
Exercises
Statistics Applied to Bioinformatics

Jacques van Helden
jvanheld@ucmb.ulb.ac.be

Service de Conformation des Macromolécules Biologiques,
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1 Descriptive statistics
1. Explain why the median is a more robust estimator of central tendency than the

mean ?

2. Which kind of problem can be revealed by

(a) platykurtic distribution ?

(b) mesokurtic distribution ?

2 Probabilities
1. Assuming a DNA sequence with independently and identically distributed nu-

cleotides, calculate the probabilities of the following oligonucleotides.

(a) A

(b) AA

(c) AAAA

(d) AAAAAA

(e) CCCCCC

(f) CACACA

(g) CANNTG

(h) CACGTK

2. Calculate the probabilities of the same oligonucleotides as in the previous exer-
cise, assuming that nucleotides are independently distributed, but have the fol-
lowing prior probabilities:

P (A) = 0.31;P (T ) = 0.29;P (C) = 0.19;P (G) = 0.21

3. In a random gapless alignment of two DNA sequences, what is the probability to
observe a succession of

• at least 10 matches at a given position ?

• exactly 10 matches at a given position ?

4. In a random sequence with equiprobable nucleotides, what is the probability to
observe the first G at position 30 ?

5. All hexanucleotide frequencies have been measured in a complete genome. If
the pentanucleotide starting at position j of this genome is GATAA, what is the
probability for the hexanucleotide at the same position to be GATAAG ? Write the
formula and calculate the value. All the required information (and a bit more) is
provided in Table 1.
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Hexanucleotide Genomic frequency
...

...
AGATAA 0.0005523518490
CGATAA 0.0002483362066
GATAAA 0.0006012194389
GATAAC 0.0002327874281
GATAAG 0.0002733623360
GATAAT 0.0005949999274
GGATAA 0.0002788414294
TGATAA 0.0006226915617
AATAAG 0.0005998866864
ATAAGA 0.0005396166589
ATAAGC 0.0003003135522
ATAAGG 0.0003078658161
ATAAGT 0.0004167072663
CATAAG 0.0002418205280
TATAAG 0.0004486933251
...

...

Table 1: Hexanucleotide frequencies in intergenic sequences (fragment; the complete
table has 4096 rows)

Codon type Codon Genomic frequency Coding Frequency Intergenic frequency
Start ATG 0.01825 0.01868 0.01706
Stop TAA 0.02238 0.01991 0.02900
Stop TAG 0.01289 0.01246 0.01408
Stop TGA 0.02012 0.02118 0.01738

Table 2: Frequencies of start and stop codons in different sequence types

6. Table 2 provides the frequencies of start and stop codons in genomic, coding and
intergenic sequences respectively.

(a) Calculate the probability to observe, in each sequence type, an open reading
frame of

i. at least 30 bp
ii. at least 300 bp

iii. at least 1000 bp

(b) If we observe an open reading frame of 300bp, what is the probability to
be in a coding region, knowing that 72% of the genome is coding ?
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3 Combinatorials
1. A set of genes are randomly selected in a genome containing N=6,000 genes.

How many distinct sets can be formed in the following conditions :

(a) 2 genes without replacement, with ordering

(b) 3 genes without replacement, orderless

(c) x genes without replacement, orderless

(d) x genes with replacement, orderless

(e) 6000 genes without replacement, orderless

4 Probability distributions
1. In which cases is it appropriate to apply a hypergeometric or a binomial distri-

bution, respectively ?

2. Does the hypergeometric distribution correspond to a Bernouilli schema ? Jus-
tify.

3. What are the relationships between binomial, Poisson and normal distributions ?

4. A given organism has 6,000 genes, among which 40 are involved in methion-
ine metabolism. A set of 10 genes are co-regulated in a microarray experiment.
Among them, 6 are related to methionine metabolism. What would be the prob-
ability to observe such a correspondence by chance alone ?

5. A sequence of 10,000 bp has the following residue frequencies

• F(A) = F(T) = 0.325

• F(C) = F(G) = 0.175

(a) What is the probability to observe the word GATAAG at any position of a
sequence (assuming a Bernouilli model)

(b) What would be the probability to observe, in the whole sequence

i. 0 occurrences
ii. at least one occurrence

iii. exactly one occurrence
iv. exactly 15 occurrences
v. at least 15 occurrences

vi. less than 15 occurrences

6. A sequence is generated with equiprobable nucleotides. What is the probability
to observe the word GATAAG or a single-base substitution of it, at any position
?
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GATAAG freq
0 223
1 337
2 247
3 119
4 54
5 13
6 6
7 0
8 1

Table 3: Occurrences of the word GATA in a set of 1000 sequences, 800bp each

5 Fitting
1. You want to fit a Poisson curve on an observed distribution

(a) Which parameters do you need ?

