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THE MATHEMATICS OF 
NATURAL SELECTION

The mathematics of natural selection 

Subjects covered: Mathematics 

Click here to read this article on Inspire Digital! [link will be inserted later] 

 

 

 

 

 

 

 

 

 

 

 

 

 

How do we use mathematics to study natural selection? In this article, we will de-
rive equations that will help us to calculate the probability of a gene being passed 
down in a population. You’ll even get the chance to try these equations out for 
yourself! 

 

 

 

 

A very simple model will show 
how to begin using mathematics 
to study natural selection. Sup-
pose a human-like organism has 
a single locus with two alleles, 𝐴𝐴𝐴𝐴 
and 𝐵𝐵𝐵𝐵, and call the frequencies 
𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴 and 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵, so 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵  =  1.   

If the population is large and 
random-mating, then the fre-
quencies of the diploid genotypes 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴, 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 and 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 will be 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴2, 
2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵 and 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵2 . That is because 
the chance of the each gamete 

that forms you being 𝐴𝐴𝐴𝐴 is 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴: to become 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴, you need that to happen twice. The 
multiplicative law of probability says that two independent events happen with 
the product of the separate probabilities: the assumption of random mating 
makes the events independent, so we find the chance of being 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 is 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴2. But 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 
can be formed by 𝐴𝐴𝐴𝐴 from Mum, 𝐵𝐵𝐵𝐵 from Dad (probability 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵) or 𝐴𝐴𝐴𝐴 from Dad, 𝐵𝐵𝐵𝐵 
from Mum (also probability 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵), and the additive law of probabilities says that 
the probabilities of two disjoint events just add up, so the chance you're 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 is 
2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵. These results are part of the so-called Hardy-Weinberg theorem. 

The next step is to realise that natural selection is about 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴 and 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵 changing over 
time, and so we need to introduce notation for that. Assume time is discrete, so 
can take values 𝑡𝑡𝑡𝑡 =  0, 1, 2, 3, … and think of them as separate generations. Let's 
agree that 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡  is the probability that if you randomly select an allele at time 𝑡𝑡𝑡𝑡, it 
is an 𝐴𝐴𝐴𝐴. Similarly for 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡  is the probability that if you randomly select an allele at 
time 𝑡𝑡𝑡𝑡, it is a 𝐵𝐵𝐵𝐵. We know that for each 𝑡𝑡𝑡𝑡, 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 = 1.  

Where does selection come in? We have to assume that the genotypes 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴, 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 
and 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 have different numbers of offspring. We'll take a very simple case where 
𝐴𝐴𝐴𝐴 is dominant, so 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 and 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 have the same phenotype, while 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 is different. 
And let's suppose that 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 has two offspring on average while 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 and 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 have 
2(1 + 𝑢𝑢𝑢𝑢).  

 

𝑢𝑢𝑢𝑢 is the selective advantage: if 𝑢𝑢𝑢𝑢 =  0,𝐴𝐴𝐴𝐴 and 𝐵𝐵𝐵𝐵 are the same; if 𝑢𝑢𝑢𝑢 >  0,𝐴𝐴𝐴𝐴 is ad-
vantageous; if 𝑢𝑢𝑢𝑢 <  0,𝐴𝐴𝐴𝐴 is disadvantageous. Note we assume that 𝑢𝑢𝑢𝑢 > −1.  
So, what is the chance that an allele that goes to form an individual at time 𝑡𝑡𝑡𝑡 + 1 
is 𝐴𝐴𝐴𝐴? Well, if there were no selection, each allele would come from genotypes in 
proportion, so from 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 with chance 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡

2
, from 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 with chance 2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡, and from 

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 with chance 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2

. With selection, we multiply by the selective advantage so 
the chances change to be proportional to (1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡

2 , 2(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡  and 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2 . 

We can re-write this as follows: 
  

The mathematics of natural selection 

Subjects covered: Mathematics 

Click here to read this article on Inspire Digital! [link will be inserted later] 

 

 

 

 

 

 

 

 

 

 

 

 

 

How do we use mathematics to study natural selection? In this article, we will de-
rive equations that will help us to calculate the probability of a gene being passed 
down in a population. You’ll even get the chance to try these equations out for 
yourself! 

