Worksheet 1—Basic Understanding of Genetics.

(Use of program genetics basic locked.xls will help with understanding. Try different values for fraction of A, and use results to predict fraction A in next generation.)
Suppose in the current generation, 30% of the alleles are A and 70% are B.  Suppose 1000 children are born to the next generation.

1) What is the probability of a child receiving an A allele from the mother and an A allele from the father?

Answer: P(AA)=0.09.

2) What is the probability of the child receiving B alleles from both parents?

Answer: P(BB)=0.49.

3) What is the probability of the child receiving an A allele from one parent and a B allele from the other parent?

P(AB or BA)=0.42.

4) What fraction of the children will be AA?  BB? AB or BA?  How many of the 1000 children do you expect to be AA?  BB? AB or BA?

Answer: Expected Fraction AA=0.09, Fraction BB=0.49, and Fraction AB or BA=0.42 

Expected number AA=90, number BB=490, number AB or BA=420

5) How do the results compare to the simulation using the spreadsheet?  

Answer: About the same.

5) The 1000 children have 2000 alleles, 2 for each child.  What fraction of the alleles do you expect to be A?

Answer: fraction A should be about (180+420)/2000=0.3.  This is Hardy-Weinberg law, that genetic makeup of population remains constant if no effects on it such as selection or mutation.
Follow-up results on Hardy Weinberg for Worksheet 1.
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Then #AA=1000x2, #BB=1000(1-x)2, and #AB or BA=2000x(1-x)
#A=2000x2 +2000x(1-x)=2000x(x+1-x)=2000x so

fraction A
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so fraction remains same for any starting proportion for A. 

Worksheet 2—Study of eugenics
(Use of spreadsheet program genetics eugenics locked.xls will help in understanding. Pick a value for fraction B. Spreadsheet simulates next generation.  Use result for next fraction B.  Observe how fraction B levels off at a value.)

(Web search for eugenics will help in appreciation.)
Suppose in the current generation, 50% of the alleles are A and 50% are B.  Suppose 1000 children are born to the next generation.  As before, this means 

P(AA)=0.25, P(AB or BA)=0.5, P(BB)=0.25
1) How many of the 1000 children do you expect to be AA?  AB or BA?

Answer: #AA=250, #BB=250, and #AB or BA=500.
2) How many alleles do the AA, AB, and BA children have combined?  How many B alleles do they have?  What fraction of the alleles do you expect to be B?

Answer: #alleles in AA, AB and BA=2(250+500)=1500. #B=500. 
Fraction B=500/1500=1/3.
3) Suppose that P(B)=1/x so that P(A)=1-1/x.  Compute the following.

P(AA)

P(AB or BA)

(We don't need to compute P(BB) because all BB children will not be allowed to reproduce, so will not be in the genetic pool for the next generation.

Given that 1000 children are born

#AA children 

#AB or BA

total number of alleles

total number of B-alleles

fraction that are B-alleles

Given that currently, P(B)=0.04, how many generations will it take until P(B)=0.02? until P(B)=0.01?
Answers to 3) on Worksheet 2:
P(AA)
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P(AB or BA)
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Given that 1000 children are born

#AA children 
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#AB or BA
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fraction B-alleles
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Given that currently, P(B)=0.04, how many generations will it take until P(B)=0.02? Answer: 25 GENERATIONS!  

until P(B)=0.01? Answer: An additional 50 generations.
Worksheet 3—Study of Sickle Cell Anemia/Malaria relationship.
(Use of genetics malaria locked.xls will help with understanding.  

Pick a survival rate and starting value for fraction B. Use result for next fraction B)
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 the maximum number of children survive to adulthood.  Similar results hold for other survival rates from malaria.  Survival rate depends on risk of malaria.
Worksheet 4—Mutation rates
(Use spreadsheet genetics mutation locked.xls.  Pick fraction B and mutation rate.  Observe fraction B in next generation.  Use that value for fraction B.  Keep repeating process and observe how fraction B levels off after several generations.)
Suppose in the current generation, the fraction of the alleles that are A is x and the fraction that are B is 1-x.  Suppose 1000 children are born to the next generation.  As before, this means 
#AA=1000x2 and #AB or BA=2000x(1-x)
We assume BB children have a lethal trait, so none survive.
1) How many A and B alleles do you expect the surviving children to have, before mutation? How many total alleles are there? 
Answer: #A=2000x2+2000x(1-x)=2000x and #B=2000x(1-x).  

Total=2000x+2000x(1-x)=2000x(2-x)
2) Suppose 9% of the A alleles mutate to B alleles.  How many A alleles do you expect the surviving children to have, after mutation?

Answer: After mutation,  #A=(0.91)2000x=1820x
3) What is the fraction of A alleles you expect after mutation?

Answer: Fraction A
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4) We now have a function that gives Next (proportion of A-alleles among children) in terms of Now (proportion of A-alleles among parents).  For what value of x does Now equal Next?
Answer: We have Next
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 or –x2+2x-0.91=0 so x=0.7 or x=1.3.  Only realistic answer is x=0.7.
(Does this agree with result of spreadsheet?

handout 4 continued—More on mutation
(Use of spreadsheet genetics mutation rate locked.xls may help understanding.

Pick starting fraction for fraction B and mutation rate.  Keep reusing resulting fraction B as new fraction B and observe where fraction B levels off.)
5) In 1), we determined that #A alleles among the survivors=2000x.  Suppose the fraction of A alleles that mutate to B alleles is m. How many A alleles do you expect the surviving children to have, after mutation?  

Answer #A=(1-m)2000x
6) What is the fraction of A alleles you expect after mutation, in terms of x and m?

Answer: fraction A
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7) We now have a function that gives Next (proportion of A-alleles among children) in terms of Now (proportion of A-alleles among parents).  For what value of x does Now equal Next?

Answer: Solving  
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8) The fraction of children born with Galactosemia, a recessive trait, is between 0.0001 and 0.00002.  This means that the fraction of children born with Galactosemia satisfies the inequality 
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. Substitute and find a range for m.  

Answer: From 7), 
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 and mutation rate for Galactosemia is between 0.00002 and 0.0001.
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