BIO520 Bioinformatics 2005

EXAM2

You may use any books, notes, web pages, software programs, or related materials to complete this exam.  You MAY NOT consult with any person regarding the exam’s intellectual content.  Consulting with others on the exam is a violation of the Student Rights and Responsibilities code against cheating, and the minimum punishment for cheating is an E in the course.

Submit the exam by email by midnight Sun, 3.  Please e-mail your answers to Weixi Li (wli2@uky.edu) in the usual way with a subject line BIO520 Exam 2.
If questions come up, email me at jiml@uky.edu.  I’ll answer on the class mailing list if I have access to email.  Give the best answer you can if you don’t receive a response from me.  Any outstanding issues with particular questions will be resolved on Monday.

1. Examine the protein with PDB ID 1BL8.


a. How many chains are there? 4.

b. How many hetero atoms are present in the structure, and what are they? 3, K+ ions.

c. Describe the secondary structure composition of this protein.  Alpha helices. 


d. It is known that almost all helices are buried inside the membrane.  Use this information to estimate the thickness of the membrane.  (33-37 A, depending on the points chosen.  Units must be given.)

e. How was this structure determined, and at what resolution? X-RAY DIFFRACTION, 3.2 A.
2. Examine the predicted topology of an aquaporin (aquaporin.fasta) using TopPred and TMHMM.  Address the number and placement of transmembrane segments, and the overall topology of the protein.


Both programs predict 6 transmembrane segments, with the N and C ends cytosolic.  There are some differences in the placement of the segments—TopPred predicts helices 1 and 4 shifted five aa towards the C-terminus relative to TMHMM.

3.  What protein domains does the aquaporin sequence contain? Give short descriptions of the domains, ordered from the N-terminus to C-terminus.


1) Aquaporin domain.

2) Protein kinases ATP-binding region.

3) Major intrinsic protein domain.
(SingalP and TM regions aren’t domains, ignore them if present in the answer.  Points off for listing the aquaporin/MIP/MIP channel domain multiple times.).
4.  
a. List three of the criteria ab initio (pure computational) gene prediction programs use.


-ORF, 5’ and 3’ splice site score, codon bias/compositional bias, GC content, polyA site score, ribosome binding site (RBS).

b. List three of the criteria integrated gene prediction systems (like Ensembl) use in gene prediction in addition to the ab initio predictions.


-Known genes (Refseq), ESTs, homology, conserved synteny.


c. Examine the Genscan gene predictions for a human genomic sequence exam2_gene.  For each predicted gene, give the number of exons and the strand.  Indicate which gene is least likely to be a correct prediction.


Gene 1: 11 exons, plus strand.


Gene 2: 5 exons, minus strand, least likely to be correct.

Gene 3: 1 exon (partial gene)


The polyA site and Promoter are not exons.  The gene on the minus strand (12-22kb) has poor Genscan probability scores for every exon and feature.
d. How useful is an EST that matches to a single, contiguous stretch of DNA sequence in gene prediction?  ESTs of this type may be from a single exon of a gene or could be spurious.  A single EST of this type is not good evidence of an exon, but multiple ESTs of this type matching to the same region provide evidence of the presence of an exon.
5. Use the phylogenetic tree below for this question.  
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a. Do “Yeast a” and “Neurospora a” form a clade? Yes


b. Do “red alga” and “plant” form a clade? No, “green alga” is not included.

c. What part of the tree (if any) can be used as an outgroup? Archaea.

d. Would we expect to find homologs of a and b in other eukaryotes? Not from the evidence of this phylogenetic tree.  The a/b duplication is specific to fungi.

e. Give a possible explanation for Plasmodium having paralogs 1 and 2? 

 
1. gene duplication in Plasmodium lineage



2. ancient gene duplication with gene conversion



3. horizontal gene transfer followed by gene conversion
6. 
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For a., b., and c. indicate the type of RNA secondary structure.
a. Hairpin loop.

b. Bulge.

c. Multibranch loop.
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d. Is the RNA structure given above consistent with the folding energy plot?  Explain your reasoning.

No it isn’t.  For example, the energy plot indicates bp 2-4 pairs with bp 29-31, bur this isn’t seen in the structure.  The structure shows bp 3-8 pairing with bp 33-38.
7. Would you expect the bulk of proteins in Ciona intestinalis to be encoded in polycistronic operons?
No, Ciona is a eukoyote, and thus has monocistronic genes.
8. Name 1 computer program that you think would be particularly useful for each of the following questions:


a. Visualizing the 3-dimensional structure of a polypeptide given a standard file format, such as .pdb
Cn3D, Chime, Rasmol, Chime/Protein Explorer.


b. Comparing the actual structure of a query protein of known 3D structure to a database of other proteins of known structure.
VAST, etc.


c. Performing a multiple alignment of 3 or more protein sequences.
Clustal family of programs.

c.





a.





b.

