 

 

 

 

A very simple model will show 
how to begin using mathematics 
to study natural selection. Sup-
pose a human-like organism has 
a single locus with two alleles, 𝐴𝐴𝐴𝐴 
and 𝐵𝐵𝐵𝐵, and call the frequencies 
𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴 and 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵, so 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵  =  1.   

If the population is large and 
random-mating, then the fre-
quencies of the diploid genotypes 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴, 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 and 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 will be 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴2, 
2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵 and 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵2 . That is because 
the chance of the each gamete 

that forms you being 𝐴𝐴𝐴𝐴 is 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴: to become 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴, you need that to happen twice. The 
multiplicative law of probability says that two independent events happen with 
the product of the separate probabilities: the assumption of random mating 
makes the events independent, so we find the chance of being 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 is 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴2. But 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 
can be formed by 𝐴𝐴𝐴𝐴 from Mum, 𝐵𝐵𝐵𝐵 from Dad (probability 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵) or 𝐴𝐴𝐴𝐴 from Dad, 𝐵𝐵𝐵𝐵 
from Mum (also probability 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵), and the additive law of probabilities says that 
the probabilities of two disjoint events just add up, so the chance you're 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 is 
2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵. These results are part of the so-called Hardy-Weinberg theorem. 

The next step is to realise that natural selection is about 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴 and 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵 changing over 
time, and so we need to introduce notation for that. Assume time is discrete, so 
can take values 𝑡𝑡𝑡𝑡 =  0, 1, 2, 3, … and think of them as separate generations. Let's 
agree that 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡  is the probability that if you randomly select an allele at time 𝑡𝑡𝑡𝑡, it 
is an 𝐴𝐴𝐴𝐴. Similarly for 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡  is the probability that if you randomly select an allele at 
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Where does selection come in? We have to assume that the genotypes 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴, 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 
and 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 have different numbers of offspring. We'll take a very simple case where 
𝐴𝐴𝐴𝐴 is dominant, so 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 and 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 have the same phenotype, while 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 is different. 
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    (1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2 + 2(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡

2                                                                 (expand out the brackets) 

= 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡

2 + 2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 2𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2                                                                (rearrange the terms) 

=  𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2  +  2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡  +  𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡

2  +  𝑢𝑢𝑢𝑢�𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2  +  2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡�      (𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡

2 + 2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2  is the total frequencies of 

+                                                                                        alleles in the population at time 𝑡𝑡𝑡𝑡. This adds to 1)

=  1 +  𝑢𝑢𝑢𝑢�𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2  +  2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡�                                                                                       (take out a factor of 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡) 

=  1 +  𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡�𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡  +  2𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡�                                                                                    (remember 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 = 1)

=  1 +  𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡�1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡� 

This shows that the factor of 𝑢𝑢𝑢𝑢 is 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 +  𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡), so the chances of a random gam-
ete (allele) coming from the three genotypes are: 

 

 

Chance an allele 
comes from  𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨    Chance an allele 

comes from  𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨    Chance an allele 
comes from  𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨   

(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2

1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)
  

2(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)

  
𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2

1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)
  

 

In order to then work out what the chances that a random gamete is 𝐴𝐴𝐴𝐴 we must 
calculate the chance that each parental genotype (𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴, 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 or 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵) gives an 𝐴𝐴𝐴𝐴. An 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 parent gives 𝐴𝐴𝐴𝐴 with probability 1, an 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 parent with probability 1/2, and a 
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 parent never provides an 𝐴𝐴𝐴𝐴. Therefore: 

The chance of an allele in the next generation  (𝒕𝒕𝒕𝒕 + 𝟏𝟏𝟏𝟏))  being an  𝑨𝑨𝑨𝑨  (i.e.  𝒑𝒑𝒑𝒑𝑨𝑨𝑨𝑨𝒕𝒕𝒕𝒕+𝟏𝟏𝟏𝟏)  

 

And let's suppose that 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 has two offspring on average while 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 and 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 have 
2(1 + 𝑢𝑢𝑢𝑢).  

