
Natural Selection with the Sickle Cell Mutation
Background Information
Sickle-cell anemia results from a mutant allele for hemoglobin.  There are two alleles for the production of hemoglobin.  Individuals with two Hemoglobin A alleles (AA) have normal red blood cells.  Those with two mutant Hemoglobin S alleles (SS) have abnormal sickle-shaped red blood cells and suffer from sickle-cell anemia.  Heterozygous (AS) individuals carry the mutant allele but do not suffer from its debilitating effects.  They have both normal and sickle-shaped red blood cells.

In the US, about 1 in 500 African-Americans develops sickle-cell anemia.  But in Africa, about 1 in 100 individuals develops the disease.  Why is the frequency of a potentially fatal disease so much higher in Africa?

Individuals with an AA hemoglobin genotype have a significantly greater risk of contracting malaria and may die from the disease.  The SS genotype, is usually fatal before the age of twenty.  A person with an AS genotype does not develop sickle-cell anemia and has less chance of contracting malaria.  The frequency of the Hemoglobin S allele in malaria-infected regions of Africa is 16%, but in the US, the allelic frequency is 4%.

Procedure
Blue beads = Hemoglobin A allele

Yellow beads = Hemoglobin S allele

1. Place 105 blue beads in the unlabeled container.  Add 35 yellow beads to the unlabeled container.  Shake the container well.
2. Wearing a blindfold, one class member will select two beads at a time, 50 times.  After each selection, the class will record the genotype of the offspring in Table 1.  Each selection will be placed in the appropriate container – AA (blue-blue), AS (blue-yellow), or SS (yellow-yellow).

3. During the time when the blindfolded classmate selects beads, another class member will randomly call out “malaria” 25 times.  
A. If the genotype of the individual just selected is AA, that offspring will contract malaria and die (placed in the non-surviving container).  
B. If the genotype is AS or SS, the individual will be placed in the appropriate container (AS or SS).  
C. In Table 1, circle or highlight each of the individuals who are exposed to malaria.

4. After the first generation (50 offspring), empty the beads in the AA and AS containers into the unlabeled container to be used again.  Place all of the SS beads in the non-surviving container.

5. Count the number of beads in the unlabeled container and record the individual and combined totals in Table 2.  Calculate the allelic frequencies as shown and record your results.

6. Repeat the procedure again, calling out malaria 50% of the time.  Record the results from the second generation in Tables 3 and 4.

Table 1 – Number of Offspring in Generation 1 with each Hemoglobin Genotype
	AA genotype
	AS genotype
	SS genotype

	
	
	


Table 2 – Summary of the Results from Generation One
	How many A alleles are remaining in the population?
	

	How many S alleles are remaining in the population?
	

	What is the total # of alleles in the population?
	

	What is the frequency of the A allele? (A/total)x100
	

	What is the frequency of the S allele? (S/total)x100
	


Table 3 – Number of Offspring in Generation 2 with each Hemoglobin Genotype
	AA genotype
	AS genotype
	SS genotype

	
	
	


Table 4 – Summary of the Results from Generation Two
	How many A alleles are remaining in the population?
	

	How many S alleles are remaining in the population?
	

	What is the total # of alleles in the population?
	

	What is the frequency of the A allele? (A/total)x100
	

	What is the frequency of the S allele? (S/total)x100
	


Conclusions
1. What was the frequency of the A allele in the original population? __________________________
2. What was the frequency of the S allele in the original population? __________________________
3. What happened to the frequency of the A and S alleles over time? 
4. Since few people with sickle-cell anemia are likely to survive to have children of their own, why hasn’t the Hemoglobin S allele been eliminated by natural selection?

5. Why is the frequency of the Hemoglobin S allele so much lower in the US than in Africa?

6. Scientists are working on a vaccine against malaria.  What impact would the malaria vaccine have on the frequency of the Hemoglobin S allele in Africa?

