
 AST        Feb 2009 
 
Example exam questions. Note the written exam will be in German. 
For discussion on 5 Feb 2009. 
 
Please read through these and find  

• Questions which are difficult 
• Questions which you do not think you can answer by reading the lecture handouts.  

 
* I have bacteria growing in the laboratory. I want to estimate the rate of mutation per 
generation. I count mutations after 1000 generations. I divide by the number of sites (base-
pairs) and divide by 1000. 
Why is this fundamentally wrong ? When is the approximation not too bad ? 
 
 
* Write down an expression for calculating evolutionary time 
 based on the number of observed mutations 
 using a k for the constant of proportionality 
 based on the Jukes-Cantor model 
 

* I claim that you can estimate evolutionary time from ⎟⎟
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constant, nmut is the number of mutations seen within nres base-pairs. 
 * This applies to DNA, but what would I have to change to have a similar expression 
for proteins ? 
 * Population b has evolved from a for a time tb and shows nb mutations in nres base-

pairs. Population c has evolved for time tc and shows nc mutations. What is the ratio, 
b

c

t
t  ? 

 
* You construct a phylogeny based on a protein sequence which is conserved in bacteria, fruit 
flies and humans. What are the bad assumptions that underlie the evolutionary distances ? 
 
* Describe a probabilistic measure for deciding if two aligned protein (or DNA) sequences 
are really related or if the similarity is purely a matter of chance. 
 
* I want to compare drug-like molecules, but they have different shapes and different number 
of atoms. Describe a method for measuring the similarity of any two molecules. 
 
* I have collected information on organisms. My descriptors are 
 * number of (legs + arms) Nl 
 * length of digestive tract in meters Ld
 * mass of body hair (kg) mh 
 * average number of children per generation Nc
(a) write down a formula for Manhattan distance measure for comparing two kinds of 
organism 
(b) write down a formula for a Euclidean distance measure comparing two kinds of organism 
 
* I have a collection of data points and a similarity measure between every pair of data 
points. Write down in words and pseudocode how a k-means clustering method would put the 
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objects into clusters. Use a diagram if it is helpful. 
 
* Describe in words, pseudocode and a diagram if necessary an agglomerative cluster 
method. 
 
* You have points in a two-dimensional space. Draw a diagram of points which would not be 
suitable for a cluster-joining method. 
 
* Some cluster algorithms require that you can measure the similarity of clusters as well as 
individual points. Describe two sensible measures of cluster similarity. 
 
* You have microarray data for a set of DNA fragments under different conditions (normal, 
starvation, temperature stress, …). You want to use a clustering algorithm to find which genes 
or DNA fragments behave in the same way. Describe a descriptor  
 
* Name two criteria one could use to recognize secondary structure. Draw a diagram. 
 
* I predict the secondary structure of a region of polypeptide to be 
 ---EEEHHEEE-- 
Where E means β-strand and H means α-helix. What is obviously wrong with the prediction I 
have made ? 
 
* What is the fundamental reason that one might expect secondary structure prediction in 
proteins to be successful ? 
 
* In a simple forwards-feed, backwards propagation neural network, the response (outputi) of 

a unit is given by 
iinputi e

output −+
=

1
1  Draw a diagram which shows the shape of the output 

as a function of input. Label the axes. On the y-axis, add numbers so one can see the range of 
the output. 
 
* A neural network usually has numbers as its input. A protein sequence is a series of 
characters (amino acid types). How would you encode a protein sequence so it is suitable for 
a neural network ? 
 
* My neural network has 107 hidden nodes and, during training, appears to produce better 
results than a network with 100 hidden nodes. What is the danger of too many hidden nodes ? 
 
* Neural networks were originally used to predict protein structure using only the sequence of 
the protein in which one is interested. What is a major improvement that could be made to 
this input information ? 
 
* Give a piece of empirical evidence that neural networks using only protein sequence will 
probably never be completely successful in predicting protein secondary structure. 
 
* What is a possible problem with too many neurons in the hidden layer of a neural network 
used for secondary structure prediction ? 
 
* Describe and use a diagram to explain how protein domains may be recognised using 
sequence information, even when the structure is not known. 
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* Protein domains mean different things to different people. Give two different and 
reasonable definitions. 
 
