Honors Biology – Uyeda






  
   Spring 2013

Unit 1: Introduction to Genetics






  Case Study 


Part V—Population Genetics

“Finally,” Dr. Ciletti began, “let’s talk about cystic fibrosis. Now I mentioned that it is probably not something to worry about since neither of you has it in your family history, but there is a way to figure out the odds of being a carrier even without a past family history. Remember that in the case of a recessive autosomal disease like cf, for the disease to show up unexpectedly in your offspring both you and Greg would have to be carriers. We can estimate the probability of each of you being carriers by looking at the population as a whole.”
“You mean all the people on earth?” Olga asked.

“No. For purposes of genetics you each belong to different populations,” Dr. Ciletti began. “Now Olga, you’re of European descent, correct?”

“Yes, Swedish and German.”

“And obviously Caucasian. Now I can look up the carrier frequency, that is, the fraction of people in your population group that carry the most common cystic fibrosis allele. As it happens, one of every twenty-three Caucasians of European descent carries a recessive allele for cf.”

“That doesn’t sound very encouraging,” Olga interjected. “I have a 1 in 23 chance of having a child with cystic fibrosis.”
“Not at all. You just have a 1 in 23 chance of carrying the cf gene.” Dr. Ciletti replied. “Now Greg is Asian American and within his population group the carrier frequency is 1 out of 180. Making the odds even longer is the fact that if you are a carrier you have only a 50-50 chance of passing on your disease causing allele. So the chance of you two producing a baby with cf is actually 1/23 × 1/180 × ½ × ½  or 1 out of 16,560. So, just how big a family were you planning to have?”

“But wait,” said Greg. “If a carrier is someone who doesn’t display any of the features of a disease, how can you know how many carriers are in a population?”

“Good question, Greg. As an old professor of mine once said, ‘It all comes down to minding your P’s and Q’s.’ In a large population, the carrier frequency can be estimated by looking at the number of persons with the disease and then doing a little algebra. There are two equations we need to remember. The fi rst describes all the alleles in the population and it just says that p + q = 1. In other words, of all the alleles in the population, a percentage of them are the dominant version, which we can call p. So if 65% of the alleles in a population are healthy, then P must be 0.65. Th e rest of the alleles must be the recessive form, or q. If p is 0.65, then q must be 0.35, so that p + q = 1.

“But how do you know the percentage of q alleles in a population?” asked Olga. “The only people you can really identify are the people with the disease.”

“Exactly, and that brings us to the second equation we need to look at.”

Questions

1. What is the second equation?

2. The incidence of cystic fibrosis in Hispanic Americans is 1/4500 while in African Americans cystic fibrosis is seen in 1 of every 15,000 births. What is the carrier frequency for each of these populations?
3. What is the probability of two Hispanic Americans having a child with cystic fibrosis, given that there is no history of the disease in either’s family?

4. Carol is an African American woman who does not suffer from cf. Both of her parents are healthy but her brother has cystic fibrosis. Carol is planning a family with her husband Marcus, who is also African American but who has no history of cf in his family. What is the probability of their having a child with cf?
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Hardy Weinberg Equilibrium practice problems
1. You have sampled a population in which you know that the percentage of the homozygous recessive genotype (aa) is 36%. Using that 36%, calculate the following: 

A. The frequency of the "aa" genotype. 

B. The frequency of the "a" allele. 

C. The frequency of the "A" allele. 

D. The frequencies of the genotypes "AA" and "Aa." 

E. The frequencies of the two possible phenotypes if "A" is completely dominant over "a." 

2. Sickle-cell anemia is an interesting genetic disease. Normal homozygous individials (SS) have normal blood cells that are easily infected with the malarial parasite. Thus, many of these individuals become very ill from the parasite and many die. Individuals homozygous for the sickle-cell trait (ss) have red blood cells that readily collapse when deoxygenated. Although malaria cannot grow in these red blood cells, individuals often die because of the genetic defect. However, individuals with the heterozygous condition (Ss) have some sickling of red blood cells, but generally not enough to cause mortality. In addition, malaria cannot survive well within these "partially defective" red blood cells. Thus, heterozygotes tend to survive better than either of the homozygous conditions. If 9% of an African population is born with a severe form of sickle-cell anemia (ss), what percentage of the population will be more resistant to malaria because they are heterozygous (Ss) for the sickle-cell gene?
3. In a given population, only the "A" and "B" alleles are present in the ABO system; there are no individuals with type "O" blood or with O alleles in this particular population. If 200 people have type A blood, 75 have type AB blood, and 25 have type B blood, what are the alleleic frequencies of this population (i.e., what are p and q)?
4. A rather large population of Biology instructors have 396 red-sided individuals and 557 tan-sided individuals. Assume that red is totally recessive. Please calculate the following: 

A. The allele frequencies of each allele. 

B. The expected genotype frequencies. 

C. The number of heterozygous individuals that you would predict to be in this population. 

D. The expected phenotype frequencies. 

E. Conditions happen to be really good this year for breeding and next year there are 1,245 young "potential" Biology instructors. Assuming that all of the Hardy-Weinberg conditions are met, how many of these would you expect to be red-sided and how many tan-sided? 

5. Within a population of butterflies, the color brown (B) is dominant over the color white (b). And, 40% of all butterflies are white. Given this simple information, which is something that is very likely to be on an exam, calculate the following: 
A. The percentage of butterflies in the population that are heterozygous. 

B. The frequency of homozygous dominant individuals. 

Part VI—Conclusion
“So, is it possible to test for each of these diseases?” asked Greg.

“Yes, but for the sake of practicality, or expense, as some would say, we only test for those diseases that are reasonably likely based on a patient’s history. We wouldn’t for example test either of you for the presence of the cf allele.”

“Wait a minute,” Olga began, “what about a disease that doesn’t show up until later in life. Greg’s uncle didn’t show any symptoms of myotonic dystrophy until he was something like forty …”

“Forty three,” Greg corrected.

“Yeah, anyway, if a genetic test shows that you are going to get a genetic disease and it becomes part of your medical history, could an insurance company exclude it as a pre-existing condition, even though you don’t have it yet?”

“Well, the law is actually quite unsettled about the issue. Genetic testing has the power to predict the occurrence, or at least the likelihood of occurrence, of many diseases—cancer, Alzheimer’s disease, and diabetes just to name a few. Many people are not comfortable with that information being part of their medical records because they are afraid it could lead to a loss of insurance, losing out on a job, or some other form of discrimination. But,” Dr. Ciletti said with

Fi nality, “that is a subject to take up with lawmakers. It is entirely possible that after the conversation we’ve just had that you two know far more about the subject of genetic testing than your congressman or senators. If you’re concerned about the legal ramify cations of genetic testing, you should let them know. It was a pleasure meeting both of you.”

“Likewise, Doctor. You really helped to put my mind at ease,” Olga said.

“Yeah, I think we both feel a lot better, thanks,” said Greg.

Questions
1. What are some of the risks and benefi ts of genetic testing as it relates to legal (not medical) issues?

2. Do you think an unintended consequence of genetic testing could be that people would be less liable to seek medical care out of fear that they could later be denied life or health insurance? 
3. What laws should be used to govern the use of genetic data of this type?
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