 

𝑢𝑢𝑢𝑢 is the selective advantage: if 𝑢𝑢𝑢𝑢 =  0,𝐴𝐴𝐴𝐴 and 𝐵𝐵𝐵𝐵 are the same; if 𝑢𝑢𝑢𝑢 >  0,𝐴𝐴𝐴𝐴 is ad-
vantageous; if 𝑢𝑢𝑢𝑢 <  0,𝐴𝐴𝐴𝐴 is disadvantageous. Note we assume that 𝑢𝑢𝑢𝑢 > −1.  
So, what is the chance that an allele that goes to form an individual at time 𝑡𝑡𝑡𝑡 + 1 
is 𝐴𝐴𝐴𝐴? Well, if there were no selection, each allele would come from genotypes in 
proportion, so from 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 with chance 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡

2
, from 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 with chance 2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡, and from 

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 with chance 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2

. With selection, we multiply by the selective advantage so 
the chances change to be proportional to (1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡

2 , 2(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡  and 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2 . 

We can re-write this as follows: 
  Chance that an allele comes from any genotype

    (1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2 + 2(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡

2                                                                 (expand out the brackets) 

= 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡

2 + 2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 2𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2                                                                (rearrange the terms) 

=  𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2  +  2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡  +  𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡

2  +  𝑢𝑢𝑢𝑢�𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2  +  2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡�      (𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡

2 + 2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2  is the total frequencies of 

+                                                                                        alleles in the population at time 𝑡𝑡𝑡𝑡. This adds to 1)

=  1 +  𝑢𝑢𝑢𝑢�𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2  +  2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡�                                                                                       (take out a factor of 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡) 

=  1 +  𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡�𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡  +  2𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡�                                                                                    (remember 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 = 1)

=  1 +  𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡�1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡� 

This shows that the factor of 𝑢𝑢𝑢𝑢 is 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 +  𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡), so the chances of a random gam-
ete (allele) coming from the three genotypes are: 

 

 

Chance an allele 
comes from  𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨    Chance an allele 

comes from  𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨    Chance an allele 
comes from  𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨   

(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2

1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)
  

2(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)

  
𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2

1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)
  

 

In order to then work out what the chances that a random gamete is 𝐴𝐴𝐴𝐴 we must 
calculate the chance that each parental genotype (𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴, 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 or 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵) gives an 𝐴𝐴𝐴𝐴. An 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 parent gives 𝐴𝐴𝐴𝐴 with probability 1, an 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 parent with probability 1/2, and a 
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 parent never provides an 𝐴𝐴𝐴𝐴. Therefore: 

The chance of an allele in the next generation  (𝒕𝒕𝒕𝒕 + 𝟏𝟏𝟏𝟏))  being an  𝑨𝑨𝑨𝑨  (i.e.  𝒑𝒑𝒑𝒑𝑨𝑨𝑨𝑨𝒕𝒕𝒕𝒕+𝟏𝟏𝟏𝟏)  

 

    (1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2 + 2(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡

2                                                                 (expand out the brackets) 

= 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡

2 + 2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 2𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2                                                                (rearrange the terms) 

=  𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2  +  2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡  +  𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡

2  +  𝑢𝑢𝑢𝑢�𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2  +  2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡�      (𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡

2 + 2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2  is the total frequencies of 

+                                                                                        alleles in the population at time 𝑡𝑡𝑡𝑡. This adds to 1)

=  1 +  𝑢𝑢𝑢𝑢�𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2  +  2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡�                                                                                       (take out a factor of 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡) 

=  1 +  𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡�𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡  +  2𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡�                                                                                    (remember 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 = 1)

=  1 +  𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡�1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡� 

This shows that the factor of 𝑢𝑢𝑢𝑢 is 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 +  𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡), so the chances of a random gam-
ete (allele) coming from the three genotypes are: 

 

 

Chance an allele 
comes from  𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨    Chance an allele 

comes from  𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨    Chance an allele 
comes from  𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨   