* One example domain recognition technique uses a hierarchical clustering method. What is 
the similarity measure used ? 
 
* Early protein domain recognition methods tried to cut a protein structure at a single position 
in order to split a protein into two compact domains. Draw a diagram of a protein structure 
where this would not be adequate. 
 
* I would like to implement a domain recognition program based on the network flow 

se to 

 Draw a diagram of a protein. Say what edge node is and explain in words and pseudocode 

 What would be a typical size for a protein domain in terms of the number of amino acid 

 Would you say that the "gene ontology" method for classifying protein function is more 

 I have discovered a sequence motif ACDXX[WY] which is present in all enzymes of the 
 

 I have two proteins. One has a well-defined function and is well studied. Nothing is known 

l 

 Maybe one would like to find functional similarities between proteins by recognising 

 from 

 Why might 3-dimensional motifs let you find functional similarities which would not be 
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algorithm.  I have a graph  where the flow goes from A to F. Each edge is marked with 
numbers x/y, where x is the flow through the edge. y is the capacity of the edge. I propo
cut the graph at the edges DF and EF. How can you quickly say that this is wrong. 
 
*
how the Taylor / Ising spin approach could be used for finding protein domains. 
 
*
residues ? 
 
*
flexible than using "EC" enzyme classification numbers ? Why ? 
 
*
sulphur-happyase class. I claim I can look for this motif and recognise more proteins of the
same type. What should I do to see if this is a reasonable claim ? 
 
*
about the function of the second protein. I want to make a functional prediction for the 
second protein, based on the first. Would it be more helpful to find sequence or structura
similarity ? Explain why. 
 
*
3-dimensional motifs. Describe a method which would be able to recognise similar 
arrangements of chemically important entities. You do not have to repeat any method
the lectures. You can describe any reasonable approach. You must specify some tractable 
method for representing relationships within the protein. You must specify a practical method 
for finding similarities between proteins. 
 
*
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recognised by sequence-based motifs ? 
 
* In the problem of protein sequence optimisation, how large is the potential search space, as 

 What might make the search problem easier than considering all possible sequences ? 

 You have a function which tells you how well a protein sequence fits to a structure. It acts 

e 

 You have a quasi-energy energy function E(S) of the sequence S. It contains two terms, 

st possible score a residue of type a could 

 Why is it not adequate to use an energy or free energy function as the score for protein 

 Explain why protein sequence optimisation is a discrete optimisation problem. Give an 

 If protein sequence design is a discrete optimization problem, what optimisation methods 

 I develop a method for finding the best energy sequence for a protein structure. Why may it 

 I have successfully described an optimisation method (maybe Monte Carlo) which lets me 

 Describe in words and a diagram why the methods used in the program "psi-blast" are able 

 Explain why a good amino acid substitution matrix is more important for comparing remote 

 You have to build a model for a protein sequence. When would you prefer to use a sequence 

 I want to align a protein sequence to a protein structure. I have a perfect energy function 
 I 

 Describe a method which allows one to align a sequence into a protein structure. 

a function of protein size (Nres) and the number of types of amino acid (Ntype) ? 
 
*
 
*
as if it were an energy function E(S) of the sequence S so a more negative energy is more 
favourable. Write in pseudocode a Monte Carlo method for simulating a walk over possibl
sequences at constant temperature. 
 
*
E1(S) and E2(S) which correspond to the interactions of an amino acid with its fixed 
environment (E1) and pairwise interactions (E2). 
Describe a method with pseudocode to find the be
have at a position i in the sequence. This is not the same as asking for the complete dead end 
elimination method. 
 
*
sequence optimisation ? 
 
*
example of a continuous optimisation problem. 
 
*
can I not use ? 
 
*
not be important to find the single best sequence ? 
 
*
find a good sequence for a given protein structure. How would you generalise the method to 
handle arbitrary rotamers ? 
 
*
to find more remote homologues than those used in "blast". 
 
*
protein homologues than for similar proteins. 
 
*
alignment ? When would you consider using a protein sequence to structure alignment ? 
 
*
which always returns the correct energy for any atoms interacting with each other. Why can
not use a simple scoring scheme as in sequence alignments ? 
 
*
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