(b) How do you estimate these parameters ?

2. Same question with a binomial distribution

3. Same question with a normal distribution

4. Table 3 shows the distribution of occurrences of the word GATA in a set of 1000
sequences of 800 base pairs each.

(a) Fit a binomial, a Poisson and a normal distribution on the observed distri-
bution.

(b) Draw the observed and fitted distributions and compare the fittings obtained
with the different theoretical distributions.

(c) Compare each fitted distribution with the observed one with a Q-Q plot

6 Hypothesis testing
1. A DNA chip experiment as been performed to measure the level of gene ex-

pression in methionine+minimal medium (red channel) versus minimal medium
(green channel). The experiment contains 3 repetitions (DNA chips). The log-
ratio is calculated for each chip.

A given gene has the following log-ratios: 2.0, 3.1, 0.3. Is this gene activated in
presence of methionine ?

2. A DNA chip experiment has been performed to measure the transcriptional re-
sponse of 5783 yeast genes in different conditions of phosphate stress or phos-
phate mutants. Eight DNA chips have been reported. The mean and standard
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mean sd
chip1 -0.02398510 0.5087853
chip2 0.04241614 0.4254476
chip3 0.05598247 0.5000034
chip4 0.01694154 0.4182030
chip5 -0.14088050 0.3864557
chip6 -0.45623218 0.5077576
chip7 0.06869933 0.4388447
chip8 -0.24371995 0.4494011

Table 4: Mean and standard deviation for each DNA chip of the phosphate experi-
ments)

deviation are provided in Table 4. For each chip, test if the mean equals 0. How
do you formulate the hypothesis ? Comment the result: given the values of means
and standard deviations, would you have expected such a conclusion ? How do
you explain it ?

7 Significance testing
1. The genome of Escherichia coli (4,639,221 base pairs) contains 94 occurrences

of the hexanucleotide GGCGCC. Knowing that this genome contains 50.78% of
G/C.

(a) What would be the probability to find a match at any position (with a
Bernouilli model)

(b) How many occurrences would be expected at random ?

(c) Assess the significance of the observed number of occurrences of GGCGCC
?

2. Hexanucleotide occurrences were counted on both strands, in 800bp upstream
sequences of

• A set of 6 nitrogen-regulated genes

• The complete set of 6,448 genes of the yeast genome

The motif GATAAG has the following occurrences

• 24 occurrences for the 6 nitrogen regulated genes

• 2,763 occurrence in the complete set of upstream sequences

(a) How many occurrences would be expected at random ?

(b) What is the significance of the observed number of occurrences ?
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class n mean sd min max
PHO 13 8.681538 2.746834 3.11 11.32
MET 19 6.197368 1.476117 3.99 9.75
CTL 82 4.292317 1.804908 0.07 10.18
ALL 6309 4.456323 1.855574 -1.50 11.46

Table 5: Scores obtained in yeast upstream regions with the Pho4p position-weight
matrix. Some functional classes have been defined (first column), and the mean and
standard-deviation of the score has been calculated for each class.

8 Clustering
1. Explain the difference between single, average andd complete linkage.

2. What are the advantages and drawbacks of k-means clustering ?

9 Discriminant analysis
1. Explain the difference between internal and external evaluation.

2. We will illustrate the concept of discriminant analysis with an exercise that can
be realized without computer (a simple calculator is sufficient). For this, we will
work with a single predictor variable.

A pattern matching program has been used to predict Pho4p binding sites in the
whole set of 6,309 upstream sequences from the yeast Saccharomyces cerevisiae.
Each gene is assigned a value indicating the top score obtaine with the matrix in
its upstream region.

Three classes of genes have been defined : “PHO” (phosphate-respondinggenes),
“MET” (methionine-responding genes) and “CTL” (control genes, supposed to
respond neither to phosphate nor to methionine). Table 5 shows some statistics
on these 3 groups, as well as on the whole set of genes (“ALL”).

(a) Let us suppose that a given gene has a score X=10. Calculate its standard
distance to the different group means.

(b) Assuming that scores are normally distributed within each group, which
group has the highest probability to raise the score 10 ?

(c) Calculate the value of sample-based prior group probabilities.

(d) Calculate the posterior probabilities for the score 10, by estimating priors
on the basis of the sample.

(e) Calculate the posterior probabilities for the score 10, with the following
arbitrary priors :

PHO 1%
MET 1%
CTL 98%
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(f) repeat the steps above for different values of X.
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