Unit

Genetics and Evolution

Title

Assessment – Real World

Summary
The following are a series of real world genetics problems that relate to the genetic disorders cystic fibrosis and sickle cell anemia. They may be used to give students practice with Mendelian genetics and molecular biology or at the end of the unit to assess their understanding of various concepts.
Objectives

Reinforce and assess students understanding of real world genetics issues.

Assessment
Cystic Fibrosis
Cystic fibrosis is a genetic disease that affects many different parts of the body. There are approximately 30,000 Americans with cystic fibrosis. The most serious problem is the production of extremely thick, sticky mucus that clogs up the bronchial tubes in the lungs and the passageways in the pancreas (remember, the pancreas makes digestive juices that help break down food). This causes malnutrition, diabetes, lung infections, and difficulty getting enough oxygen to the body. Most people with cystic fibrosis die in their 20s or 30s from lung failure. 

Cystic fibrosis is caused by a mutation in the cystic fibrosis gene. This gene provides the code for a protein that helps produce digestive juices and mucus. 

1. Using what you know about DNA, what does it mean for there to be “a mutation in the cystic fibrosis gene”? 

2. The most common mutation in the cystic fibrosis gene is the deletion of 3 nucleic acids. In other words, in the mutated form of the gene, 3 nucleic acids in a row are missing. How would this mutation affect the protein that would normally be produced? 

Cystic fibrosis is a recessive genetic disease. The normal allele can be represented by “G” and the mutant allele can be represented by “g”.

3. If you have the cystic fibrosis disease, what is your genotype? _____ 

4. Approximately one in 25 Americans has a mutation in the cystic fibrosis gene. Does this mean that all of those people will have the disease? Explain your answer by describing the possible genotypes of people that carry a mutant allele. 

Cindy and Jonathan were married one year ago and are thinking of starting a family. Neither has cystic fibrosis. However, Cindy’s younger sister is very sick with cystic fibrosis. This has made Cindy and Jonathan worried that a baby they have together may be born with cystic fibrosis.

5. Cindy’s parents do not have cystic fibrosis. Knowing that Cindy’s sister has the disease, what must Cindy’s parents’ genotypes be? ____ (Clearly explain how you figured out their genotype. 

6. What kinds of kids could Cindy’s parents have? Fill in the Punnett square below. 





	
	
	

	
	
	

	
	
	



What are the chances that one of their kids is GG? ________%


What are the chances that one of their kids is Gg? ________%


What are the chances that one of their kids is gg? ________%

Cindy and Jonathan decide to get genetic testing to see whether either of them carries a mutant cystic fibrosis gene. Remember, Cindy and Jonathan do not have cystic fibrosis.

7. The results come back saying that Cindy is heterozygous. What is her genotype? _____ 
8. Jonathan’s results say that he is homozygous. What is his genotype? _____ 
9. What are the chances that Cindy’s and Jonathan’s kids will have cystic fibrosis. Explain completely how you know. Use a Punnett square if that helps you show the possibilities. 
Sickle Cell Anemia

Sickle cell disease is a disorder that affects the red blood cells. Red blood cells use a protein called hemoglobin to transport oxygen from the lungs to the rest of the body. Normally, red blood cells are round and flexible so they can travel freely through the narrow blood vessels.

Patients with sickle cell disease have a mutation in a gene that codes for part of the hemoglobin protein. As a result, hemoglobin does not form properly, causing red blood cells to be oddly shaped. These irregularly shaped cells get stuck in the blood vessels and are unable to transport oxygen properly, causing pain, frequent infections, and damage to the organs. Patients with sickle cell disease only survive to be 20 to 30 years old. About 1 in 500 babies born in America has the disease.
The normal hemoglobin nucleic acid sequence looks like:

T A C C A C G T G G A C T G A G G A C T C 

A T G G T G C A C C T G A C T C C T G A G 

10. Use the genetic code sheet provided to decode the top strand of the DNA. 

a. The messenger RNA would read:

b. The protein message would read:

The mutant form of the hemoglobin gene is shown below with the mutation highlighted:

T A C C A C G T G G A C T G A G G A C A C 

A T G G T G C A C C T G A C T C C T G T G 

11. Describe the difference between mutant allele and the normal allele.

12. How would this mutation affect the hemoglobin protein that would normally be produced? In your answer, explain exactly what would happen to the amino acid sequence and how that might affect hemoglobin’s ability to do its job. 

Sickle cell disease is a recessive genetic disease. The normal hemoglobin allele can be represented by “H” and the mutant allele can be represented by “h”.

13. If you have sickle cell disease, what is your genotype? _____ 

14. If you do not have sickle cell disease, what could your genotype be? _____ or _____ 

Jack and Jill were married one year ago and are thinking of starting a family. Neither has sickle cell disease. However, Jack’s younger sister is very sick with sickle cell disease. This has made Jack and Jill worried that a baby they have together may be born with sickle cell disease. Jack and Jill decide to get genetic testing to see whether either of them has a mutant hemoglobin gene. The results come back saying that both Jack and Jill are both Hh.
15. What are the chances that their kids will have sickle cell disease. Explain completely how you know. Use a Punnett square if that helps you show the possibilities. 
16. In general, is having sickle cell disease an advantageous trait to have? 

17. In terms of natural selection, what should happen to the prevalence of sickle cell disease in a population over several generations? 

18. Will the frequency of the mutant form of the hemoglobin gene (h) increase or decrease over time?

Sickle cell disease is most common in people of African, Indian or Middle Eastern descent. Africa, India and the Middle East all have a big problem with another disease - malaria. If you get malaria, you become extremely sick with a high fever, vomiting, convulsions and possible organ failure. Infants and children are particularly vulnerable. Almost 1 million children die from malaria each year.

Interestingly, people that only have one copy of the mutant hemoglobin gene are more resistant to malaria. If infected, they become only slightly sick (with symptoms more like the common cold) and children that are heterozygous rarely die from malaria! 
19. What does it mean for someone to be “heterozygous”? 

20. In areas where there is a lot of malaria, is being heterozygous for the sickle cell gene an advantageous trait? 

21. In terms of natural selection, what should happen the prevalence of being heterozygous for the sickle cell gene in a population over several generations in areas with a big malaria problem? 
22. In these areas, will the frequency of the mutant form of the hemoglobin gene (h) increase or decrease over time?
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