Name ____________________________


Sickle Cell Anemia and Malaria
In humans, there is a gene that controls formation of hemoglobin, the protein in the red blood cells which carries oxygen to the body tissue. The “normal” allele of this gene codes for “normal” hemoglobin. However, there is another allele for this gene that has one different nitrogenous base in its DNA sequence, and thus, one codon in the middle of the gene codes for a different amino acid in an important place in the hemoglobin molecule. A red blood cell (RBC) that contains this altered hemoglobin will, under stress, crinkle up into a shape that reminded someone of the shape of an old-fashioned sickle. While the letters “S” and“s” are often used to represent these alleles, since both of them code for “make hemoglobin”, in reality, neither is dominant over the other. Someone who is SS makes all normal hemoglobin, someone who is ss makes all abnormal hemoglobin (and we say that person has sickle-cell anemia), and someone who is Ss essentially has two sets of instructions, and so, makes some of each kind of hemoglobin (often referred to as sickle-cell trait). This is more of a co-dominant relationship than a incompletely dominant one as BOTH types of hemoglobin are present in the heterozygous individual.
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Because the RBCs of a person who is ss contain all abnormal hemoglobin, they will “sickle” very easily, with very little stress required to provoke that reaction. All those sickled cells tend to get stuck as they try to go through capillaries, and cause things like strokes, heart attacks, pulmonary embolisms, etc. that lead to death. Because only some of the RBCs of a person who is Ss contain abnormal hemoglobin, that person usually only has trouble with a lot of cells sickling if they’re under a lot of stress trying to meet a higher-than-normal oxygen demand, and so the chances of a person dying from sickle-cell trait are much lower than for full-blown sickle-cell anemia. 

So, scientists wondered why this deleterious allele, where even the heterozygous individuals were negatively affected, was found in high concentrations in certain areas of the world. Map on right shows higher concentration in darker colors.

Go to website

http://www.pbs.org/wgbh/evolution/library/01/2/l_012_02.html
Click on video in upper right-hand corner.
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Malaria is a parasitic disease that’s prevalent in tropical areas. When a mosquito that’s carrying the parasites bites someone, the parasites enter the person’s bloodstream, and invades and lives in the person’s RBCs. 
However, if a person has sickle-cell anemia (ss), the presence of a parasite in a RBC is so stressful, it causes the RBC to sickle (crinkle up), and when that happens, that kills the parasite before it can multiply and spread to other RBCs. Thus, coincidentally, a person who is ss is also “immune” to malaria. If a person is Ss and a malaria parasite tries to invade a RBC with abnormal hemoglobin, again, the RBC will sickle, killing the parasite before it has a chance to reproduce. If a parasite invades a RBC with normal hemoglobin, it will be able to live and multiply, but if its offspring invade other RBCs with abnormal hemoglobin, they, too, will be killed. Thus, a person who is Ss is “resistant” (though not totally immune) to malaria. If a person is SS and has all normal hemoglobin, the malaria parasites do just fine, invading RBCs, growing and multiplying, and invading more RBCs. Thus, an SS person usually dies, eventually, from causes tied to the malaria. 
Questions:
1. Two parents who are heterozygous for the sickle-cell/normal hemoglobin alleles have what percentage chance of having a child with sickle-cell anemia?

2. In other examples of genetic disorders, such as Tay Sachs and Cystic Fibrosis, despite the severe impact these disorders have on the lifespan of the affected individual who is homozygous recessive, the allele remains present in the population. Why is it not naturally selected out of the population?

3. The sickle cell allele is not a recessive allele (such as those in the question above) and potentially can have a negative impact on even the heterozygotes in a population. That being said, explain why this allele is naturally selected out of the human population. 

4. Parents who are heterozygous for the sickle-cell trait have a 50 percent chance of having a child who is resistant to malaria and a 50 percent change they will either be normal or have sickle cell anemia (in both cases not an ideal way to be in a region of the world where malaria is prevalent). Explain why this can be viewed as a sort of a genetic compromise/evolutionary trade-off.

