6

GCB 535 / CIS 535: Introduction to Bioinformatics

Midterm Examination

Wednesday, 12 October 2005

· This is a closed-book exam.

· Write your answers on the exam paper, in the spaces provided.  If you need more space, use the back side of the page, clearly indicating on the front that you’ve done so.  However:


· For most of the questions, there are length limits – please do not exceed these.  We reserve the right not to read past the limit.

· You have 50 minutes to complete the exam.

Name (printed):
__________________________________________________

	Question
	Score
	Possible

	1
	
	10

	2
	
	5

	3
	
	10

	4
	
	10

	5
	
	10

	6
	
	5

	Total
	
	50


Question 1: True/False (10 points)

Circle T if you think the statement is always true; circle F if you think the statement can sometimes or always be false.  No explanation required, no partial credit given for incorrect answers. (Ask if you need clarification of a question.)

	If two sequences align well, they are similar and may have similar function. 


	T
	F

	In order to find out rearrangement and deletion between Human chromosome 2 and mouse chromosome 7, one should use global alignment. 


	T
	F

	A region of the genome that is conserved between only rats and mice is less likely to be functionally important than a region that is conserved among humans, mice, rats, chicken, and puffer fish.


	T
	F

	PAM 250 is more appropriate than PAM 1 when two highly distant sequences are compared. 
	T
	F

	A positional weight matrix assumes that a nucleotide or amino acid at one position depends on the nucleotides (amino acids) at other positions.


	T
	F

	Doing a Smith Waterman local alignment using an affine gap model where the gap opening and extension penalties are equal is equivalent to doing a Smith Waterman alignment with a linear (fixed) gap model.


	T
	F

	When comparing motifs against a genomic sequence in order to predict transcription factor binding sites, one is usually trying to achieve good sensitivity (70%-90%) at moderate (40% - 80%) specificity. 

	T
	F

	Needleman-Wunsch and BLAST both use dynamic programming algorithms. 


	T
	F

	In BLAST, the E value is the number of different alignments with scores equivalent to or better than S that are expected to occur in a database search by chance. The higher the E value, the more significant the score.
	T
	F

	The state-of-art motif finding algorithms have a specificity of over 70%. 


	T
	F


Question 2 (5 points)

Polymerase chain reaction (PCR) is a molecular biological technique for amplifying (creating multiple copies of) DNA without using a living organism, such as E. coli or yeast. The technique allows a small sample of DNA to be copied multiple times so it can be used for analysis. In theory, the amount of DNA is doubled at each cycle. This is illustrated in the following figure. You start with a single copy of double-strand DNA. You got two copies of the DNA at cycle, four copies at cycle 2, eight copies at cycle 3 and so on so forth. 

A student from Dr. Taq’s lab wrote an algorithm to predict the copy numbers of the source DNA at cycle n. But he didn’t finish it. 

 [image: image1.png]



Please fill the missing part of the algorithm and make it work 

Is the number of copies produced linear, logarithmic or exponential in the number of cycles?

Question 3 (10 points)

Based on the completed dynamic programming alignment matrix below, answer the following questions:

a. (2 point) Is this a Needleman-Wunsch (global) or Smith-Waterman (local) alignment?

Smith-Waterman (local)
b. (2 points) What was the nucleotide match score parameter?  Assume that any match (e.g., A-A, C-C, G-G, or T-T) receives the same score.

5
c. (2 points) What was the mismatch penalty?  Assume that any mismatch receives the same penalty.  This should be a negative number.

-2
d. (2 points) What was the gap penalty?  Assume we used a fixed (linear) gap penalty.  This should also be a negative number.

-3
e. (2 points) What is the score of  the highest-scoring local alignment  and is the alignment unique?

