒕 𝟏
=

𝒑𝑨𝒕
(𝟏 + 𝒖)

𝟏 + 𝒖𝒑𝑨𝒕
𝟐 − 𝒑𝑨𝒕

         e.g., for 𝒖 = 𝟎: 𝒑𝑨𝟏
=

𝟎. 𝟒(𝟏 + 𝟎)

𝟏 + 𝟎 ∗ 𝟎. 𝟒(𝟐 − 𝟎. 𝟒)
  

𝒑𝑨𝒕 𝟏
= (to 3 significant figures) 

T (generations) 𝒖 = 0 𝒖 = 0.4 𝒖 = -0.4 

1 0.4 0.446 0.323 

2 0.4 0.489 0.247 

3 0.4 0.528 0.179 

4 0.4 0.564 0.124 

5 0.4 0.596 0.082 

 

2) The results for 50 generations are plotted on the graph below. Study the graph, then 
answer the following questions, using the equations to help you: 

 What is happening with the green line?  
 Why does the red line go to zero faster than the blue line goes to one? 

Hint: look at the equation for 𝑝 , and your own calculations – what is the 
factor 𝑝  is multiplied by when 𝑢 = +0.4 versus when 𝑢 = −0.4?  

 

The green line does not change. As shown in part one, because the 𝒖 value (selective 
pressure) is 0, there is no selection for the frequency of allele 𝑨 in the population to increase 
or decrease. With no other influencing factors, the probability stays at 0.4.  

Mathematically, this is shown by the fact that the equation to calculate 𝒑𝑨𝒕 𝟏
 will always 

equal 𝒑𝑨𝒕
: 

 

𝒑𝑨𝒕 𝟏
=

𝒑𝑨𝒕
(𝟏 + 𝟎)

𝟏 + 𝟎 ∗ 𝒑𝑨𝒕
(𝟐 − 𝒑𝑨𝒕

)
  =   

𝒑𝑨𝒕

𝟏
    =   𝒑𝑨𝒕

   



Alternatively, we can calculate the difference between 𝒑𝑨𝒕 𝟏
 and 𝒑𝑨𝒕

 which is always 0 
when 𝒖 is 0.  

𝒑𝑨𝒕 𝟏
− 𝒑𝑨𝒕

=
𝒖 𝒑𝑨𝒕

𝟏 − 𝒑𝑨𝒕

𝟐

𝟏 + 𝒖 𝒑𝑨𝒕
𝟐 − 𝒑𝑨𝒕

 

 

𝒑𝑨𝒕
 as a function of time for three different values of 𝒖 

  

When selection pressure is negative (red line) the frequency of the 𝑨 allele drops fast. The 
gradient of this drop is steeper (decline is faster) than the increase in frequency of the 𝑨 
allele seen for a positive selection pressure (blue line) of equal magnitude (i.e. 0.4 vs – 0.4 
or similar).  

Genetically speaking, this is because when there is negative selection pressure, the 
individuals selected against do not reproduce at all, creating a sharp decline. Conversely, 
when there is positive selection pressure, the individuals selected for are reproducing at a 
higher rate than other genotypes, BUT the other genotypes are still reproducing. Therefore, 
the impact on overall gene frequencies will be slower.  

Mathematically, we can also see this in the equation for  𝒑𝑨𝒕 𝟏
. The impact of 𝒖 (selective 

pressure) is greatest on the numerator of the equation, where it is only multiplied by 𝒑𝑨𝒕
 

(on the denominator it is multiplied by 𝒑𝑨𝒕
 and then (𝟐 − 𝒑𝑨𝒕

) ).  

Speaking approximately, when 𝒖 is positive, we add a lot of 𝒖 to the top of the equation, 
and a little 𝒖 to the bottom. This makes a top-heavy fraction, giving a multiplier for 𝒑𝑨𝒕

 
greater than 1 (frequency of 𝑨 alleles increases). 

𝑝
 

𝑢 



When 𝒖 is negative, we subtract a lot of 𝒖 from the top of the equation and subtract a little 
𝒖 from the bottom. This makes a bottom-heavy fraction, giving a multiplier for 𝒑𝑨𝒕

 which is 
less than 1 (frequency of 𝑨 alleles decreases).  

The absolute difference between the numerator and denominator of the fraction is the 
same, whether 𝒖 is positive or negative (assuming an equal magnitude of 𝒖). However, 
when looking at the magnitude of change, the numerator is more significant. 

For example: 𝟏.𝟒

𝟏.𝟏
= 𝟏. 𝟐𝟕 (𝟐𝟕 % 𝒊𝒏𝒄𝒓𝒆𝒂𝒔𝒆) where-as: 𝟎.𝟔

𝟎.𝟗
= 𝟎. 𝟔𝟕 (𝟑𝟑 % 𝒅𝒆𝒄𝒓𝒆𝒂𝒔𝒆) 

There is a 0.3 difference between the numerator and denominator in both these fractions, 
but because 0.6 is smaller than 1.4, the difference is more significant as a proportion of that 
numerator.  

Alternatively, we can look at the difference between 𝒑𝑨𝒕 𝟏
 and 𝒑𝑨𝒕

. 

𝒑𝑨𝒕 𝟏
− 𝒑𝑨𝒕

=
𝒖 𝒑𝑨𝒕

𝟏 − 𝒑𝑨𝒕

𝟐

𝟏 + 𝒖 𝒑𝑨𝒕
𝟐 − 𝒑𝑨𝒕

 

 

The numerator (top of the equation) will be of equal magnitude for 𝒖 = 𝟎. 𝟒, −𝟎. 𝟒. 
However, the impact of 𝒖 on the denominator changes, depending on whether 𝒖 is positive 
(positive selection) or negative (negative selection).  

When 𝒖 is positive, the denominator is larger, making the overall change smaller. When 𝒖 
is negative, the denominator is smaller (between 0 and 1), making the overall change larger.  


