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GCB 535 / CIS 535: Introduction to Bioinformatics

Midterm Examination

Friday, 22 October 2004

· This midterm examination consists of 6 pages (including this one), 6 questions, and 55 points.  Please check to make sure you have all the pages.

· 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

9

2

8

3

14

4

6

5

6

6

12

Total

55

Question 1: True/False (9 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.

Two sequences are called homologous if they are significantly similar.


T
F

Using two different substitution matrices to perform the same BLAST search may result in different scores and e values, but the alignments will be identical.


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

A BLOSUM80 matrix will always yield more significant matches than a BLOSUM50 matrix.


T
F

A positional weight matrix assumes that a nucleotide or amino acid at one position does not depend on the nucleotides (amino acids) at any other position.


T
F

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


T
F

Non-protein-coding regions of the genome do not contain functionally important elements.


T
F

Increasing the BLAST seed (word) size will allow BLAST to return more alignments.


T
F

The NCBI protein and nucleotide databases contain about the same number of sequences because there is a one-to-one correspondence between genes and protein products.


T
F

Question 2 (8 points)

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

a. (1 point) Is this a Needleman-Wunsch (global) or Smith-Waterman (local) alignment?

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.

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

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

e. (1 point) What is the score of  the highest-scoring local alignment?
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Question 3 (14 points)

a. (4 points) Describe what the null hypothesis and alternative hypothesis are when you are performing a BLAST alignment.  Limit your answer to 2 sentences.

b. (10 points) For the following printout from BLASTX (translated query against the protein database), explain each of the highlighted components (5 total).  Write no more than 1 sentence for each one.




gi|1778588|gb|AAB40867.1|  Gene info homeodomain protein HoxA9 [Homo sapiens]

          Length = 271

 Score = 92.0 bits (227), Expect = 2e-17
 Identities = 47/90 (52%), Positives = 54/90 (60%)

 Frame = +2
Query: 553 PSENYXXXXXXXXXXXXXXXPCTPNPGLHEWTGQVSVRKKRKPYSKFQTLELEKEFLFNA 732

           PSE                 P  PN     W    S RKKR PY+K QTLELEKEFLFN 

Sbjct: 169 PSEGAFSENNAENESGGDKPPIDPNNPAANWLHARSTRKKRCPYTKHQTLELEKEFLFNM 228

Query: 733 YVSKQKRWELARNLQLTERQVKIWFQNRRM 822

           Y+++ +R+E+AR   LTERQVKIWFQNRRM

Sbjct: 229 YLTRDRRYEVARLFNLTERQVKIWFQNRRM 258




Question 4 (6 points)

Information content and relative entropy are two different measures that can tell you how informative different elements in your positional weight matrix are.  Explain (conceptually) how relative entropy differs from information content and briefly describe a situation where using information content and relative entropy are exactly equivalent (though the actual values the equations give you won’t be equal).  There is no need to make use of any equations in your answer.  Limit your answer to 4 sentences or fewer (2 sentences should be sufficient).

Question 5 (6 points)

Aligning large genomic sequences cannot be done using a pure dynamic programming approach because it would be too slow.  Algorithms designed to handle such alignments – e.g., BLASTZ, AVID, and LAGAN – all take a general three-step “hierarchical” approach to large-scale alignment.  Describe these three steps.  Limit your answer to 4 sentences or fewer.

Question 6 (12 points)

A first-exon prediction program can use several features to predict the location of the first exon of a gene.  For each of the following features, describe:

i) Why the feature is useful for predicting the location of the first exon; AND
ii) A computational strategy one can take to extract, calculate, or identify the feature.  Assume that you are working with an unannotated sequence – that is, you can’t go to NCBI and look up where any of these features are.  If you want to use a tool we’ve covered in class, you need to briefly explain how it works.  However, you may NOT use FirstEF as part of any of your strategies.

Limit your answer to 3 sentences or fewer per feature.

a. Presence of CpG islands

b. Location of possible splice donor sites

c. Location of significant open reading frames

d. Location of known promoter motifs
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(HINT: X is not an amino acid abbreviation)





(No, we are not asking what the amino acid abbreviations stand for)








