Worksheet—Study of Sickle Cell Anemia/Malaria relationship.
Use of genetics malaria survivors.xls will help with understanding.  Pick a survival rate.  Experiment with different starting values for fraction B to find the fraction that results in the most survivors. 
Assume A is a normal allele and B is a Sickle Cell Allele.  Suppose in the current generation, the fraction of the alleles that are B is x and the fraction that are A is 1-x.  Suppose 3000 children are born to the next generation.  

1) How many of the 3000 children do you expect to be AA?  AB or BA?

Answer: #AA is expected to be 3000x2 while #AB or BA is expected to be 6000x(1-x).
2) Suppose 1/3 of the AA children survive malaria, all of the AB and BA children survive, and none of the BB children survive sickle cell anemia.  How many children do you expect to survive to adulthood?

Answer: #AA survivors is expected to be 1000(1-x)2  while #AB or BA is expected to be 6000x(1-x) so total survivors is 

y= 1000(1-x)2+6000x(1-x)=1000(1-x)(1+5x)=1000+4000x-5000x2
3) What value of  maximizes the number of children that survive?

Answer: Maximum of parabola occurs at x=0.4.  This means that if 40% of alleles are Sickle Cell, then we expect the maximum number of children survive to adulthood.  Similar results hold for other survival rates from malaria.  Survival rate depends on risk of malaria.
In this next part, we are going to determine how the proportion of sickle cell alleles actually evolve over time.  Use of genetics sickle cell evolution.xls will help with understanding.  Pick a survival rate and a starting fraction for B.  Keeping inputting the next fraction for B for the current fraction of B to see what happens over several generations.  
Suppose in the current generation, the fraction of the alleles that are sickle cell, B, is bnow  and the fraction that are normal, A, is 1-bnow .  Suppose that 3000 children are born. 

4) Compute the number of children you expect to be born AA and the number you expect to be born AB or BA. Compute the number of these children you expect to reach adulthood.  (We don't need to compute the number born BB because none of the BB children will survive to adulthood.)
Answer: Number AA children
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5) Compute the number of B alleles and the total number of alleles among adults in next generation.

Answer: Total number of B alleles 
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6) Compute the expected fraction of B alleles in the next generation, bnext.  
Answer: 
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7) The fraction of B alleles will level off to a number in which bnext=bnow. What value will that be?
Answer: Solving 
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 given x=0 and x=0.4.  From spreadsheet, it appears that it will level off at 0.4.  

Note: This means that after the population has stabilized, about (0.4)2 = 0.16 or 16% of the children would be born with sickle cell anemia.  
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