
SHGS 6212 MATHEMATICS & STATISTICS IN BIOINFORMATICS
TUTORIAL 3

1. A scientist is trying to estimate the mutation rate in a particular 1000 bp gene. He samples 20
people randomly, and then chooses the most commonly seen sequence as the reference sequence.
After that, all other sequences are compared to this reference sequence, and the number of nucleotide
differences is recorded as follows:

0, 0, 1, 0, 0, 2, 1, 0, 3, 1, 0, 0, 0, 1, 0, 0, 2, 0, 0, 0.

(a) Give a reasonble estimate of the mutation rate for that particular sequence.
(b) Calculate the SE for part (a).
(c) Explain why your particular way of estimating the mutation rate is reasonable.

2. A pharmaceutical company is interested in testing a new drug for treating a hypertension. Using
randomised clinical trials, half of the 200 participants (patients) are randomly assigned to the drug,
and the rest to a placebo. After 3 months, the participants have their blood pressure measured,
and data are recorded as follows.

Improved Worsened

Drug 59 41
Placebo 48 52

(a). Estimate the success probability of the both drug and placebo treatments.
(b). For part (a), construct 95% CI of p for both types of treatment.
(c). Estimate the odds of success for drug and placebo treatments; then, find the odds ratio.
(d). Is your estimator in (c) unbiased?
(e). A well-known result claims that the log of odds ratio is approximately Gaussian. Using this
result, find the 95% CI for the odds ratio in (c).

3. A study on students of a particular university found that men had an average height of about
66kg, and SD of about 9kg. The women had an average weight of about 55kg and an SD of 9kg.
(a). Approximately what percentage of the men weighed between 57kg and 75kg?
(b). If you took the men and women together, would the SD of their weights be smaller than 9kg,
just about 9kg, or bigger than 9kg? Why?
(c). Give a sketch of the distribution of university students.

4. Assume that X ∼ N((µ = 5, σ2 = 4). Use R to illustrate the meaning of a 95% CI for µ.

5. There are several ways one can estimate σ2 of the Gaussian model. Suppose we have a sample
of n iid observations from N(µ = 5, σ2 = 1). Consider the following three candidates:
(a). 1

n

∑n
i=1(Xi − X̄)2.

(b). 1
n−1

∑n
i=1(Xi − X̄)2.

(c). 1
4(max{X1, X2, · · · , Xn} −min{X1, X2, · · · , Xn}).

Use R to compare the statistical properties of these estimators for two cases: n = 20 and n = 100
(Set your simulation size to be 1000 repetitions).
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