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The famous Hardy-Weinberg equation shows the relationship between gene frequencies 
and genotype frequencies in random mating populations.   
 
 (pA + qa)2  = p2 AA + 2pq Aa + q2 aa 
 
This formula also serves as the starting point for understanding how different 
evolutionary forces, such as selection, drift, and migration bring about changes in gene 
and genotype frequencies.  In this paper we are interested in the effects of selection on 
gene frequencies.   
 
 Every Genetics and Evolution textbook calculates selection-induced changes in 
gene frequencies in the same basic way as shown in Table 1 for a locus with complete 
dominance and selection against the homozygous recessive.  Figure 1 extends this 
algebraic approach to other degrees of dominance and modes of selection.   
 
 This algebraic method can be very cumbersome, and perhaps intuitively 
unappealing to some in that it does not take into consideration the frequencies of the 
different kinds of mating or the fitness of their offspring.  For instance if a heterozygote 
with a fitness of 1 mates with a homozygous recessive individual with a fitness of .5 half 
its offspring will have a fitness of 1 and half, a fitness of .5.  But if the heterozygote were 
to have mated with a homozygous dominant all of its offspring would have a fitness of 1 
so the two heterozygotes would have different probabilities of having their genes 
transmitted to future generations. However, it is possible to mimic any of the algebraic 
formulae in Table 1 and Figure 1 in an excel spreadsheet that immediately allows one to 
follow the changes due to selection from generation to generation when the initial 
conditions (fitnesses and initial gene frequencies) are set.  Moreover, in the spreadsheet 
all the matings are accounted for, whereas in Table 1 and Figure 1 the matings are 
ignored in deriving the formulas for delta q.  However, the different methods do not 
produce different results as one can verify by substituting values for p, q and s (1 – 
fitness) from the spreadsheet into the formulas in Table 1 and Figure 1. 
 
SETTING UP THE SPREAD SHEET:  Columns A -  J. 
 
LINE 1.  Columns C, D and E are the frequencies of the three genotypes after 84 
generations.  We do this because most of the interesting changes will have taken place by 
the 84th generation and it saves scrolling down 424 lines.  The formula for C1 is C424,  
D1 is D424, and E1 is E424. 
 
LINE 2  Simply type in the genotypes A1A1, A1A2 and A2A2 into C2, D2 and E2. 



 
LINE 3.  Enter genotype fitnesses of your choice.   Since by convention fitnesses are 
relative none should exceed 1.  However, the program will work for absolute fitness 
values (any numbers) as well. 
 
LINE 7.  These are the zygote frequencies produced by random mating among the 
individuals in the previous generation.  A1A1 zygotes in C7 will come from three kinds 
of mating:  A1A1 X A1A1 (All the offspring from this mating will be A1A1),  A1A1 X 
A1A2 ( There are 2 ways this mating can occur and half the offspring will be A1A1) , 
and A1A2 X A1A2 (one fourth of the offspring from this mating will be A1A1). So the 
formula for C7 is 
 
 C7 = (C4*C4) + (C4*D4*.5*2) +(D4*D4*.0.25) 
 
 Four kinds of mating will produce A1A2 zygotes in D7 so the formula is 
 
 D7 = (C4*D4*.5*2) + (D4*D4*.5) + (D4*E4*.5*2) + (C4*E4) 
 
 And three kinds of mating will produce A2A2 homozygotes so the formula  
 For E7 is 
 
 E7 = (E4*E4) + (E4*D4*.5*2) + (D4*D4*.25)  
 
 G7 is just the sum of the genotype frequencies so the formula is 
 
 G7 = (C7 + D7 + E7) 
 
 H7 and I7 Are the gene frequencies in the zygote population.  The frequency of  

p is obtained by taking the frequency of A1A1 + half the frequency of 
A1A2.  The frequency of q is half the frequency of A1A2 + the frequency  
of A2A2.  This arithmetic calculation will give the gene frequencies 
whether or not the population is in equilibrium.  The zygote population  
is in equilibrium as can be ascertained by substituting p and q from H7 and 
I7 into the Hardy-Weinberg equation and seeing that the gene frequencies 
correspond to the genotype frequencies in C7, D7 and E7.   
 
H7 = (C7 + D7/2) 
 
I7 = (D7/2 + E7)   
 
 

 
LINE 8.  To get the adult frequencies in line 8 each zygote frequency in multiplied by its 
 fitness in Line 3.  The formula for C8 is 
 
 C8 = (C7*C$3)     The $ results in the zygote frequency in any generation  



being multiplied by its fitness in C3 when the formula is copied into succeeding 
generations. 

 
 D8 = (D8*D$3) 
 
 E8 = (E8*E$3) 
 
 F8 = (C8 + D8 + E8)    This will be the size of the population after selection  
     also known as the mean fitness of the selected 
     population designated by W  as in Figure 1. 
 
LINE 9.  This line shows the relative genotype frequencies of the adult population  

 after selection  and after the population has been normalized  
 back to 1.  To do this each genotype frequency in line 8 is divided by W . 

 Compare this to Table 1 where the relative genotype frequencies after selection  
 are obtained by dividing each genotype frequency by 1 – sq2. 
  
 The formulae are   C9 = (C8/F8) 
 
          D9 = (D8/F8) 
   
          E9 = (E8/F8) 
 
          H9 = (C9 + D9/2) 
 
          I9 = (D9/2 + E9)    Notice that the gene frequencies do not  
                        not correspond to the genotype frequencies.  
        This is because the adult population is not  
         in equilibrium. This is a good place to  
        point out that it takes only one generation  
        of random mating to produce equilibrium 
        because the zygotes produced by this  
        population will be in equilibrium. 
 
           J9 = (-I4 + I9) 
 
 
At this point one simply “copies down” as many generations as desired and the gene and 
genotype frequencies will change automatically when the initial conditions are changed.   
Many combinations of initial conditions can be tried.  An interesting one shows that the 
fittest does not always survive.  For instance if we set the fitnesses at 1, .7 and .9 and the 
initial frequencies at .1, .5 and .4, A2A2 will fix.  The fittest, A1A1 loses out because 
there are not enough of them to mate with each other and mating with the other genotypes 
breaks up the A1A1 combination and produces offspring of lower fitness. But if the 
initial frequencies are .2, .5 and .3 A1A1goes to fixation.   
 



 
 
SPREAD-SHEET Columns K, L, M and O 
 It is not necessary to go this extra step but the graph is a nice touch.  To do this 
one laboriously identifies the cell containing each genotype in each generation.  For 
example the formula for L3 is = C4, and L4 = C9 and so on.  Once this is completed for 
the desired number of generations one uses the Excel graphing functions to graph the 
changes in genotype frequencies as seen in Table 3. 
   
 
 
 
        Table 1                                      
 

 
 
Classical calculation of delta q when “A” is completely dominant to “a” and selection is 
against the homozygous recessive. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



Figure 1     
 
   

 
 
A diagram showing the effects of different modes of selection with different degrees 
dominance. W  is the size of the population and is used to calculate the relative genotype 
frequencies as shown in table 1, which enables one to calculate the frequency of q after 
selection and the value of ∆q as shown in Table 1. (Mettler, Gregg and Schaffer, 1987.   
Population Genetics and Evolution.  Prentice- Hall, Englewood Cliffs, NJ.) 

 
 
 
 
 
 
 
 
 



 

 
 
 
 
 

 
 
 
 


