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Most of these problems were taken from Math Minutes, written by Heyer and Campbell for their genomics textbook. The book’s website (http://wps.aw.com/bc_campbell_genomics_2/) provides many free electronic files that facilitate answering some of the questions. 

Biomathematics Problem 6

What does a positive genetic test result really mean?

What does it mean if your test result for a genetic disease (e.g., cystic fibrosis; CF) is positive? What is the probability you actually have the disease, given that the test was positive? You must know the answer to this question before you can respond intelligently to a positive test result.  The probability the positive test result is correct depends on three other probabilities that are commonly associated with disease testing: prevalence, sensitivity and specificity.  To explain these three probabilities and how they are used to determine the probability your positive result is correct, we consider the case of testing a single Caucasian individual for CF. 

     Prevalence is the overall probability of an individual having the disease, estimated by the proportion of the population with the disease. The prevalence of CF in Caucasians is P(CF) = 1/2500 = 0.0004 (assuming no prior knowledge of CF disease alleles in the individual’s pedigree). 

     Sensitivity is the probability that the genetic test will be positive when the individual really has the disease.  The sensitivity of the CF genetic test varies with the number of alleles tested. If the 21 common alleles are tested, sensitivity is P(+|CF) = 0.85. The vertical bar between “+” and “CF” can be read as “assuming” or “given”; the probability of a positive test result given the person has cystic fibrosis is 85%. 

     Specificity is the probability that the test will be negative given the individual does not have the disease. Poor specificity may be caused by technical errors or difficulties in the testing procedures. The specificity of a test can be estimated by studying those who test negative, to see if they later develop the disease. We will suppose that the specificity of the CF test is P((|no CF) = 0.999.  Because a person who does not have CF must test either positive or negative, another way of saying the same thing is P(+|no CF) = 0.001.  In other words, only one out of 1000 individuals who do not have CF would test positive.

Questions

1. Suppose 10 million Caucasians are tested for CF. How many would have CF? Of those with CF, how many would you expect to test positive? How many people would test positive regardless of their CF status? Combine prevalence, sensitivity, and specificity to compute P(CF|+), the probability of having CF given a positive test result.   

2. Who should be more skeptical of a positive CF test, a Caucasian or an African American (prevalence = 1/17,000; sensitivity of CF testing in African Americans = 0.69)?
3. Which do you think should be a higher policy priority, finding more CF alleles, or decreasing the false positive rate of CF tests?  Explain your answer.

Note: You can create an Excel file to help you answer the following Questions.

4. Describe the effect of sensitivity on disease testing by computing P(CF|+) when sensitivity is between 0.6 and 0.99, keeping the prevalence 0.0004 and the specificity 0.999.  

5. Describe the effect of specificity on disease testing by computing P(CF|+) when specificity is between 0.9 and 0.9999, keeping the prevalence 0.0004 and the sensitivity 0.85.

6. Describe the effect of prevalence by computing P(CF|+) when prevalence is between 0.0004 and 0.4, keeping the sensitivity 0.85 and the specificity 0.999. For what value of prevalence would P(CF|+) be maximized? 
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[image: image4.jpg]TABLE 4.2 « Data showing fold change (experimental + control) in mRNA production
for 12 hypothetical genes (C - N).

Name 0 hours 2 hours 4 hours 6 hours 8 hours 10 hours
gene C 1 8 12 16 12 8
gene D 1 3 4 4 3 2!
gene E 1 4 8 8 8 8
gene F 1 1 1 025 025 01
gene G 1 2 3 4 3 2
gene H 1 05 033 025 033 05
gene T 1 4 8 4 1 05
gene ] 1 2; 1 2 1 2
gene K 1 1 1 1 3 3
gene L 1 2 3 4 3 2
gene M 1 033 025 025 033 05
gene N 1 0.125 0.0833 0.0625 0.0833 0.125
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