(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2

1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)
  

2(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)

  
𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2

1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)
  

 

In order to then work out what the chances that a random gamete is 𝐴𝐴𝐴𝐴 we must 
calculate the chance that each parental genotype (𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴, 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 or 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵) gives an 𝐴𝐴𝐴𝐴. An 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 parent gives 𝐴𝐴𝐴𝐴 with probability 1, an 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 parent with probability 1/2, and a 
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 parent never provides an 𝐴𝐴𝐴𝐴. Therefore: 

The chance of an allele in the next generation  (𝒕𝒕𝒕𝒕 + 𝟏𝟏𝟏𝟏))  being an  𝑨𝑨𝑨𝑨  (i.e.  𝒑𝒑𝒑𝒑𝑨𝑨𝑨𝑨𝒕𝒕𝒕𝒕+𝟏𝟏𝟏𝟏)  

 

    (1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2 + 2(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡

2                                                                 (expand out the brackets) 

= 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡

2 + 2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 2𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2                                                                (rearrange the terms) 

=  𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2  +  2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡  +  𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡

2  +  𝑢𝑢𝑢𝑢�𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2  +  2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡�      (𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡

2 + 2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2  is the total frequencies of 

+                                                                                        alleles in the population at time 𝑡𝑡𝑡𝑡. This adds to 1)

=  1 +  𝑢𝑢𝑢𝑢�𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2  +  2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡�                                                                                       (take out a factor of 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡) 

=  1 +  𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡�𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡  +  2𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡�                                                                                    (remember 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 = 1)

=  1 +  𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡�1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡� 

This shows that the factor of 𝑢𝑢𝑢𝑢 is 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 +  𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡), so the chances of a random gam-
ete (allele) coming from the three genotypes are: 

 

 

Chance an allele 
comes from  𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨    Chance an allele 

comes from  𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨    Chance an allele 
comes from  𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨   

(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2

1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)
  

2(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)

  
𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2

1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)
  

 

In order to then work out what the chances that a random gamete is 𝐴𝐴𝐴𝐴 we must 
calculate the chance that each parental genotype (𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴, 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 or 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵) gives an 𝐴𝐴𝐴𝐴. An 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 parent gives 𝐴𝐴𝐴𝐴 with probability 1, an 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 parent with probability 1/2, and a 
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 parent never provides an 𝐴𝐴𝐴𝐴. Therefore: 

The chance of an allele in the next generation  (𝒕𝒕𝒕𝒕 + 𝟏𝟏𝟏𝟏))  being an  𝑨𝑨𝑨𝑨  (i.e.  𝒑𝒑𝒑𝒑𝑨𝑨𝑨𝑨𝒕𝒕𝒕𝒕+𝟏𝟏𝟏𝟏)  

 

    (1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2 + 2(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡

2                                                                 (expand out the brackets) 

= 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡

2 + 2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 2𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2                                                                (rearrange the terms) 

=  𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2  +  2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡  +  𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡

2  +  𝑢𝑢𝑢𝑢�𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2  +  2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡�      (𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡

2 + 2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2  is the total frequencies of 

+                                                                                        alleles in the population at time 𝑡𝑡𝑡𝑡. This adds to 1)

=  1 +  𝑢𝑢𝑢𝑢�𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2  +  2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡�                                                                                       (take out a factor of 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡) 

=  1 +  𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡�𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡  +  2𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡�                                                                                    (remember 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 = 1)

=  1 +  𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡�1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡� 

This shows that the factor of 𝑢𝑢𝑢𝑢 is 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 +  𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡), so the chances of a random gam-
ete (allele) coming from the three genotypes are: 

 

 

Chance an allele 
comes from  𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨    Chance an allele 

comes from  𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨    Chance an allele 
comes from  𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨   

(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2

1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)
  

2(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)

  
𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2

1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)
  

 

In order to then work out what the chances that a random gamete is 𝐴𝐴𝐴𝐴 we must 
calculate the chance that each parental genotype (𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴, 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 or 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵) gives an 𝐴𝐴𝐴𝐴. An 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 parent gives 𝐴𝐴𝐴𝐴 with probability 1, an 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 parent with probability 1/2, and a 
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 parent never provides an 𝐴𝐴𝐴𝐴. Therefore: 

