
SHGS 6212 MATHEMATICS & STATISTICS IN BIOINFORMATICS
TUTORIAL 4

1. Through microarray experiments, a biologist finds the following light intensity measurements
(from 10 randomly sampled individuals) for a particular gene.

−3.4,−0.6,+1.2,+0.6,+2.1,−0.1,+3.0,−0.5,−0.9,−1.2.

If the gene is highly expressed, then it should have highly positive values, and vice versa. For
normal expression levels, the intensity level is close to 0. Use a t-test to test the null hypothesis
that expression levels are normal for this particular gene.

2. Mr Ekachai regularly wins at a coin-tossing game, and he credits his incredible success (about
70% correct guesses) to his amulet, which is offered at a “special price” to people who wish to be as
lucky as he is. You are given the challenge of exposing this liar using a statistical approach. Using
a 5% significance level test, calculate the sample size needed so that your test will have 90% power.

3. A well-known geneticist (Daniel Hartl from Harvard University) once made the following state-
ment:

Statistical significance is an objective, unambiguous, universally accepted standard of
scientific proof. When differences in allele frequencies among ethnic groups are statis-
tically significant, it means that they are real-the hypothesis that genetic differences
among ethnic groups are negligible cannot be supported.

Briefly comment on his interpretation of statistical significance.

4. The chi-squared goodness of fit test is often used in problems that involve proportions. For
example, if we make large numbers of crosses of type Aa × Aa, where A is the dominant allele,
then Mendelian theory predicts that the proportion of AA or Aa type offspring (the A phenotype)
is 75%, and the remainder is taken up by aa type offspring. If we have 1000 offspring, then the
expected number of A phenotype offspring is 750, and 250 for the a phenotype. The chi-squared
test statistic is computed from
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where O is for the observed count, and E is for the expected count, with subscripts denotype
category. By checking the chi-squared distribution with 1 degree of freedom, we can find the
required p-value of the test. When the model is specified without using any information from data,
the degree of freedom is just the number of categories minus 1. The orginal data from one of
Mendel’s famous pea experiment are given here

Traits Wrinkled Smooth

Count 5474 1850
Compute the p-value and comment on the results.

5. Use the aov function in R to perform an ANOVA of the effect of feed types on mean weight of
chicks. The dataset chickwts is built-in in R.
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