17 and it is unique
	
	
	T
	C
	T
	C
	A
	C

	
	0
	0
	0
	0
	0
	0
	0

	T
	0
	5
	2
	5
	2
	0
	0

	C
	0
	2
	10
	7
	10
	7
	5

	C
	0
	0
	7
	8
	12
	9
	12

	A
	0
	0
	4
	5
	9
	17
	14


Question 3 (10 points)

a. (2 points) Describe what the null hypothesis and alternative hypothesis are when you are performing a BLAST alignment.  Limit your answer to 2 sentences.

Null hypothesis: the 2 sequences you're aligning are related by chance; Alternative

hypothesis: the 2 sequences are not randomly related, due for example to some evolutionary

relationship
b. (8 points) For the following printout from BLASTn, explain each of the highlighted components (5 total).  Write no more than 1 sentence for each one.



>gb|M15131.1|MUSIL1BA Mouse interleukin 1-beta (IL-1-beta) mRNA, complete cds.

      MGI:96543 Il1b interleukin 1 beta (Chr 2)

        Length = 1339


  Plus Strand HSPs:

 Score = 6380 (963.3 bits), Expect = 7.6e-282, P = 7.6e-282

 Identities = 1294/1339 (96%), Positives = 1294/1339 (96%), Strand = Plus / Plus

Query:     1 TGCAGGGTTCGAGGCCTAATAGGCTCATCTGGGATCCTCTCCAGCCAAGCTTCCTTGTGC 60

             ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Sbjct:     1 TGCAGGGTTCGAGGCCTAATAGGCTCATCTGGGATCCTCTCCAGCCAAGCTTCCTTGTGC 60


Score: The score of an alignment, calculated as the sum of substitution and gap scores. Substitution scores are given by a look-up table (see PAM, BLOSUM).
Expect: Expectation value. The number of different alignents with scores equivalent to or better than S that are expected to occur in a database search by chance. The lower the E value, the more significant the score.
Identities: The extent to which two (nucleotide or amino acid) sequences are invariant.
Strand: describes which stands of the sequences were aligned to (plus or minus)

Question 4 (10 points)

For each of the following motif descriptions, design a positional weight matrix that will assign the highest possible probability to that motif. Assume all nucleotides have an equal background probability (note that there is no need to normalize or smooth the matrix with the background probabilities, since they're all the same). For each case, also report the score obtained from applying the matrix on the string CAACT. 

a. CATCA, ATATA, GGATA

	
	1
	2
	3
	4
	5

	A
	.33
	.33
	.66
	0
	1

	T
	0
	.33
	.33
	.66
	0

	G
	.33
	.33
	0
	0
	0

	C
	.33
	0
	0
	.33
	0


Score of CAACT = 0

b. CTNCA, CYACA (Y means C or T, N means any four-nucleotide)

	
	1
	2
	3
	4
	5

	A
	0
	0
	.625
	0
	1

	T
	0
	.75
	.125
	0
	0

	G
	0
	0
	.125
	1
	0

	C
	1
	.25
	.125
	1
	0


Score of CAACT = 0

Question 5 (5 points)

Aligning large genomic sequences cannot be done using a pure dynamic programming approach because it would be too slow.   What is an algorithm (approach) that can do a better job than a pure dynamic programming?

i) Compute anchors - find regions of exact or near exact match between the two sequences

(complete answers actually explained what anchors are);

ii) Chaining - join the anchors together according to some criterion, to create larger regions of

alignment, making sure that the anchors are consistent with each other (i.e.— don’t chain

together anchors that criss-cross; must preserve same anchor order in each sequence)

iii) Refinement - do a bounded DP over your chained alignment to better align the sequences, for

example (saying “refinement” wasn’t really enough)

1





2





3





4














Input: 


n the number of cycles you run the PCR


g the initial copies of the source DNA


(assume that both n and g are integers)


Output:


The number of copies of the source DNA after n cycles





Function: 





Output Amplify(n, g){


	If(n =0)


	     Return g;


	Else


	    Return 2*Amplify(_n-1_,_g_); 


}





