The chance of an allele in the next generation  (𝒕𝒕𝒕𝒕 + 𝟏𝟏𝟏𝟏))  being an  𝑨𝑨𝑨𝑨  (i.e.  𝒑𝒑𝒑𝒑𝑨𝑨𝑨𝑨𝒕𝒕𝒕𝒕+𝟏𝟏𝟏𝟏)  

 

    (1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2 + 2(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡

2                                                                 (expand out the brackets) 

= 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡

2 + 2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 2𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2                                                                (rearrange the terms) 

=  𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2  +  2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡  +  𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡

2  +  𝑢𝑢𝑢𝑢�𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2  +  2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡�      (𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡

2 + 2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2  is the total frequencies of 

+                                                                                        alleles in the population at time 𝑡𝑡𝑡𝑡. This adds to 1)

=  1 +  𝑢𝑢𝑢𝑢�𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2  +  2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡�                                                                                       (take out a factor of 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡) 

=  1 +  𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡�𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡  +  2𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡�                                                                                    (remember 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 = 1)

=  1 +  𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡�1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡� 

This shows that the factor of 𝑢𝑢𝑢𝑢 is 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 +  𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡), so the chances of a random gam-
ete (allele) coming from the three genotypes are: 

 

 

Chance an allele 
comes from  𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨    Chance an allele 

comes from  𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨    Chance an allele 
comes from  𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨   

(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2

1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)
  

2(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)

  
𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2

1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)
  

 

In order to then work out what the chances that a random gamete is 𝐴𝐴𝐴𝐴 we must 
calculate the chance that each parental genotype (𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴, 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 or 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵) gives an 𝐴𝐴𝐴𝐴. An 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 parent gives 𝐴𝐴𝐴𝐴 with probability 1, an 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 parent with probability 1/2, and a 
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 parent never provides an 𝐴𝐴𝐴𝐴. Therefore: 

The chance of an allele in the next generation  (𝒕𝒕𝒕𝒕 + 𝟏𝟏𝟏𝟏))  being an  𝑨𝑨𝑨𝑨  (i.e.  𝒑𝒑𝒑𝒑𝑨𝑨𝑨𝑨𝒕𝒕𝒕𝒕+𝟏𝟏𝟏𝟏)  

 

    (1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2 + 2(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡

2                                                                 (expand out the brackets) 

= 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡

2 + 2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 2𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2                                                                (rearrange the terms) 

=  𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2  +  2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡  +  𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡

2  +  𝑢𝑢𝑢𝑢�𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2  +  2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡�      (𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡

2 + 2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2  is the total frequencies of 

+                                                                                        alleles in the population at time 𝑡𝑡𝑡𝑡. This adds to 1)

=  1 +  𝑢𝑢𝑢𝑢�𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2  +  2𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡�                                                                                       (take out a factor of 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡) 

=  1 +  𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡�𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡  +  2𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡�                                                                                    (remember 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 = 1)

=  1 +  𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡�1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡� 

This shows that the factor of 𝑢𝑢𝑢𝑢 is 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 +  𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡), so the chances of a random gam-
ete (allele) coming from the three genotypes are: 

 

 

Chance an allele 
comes from  𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨    Chance an allele 

comes from  𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨    Chance an allele 
comes from  𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨   

(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡
2

1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)
  

2(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)

  
𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
2

1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)
  

 

In order to then work out what the chances that a random gamete is 𝐴𝐴𝐴𝐴 we must 
calculate the chance that each parental genotype (𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴, 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 or 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵) gives an 𝐴𝐴𝐴𝐴. An 
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 parent gives 𝐴𝐴𝐴𝐴 with probability 1, an 𝐴𝐴𝐴𝐴𝐵𝐵𝐵𝐵 parent with probability 1/2, and a 
𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 parent never provides an 𝐴𝐴𝐴𝐴. Therefore: 

