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Principles of Computational Biology

EXAM 2011
1. Global sequence alignment: 

a. Finish the dynamic programming table below assuming gap penalty = -2,  match = +1, mismatch = -1. Assume that there that “flanking  gaps” (the gaps at the beginning and ending of the alignment) are penalized. (2p)

b. Trace in the table path (or paths) corresponding to the alignment with maximum score (if you type in answers, you can use matrix notation assuming that upper left corner is indexed by (0,0) and bottom right is indexed by (4,5)) (2p)

c. Write down the highest scoring alignment (or alignments) and the score of this alignment . (1p)

	
	
	C
	A
	A
	T
	A

	
	0
	-2
	-4
	-6
	
	

	C
	-2
	1
	 -1
	
	
	

	A
	-4
	-1
	 2
	 
	
	

	T
	-6
	
	
	
	
	

	A
	
	
	
	
	
	


d. What are the two key modifications that need to be done to convert the dynamic programming procedure which panelizes for “flanking gaps” into one that does not (2p).

2. Consider local and global alignment of the same pair of sequences, using the same scoring matrix and gap penalty.  The alignments are performed with corresponding dynamic programming formulas.  Which of the following is true: (1p)?

a) The score of the local alignment is never lower than the score of global alignment

b) The score of the local alignment always higher  that the score of global alignment

c) None of the above
5.  In the multiple alignment below: 

e. Compute entropy of columns 1 and 5 (1p) 

f. Compute mutual information of between columns 3 and 4 (2p) 

ATCTG

ATGCT

ATATG

ATTAC

ATCGT

ATGCA

ATTAA

ATCGC
6. Given below is a distance matrix. 

a. Does it satisfy the four point (quadrangle) condition?  (1p)

b. Build the UPGMA tree for the data. Fill the table corresponding to the distance matrix after every iteration (3p).

	
	A
	B
	C
	D

	A
	0
	3
	9
	9

	B
	3
	0
	5
	5

	C
	9
	5
	0
	2

	D
	9
	5
	2
	0


	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


	
	
	

	
	
	

	
	
	


	
	

	
	


8. Given is a HMM. 

a. Show two different paths that that can be used generate sequence TTTTTTT. (1p) 

b. What is the probability of the most likely path (you don’t have give the final numeric value –  you can leave it in the form of sequence of multiplications and additions). (2p)

c. Can this HMM generate sequence CCCCCCC ? If yes show a path if not explain why not. (2p)




7. In the context of HMM what is the main diffference in EM training (Baum-Welsh) and Viterby training? (1p)

8. Which of the following apporaches/programs you would use to search for a common motif of a fixed leght in a set of sequnces (1p):

a. BLAST

b. GenScan

c. Gibbs Sampling 

.

9.  Given is set of 5 taxa, each described with 3 binary characters.  

a. Are all pairs of taxa compatible? Why yes or why not. (1p)

	Taxa\Characters
	Character 1
	Character 2
	Character 3

	Taxon 1
	1
	1
	1

	Taxon 2
	0
	1
	1

	Taxon 3
	0
	0
	1

	Taxon 4
	1
	0
	1

	Taxon 5
	1
	0
	1


10. Given are results of two outcomes of data base searches using two different method. Each method retrieved 20 records out of 25 true positives and both retrieved the same number of (4) false positive. The sequences of results for both methods are given below. In each sequence T stands for true positive and F for false positive.

Using Roc4 decide which methods is better according to this score (give Roc4 values for both methods) (2p)

Method1: TTTTTTTTTTTFTTTTTFFF

Method2: FTTTFTTTFFTTTTTTTTTT

11. List all possible pairs of haplotypes for the following genotype

0 2 0 2 1 1 0 0 (2p)
12. For the node v in the network below compute: vertex degree, betweenes centrality

and clustering coefficient (2p)
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