
SHGS 6212 MATHEMATICS AND STATISTICS IN BIOINFORMATICS

SOLUTION 3

1. Let λ be the mutation rate; n is the sample size. Then, (a).

λ̂ =
#observed mutations

n
= 0.55 mutations per 1000 sites.

(b) SE of λ̂ = SD of #observed mutations/
√
n ≈ 0.2.

(c) If we model the mutation process according to the Poisson model, then the number
of observed mutations in a 1000bp (L) sequence, X, is given by

P (X = x) =
(λL)xe−λL

x!
,

where x = 0, 1, . . .. The maximum likelihood estimate of λL is given by the sample mean:

λ̂L = X̄.

Therefore, λ̂ = X̄/L.

2. (a)

π̂drug = 59/100 = 0.59 ; π̂placebo = 48/100 = 0.48.

(b) The 95 % CI for π is given by[
π̂ − 1.96

√
π̂(1− π̂)

n
, π̂ + 1.96

√
π̂(1− π̂)

n

]
.

For πdrug, we have [0.49, 0.69]; for πplacebo, we have [0.38, 0.58].
(c)

oddsdrug =
π̂drug

1− π̂drug

= 1.44,

oddsplacebo =
π̂placebo

1− π̂placebo

= 0.92,

odds ratio (OR) =
oddsdrug
oddsplacebo

= 1.56.

The odds of success for the drug treatment is about 56% higher than that of the placebo’s.
(d) No, since in general,

E
(

oddsdrug
oddsplacebo

)
̸= E(oddsdrug)

E(oddsplacebo)
.
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(e) The SE of log(ÔR) is given by
√
1/a+ 1/b+ 1/c+ 1/d, where a, b, c, d correspond

to cells in the 2× 2 contingency table:

Improved Worsened
Drug a b

Placebo c d

The 95% CI for logOR is given by

[log(ÔR)− 1.96SE(log(ÔR)), log(ÔR) + 1.96SE(log(ÔR))] = [−0.115, 1.00].

The 95% CI for OR is therefore [e−0.115, e1.00] = [0.89, 2.73].

Remarks: The result indicates that we cannot exclude the possibility of OR = 1, so
the evidence against placebo is considered weak. However, a larger sample size may al-
low us to improve the precision of our OR estimate, leading to the rejection of the null
hypothesis that placebo and drug are equally effective.

3. (a) The interval [57, 75] is ±1 SD from 66. Under a Gaussian distribution for weight,
this covers about 68% of the population.
(b) It will be larger than 9kg, since by combining male and female students the overall
range of weight values expands.
(c) Sketch a graph that shows a bimodal distribution with two peaks at 55 kg and 66 kg,
respectively.
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