The chance of an allele in the next generation  (𝒕𝒕𝒕𝒕 + 𝟏𝟏𝟏𝟏))  being an  𝑨𝑨𝑨𝑨  (i.e.  𝒑𝒑𝒑𝒑𝑨𝑨𝑨𝑨𝒕𝒕𝒕𝒕+𝟏𝟏𝟏𝟏)  

 

 

𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡+1 =
(1)(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡

2 + �1
2�2(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + (0)𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡

2

1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)
                        (expand out the probabilities)

=
(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡

2 + (1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡�1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡�

                                                       �take out common factor (1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡 �

=  
((1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡)(𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)

1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)
                                                                                  �remember 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 = 1�

=
𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑢𝑢𝑢𝑢)

1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)
                                                                                               �substitute 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 = 1 − 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡�

=
𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑢𝑢𝑢𝑢)

1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(2− 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡)
                                                                                         This is a difference equation! 

We have just calculated the probability that a random gamete forming an individ-
ual in generation  𝑡𝑡𝑡𝑡 + 1 is an 𝐴𝐴𝐴𝐴. By definition that is  𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡+1. So, if we know 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴0, we 
can put it in the right hand side, and calculate 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴1, then apply the equation again 
with 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴1 on the right hand side, and calculate 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴2, and so on!! This ‘forever' quali-
ty is what makes difference equations so powerful. 

Professor Alan Grafen, Tutorial Fellow in Quantitative Biology 

 

𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡+1 =
(1)(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡

2 + �1
2�2(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 + (0)𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡

2

1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)
                        (expand out the probabilities)

=
(1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡

2 + (1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡
1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡�1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡�

                                                       �take out common factor (1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡 �

=  
((1 + 𝑢𝑢𝑢𝑢)𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡)(𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)

1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)
                                                                                  �remember 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 = 1�

=
𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑢𝑢𝑢𝑢)

1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡)
                                                                                               �substitute 𝑝𝑝𝑝𝑝𝐵𝐵𝐵𝐵𝑡𝑡𝑡𝑡 = 1 − 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡�

=
𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(1 + 𝑢𝑢𝑢𝑢)

1 + 𝑢𝑢𝑢𝑢𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡(2− 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡)
                                                                                         This is a difference equation! 

We have just calculated the probability that a random gamete forming an individ-
ual in generation  𝑡𝑡𝑡𝑡 + 1 is an 𝐴𝐴𝐴𝐴. By definition that is  𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴𝑡𝑡𝑡𝑡+1. So, if we know 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴0, we 
can put it in the right hand side, and calculate 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴1, then apply the equation again 
with 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴1 on the right hand side, and calculate 𝑝𝑝𝑝𝑝𝐴𝐴𝐴𝐴2, and so on!! This ‘forever' quali-
ty is what makes difference equations so powerful. 

Professor Alan Grafen, Tutorial Fellow in Quantitative Biology Professor Alan Grafen, Tutorial Fellow in Quantitative Biology
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To enter this competition, make sure you have first read ‘Mathematics of natural selection.’

COMPETITION 9: MATHEMATICS OF NATURAL SELECTION

Part 1: To trial the equation discussed in 
‘Mathematics of natural selection’, let’s 
assume that p�0 (the chance an allele is 
A at time ‘0’) is 0.4. How does p� t   change 
in the first 5 generations (t=1 to t=5) if 
u is:
• 0
• 0.4
• -0.4

Part 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�t+1 and your own calcula-
tions – what is the factor p�t is multiplied by when u=+0.4 
versus when u=-0.4?

CLICK HERE TO 
SUBMIT YOUR 

ANSWER

Above: p�t as a function of time for three different values of u

Try to answer as many of these questions as possible. 
Your competition entry should show the work you did to 
arrive at your answers. We are happy to accept typed 
work as well as photos or scans of handwritten work, as 
long as this is clearly legible.

How to enter
For full details on how to submit your entry, please 
see the STEM Competitions page of the Year 12 
section on Inspire Digital. 

The deadline for competition entries for Competition 
S2 is 5 pm on Tuesday 20th April at 5pm.

