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Instructions: Answer all questions.

1. The following numbers of the human MN blood groups were recorded in a sample of American
Whites:

M MN N

1787 3039 1303

a) List down the genotype frequencies observed in this sample. [1]
b) Name the distribution of the number of people with these three genotypes in a sample of n
people. What is n? [2]
c) Use the maximum likelihood method to estimate the allelic frequencies. [2]
d) Is the the MN blood locus of the American White population in Hardy-Weinberg equilibrium?
Test this hypothesis using the chi-squared test. [5]
Total: [10]

2. Suppose we have a DNA sequence of length n. Over a period of time t, it accumulates mutations
according to the Poisson distribution, with rate λ. Note that λ has unit per site per year.
a) Let X be the number of mutations in our length-n sequence, which follows the Poisson distri-
bution. Write down the probability mass function.
Hint: pay attention to the unit of λ. [2]
b) Given that there is at least one mutation in our sequence, how does the resultant probability
mass function of X look like? [2]
For the following parts, consider n = 103, t = 103, λ = 10−7 per site per year.
c) Give the mean and variance of X. [2]
c) What is the probability that there is no mutation in our sequence? [1]
d) What is the probability that there is at least one mutation in our sequence? [1]
e) What is the probability that there are not more than two mutations in our sequence? [2]
f) What value should t be if there is to be a 50 % probability that there is at least one mutation
in our sequence? [2]
Total: [12]

3. Suppose we have n i.i.d continuous random variables X1, X2, . . . , Xn.
Let Y = min{X1, X2, . . . , Xn}.
a) Find the cumulative distribution function of Y , P (Y ≤ y).
Hint: Recall that max{X1, X2, . . . , Xn} ≤ c implies that Xi ≤ c for all i = 1, 2, . . . , n. For the
present problem, you need to find similar equivalent condition for Y . [3]
b) Use part (a) to help you find the probability density function of Y , f(y). [3]
c) What is f(y) if X1, X2, . . . , Xn are i.i.d exponential random variables with mean µ? [2]
Total: [8]
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