Prizes
For each competition, up to 5 winning entries will 
each receive a £10 Amazon voucher. Each winning 
entry will also be published on Inspire Digital about a 
week after each competition’s closing date. 
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WELCOME TO
OXPLORE!
Oxplore is an innovative digital outreach portal from the 
University of Oxford. As the ‘Home of Big Questions’ it 
aims to engage those from 11 to 18 years with debates 
and ideas that go beyond what is covered in the classroom. 
Big questions tackle complex ideas across a wide range of 
subjects and draw on the latest research undertaken at Ox-
ford. Click these links to start exploring some Big Questions...

Could there be 
real-life X-men?

LOOKING FOR A NEW PODCAST TO 
GET STUCK INTO?
The University of Oxford provides a huge variety of pod-
casts on every topic imaginable, from cutting-edge scien-
tific research to exciting events happening now at the 
university. You can find these on the University website 
or on Apple Podcasts. The BBC radio programme, In Our 
Time, covers a wide variety of fascinating subjects, dis-
cussed by world-leading experts, including Oxford academ-
ics! Here are a few of our favourites:

Modelling genes: the backwards and forwards of 
mathematical population genetics
Genetics: statistical genetics
Genetics: the evolution of the genome

Mathematics Biological Sciences

The game theory of life Population genetics: When Darwin 
met Mendel

Tom Rocks MathsMechanisms of evolution

Biochemistry
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You might be interested in the following courses we offer at St John’s... 
Mathematics, Biochemistry or Biological Sciences

Hear from St John’s students about studying these courses by clicking the links below...
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https://www.bbc.co.uk/programmes/b006qykl
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http://podcasts.ox.ac.uk/modelling-genes-backwards-and-forwards-mathematical-population-genetics-alison-etheridge
http://podcasts.ox.ac.uk/modelling-genes-backwards-and-forwards-mathematical-population-genetics-alison-etheridge
http://podcasts.ox.ac.uk/statistical-genetics
http://podcasts.ox.ac.uk/evolution-genome-0
https://www.youtube.com/watch?v=9o01ES7-tXE&t=26s
https://www.youtube.com/watch?v=kfp6loibf0M
https://www.quantamagazine.org/game-theory-makes-new-predictions-for-evolution-20140618/
https://www.youtube.com/watch?v=WhFKPaRnTdQ
https://tomrocksmaths.com/watch/
https://www.khanacademy.org/science/ap-biology/natural-selection/hardy-weinberg-equilibrium/a/hardy-weinberg-mechanisms-of-evolution
https://www.youtube.com/watch?v=vdBoYXZAp90
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MEET OUR JCR 
ACCESS AND 
ADMISSIONS 
OFFICER... 

TALULA

Where are you from?

I am from Northern Ireland - I currently 
live near Belfast.

What do you study?

I study European and Middle Eastern Lan-
guages (Spanish and Arabic).

What does the Access and Admissions 
Officer do?

The Access Officer helps the college in 
their work on widening access through 
their outreach work. This normally in-
cludes helping during the Open Day peri-
od, throughout the year as a Student Am-
bassador, and during the interview period. 
It’s also important for the Access Officer 
to promote the interests of students from 
disadvantaged backgrounds.

CHAT TO STUDENTS!
Coming soon: talk to Talula, and other current St John’s 
students on The Access Platform (TAP)!

What is your favourite thing about St. 
John’s?

It has to be the gardens. They are so beau-
tiful (and really big for being in the centre 
of Oxford) and they are such a good place 
to go after classes. 

What is Oxford like as a city?

I think that it is a really pleasant city to 
live in. It’s not too big, so you never have 
to walk too far to get anywhere. The ar-
chitecture is stunning, there are so many 
buildings that look impressive, and many 
of them are colleges. Also, there are loads 
of parks and lovely walks, so it is nice to 
go for a walk to relax.

What is your favourite thing about 
studying at Oxford?

Probably how personal your course is. You 
have a college tutor who oversees your 
studies, and you also usually have small 
classes. This means that your tutors real-
ly get to know you, and vice versa.
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