BIO520 Bioinformatics Fall 2005




 Name:
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.

1.  Examine the Genscan gene predictions for a human genomic sequence.  

 a. (2 pts) For each predicted gene, give the number of exons and the strand.  
Gene 1: exons: 11 
strand: +
Gene 2: exons: 5 
strand: -

Gene 3: exons: 1
strand: +

 b. (1pt)  Indicate which gene is least likely to be a correct prediction.
 Gene 2, because it has poor probability scores for every exon and feature predicted.
c. (2 pts) 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.
2. (1 pt) Which is more strongly conserved, protein primary, secondary, or tertiary structure?  (Circle one)

Tertiary structure is more strongly conserved, because it has more direct impact on the function of a protein than primary or secondary structure does.
3. (2 pts) You are studying the human Retinoic Acid Nuclear Receptor Hrar and want to compare its structure to that of the mouse ortholog to look for differences that could account for different experimental results with the human and mouse genes.  You know that structures have been determined for both proteins.  What software programs or web tools would you use to align and compare the two structures?
DeepView, MolMol, Superpose, Prosup,  

VAST and DALI are OK too (you can use one of the proteins as the query and search the PDB structure database to find the other one).

Cn3D is not enough as a complete answer; you need VAST to do the alignment first.  
4. (3pts) When comparing orthologous protein sequences from two species is the number of aa changes directly proportional to the time the two species diverged?  Briefly explain why or why not.

No, not directly proportional.  Yes, aa changes in proteins accumulate over time and divergence between proteins increases with time and under many circumstances are roughly time dependent, but they are not strictly linear for several reasons.  First, multiple mutations at the same site and back mutations reduce the apparent divergence.

Second, the rate of mutation can vary.  While it is often constant for certain periods it can change.  Generally, a protein is tested using seqeunces from a range of species to see if it is well-behaved, and if it is then it can be used as a molecular clock.
5. Refer to the phylogenetic tree below.
a. (1 pt) What best describes the relationship between the human B1 and human B2 sequences: paralog, ortholog, homolog, or none of these terms?

paralog

 b. (1pt) Circle an otholog of rabbit B1 in the tree below. 

Rat B1, mouse B1 or human B1.
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6. Examine the phylogenetic tree below.  Bootstrap scores using 1000 trials are indicated to the right of each node.

a. (1pt) Indicate the clade with the lowest reliable confidence score.
The 'lowest reliable score' is the 786 clade, say >70% means “reliable”.
b. (1pt) Indicate a low confidence clade.

For an unreliable clade, either the 496, 503, or 530.
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7. (2 pts) In genome sequencing projects one approach is to cloned the genomic DNA into vectors of several different size ranges  (5kb, 20kb, 150kb) for further subcloning and sequencing.  What is the advantage of using vectors of different sizes?

Small insert sizes can increase coverage. Large insert sizes can help with gap capture.
8. (3 pts) How does the Ensembl gene prediction and annotation system differ from ab initio gene prediction?
All Ensembl gene predictions are based on experimental evidence, which is imported via manually curated UniProt/Swiss-Prot, partially manually curated NCBI RefSeq, and automatically annotated UniProt/TrEMBL records. EST evidence and synteny information have also been integrated in Ensembl gene prediction. Ab initio gene prediction, on the other hand, is solely based on the genomic sequences and the presence of biological signals such as start/stop codon, 5’/3’ splice site. It doesn’t use any extra information.   
9. (6 pts) Examine the protein structure with PDB ID 1H6F.


a. How many hetero atoms are present in the structure, and what are they?

7/19. One Magnesium ion, six waters coordinated. (H12O6Mg)

b. How was this structure determined, and at what resolution?
X-RAY DIFFRACTION, 1.7  ANGSTROMS.


c. Based on the Ramachandran plot, is this structure high quality or poorly determined?
Since “a good quality model would be expected to have over 90% in the most favoured regions”, and this structure has 94.5% in the most favored regions, I would say the quality of the model is high.


d. Several amino acids are involved in binding the two subunits together.  Give one of the amino acids.  Answer with the chain and aa number.
Open the structure, view as space filling models and find the closest aa's.  OR better, view using the Protein Explorer, go to QuickViews, select one protein chain, and then 'Contacts' (under display) and see which aa on the other protein subunit light up.
A/B 238, 239,241
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e. Which aa’s lay in the minor groove of the DNA, and what is their secondary structure?
Phe279 (~Phe283) Chain A/B. Alpha-helix.
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f. Give the approximate size of this protein in Angstroms.
80~90 x 30~40 x 50~60
10.  (3 pts) What domains does the yeast STH1 protein contain? Give short descriptions of the domains, ordered from the N-terminus to C-terminus.
Use Interproscan: SNF2-related domain(Helicase C-terminal domain(Bromodomain, 

11. (4 pts) Examine and compare the predicted topology of C. elegans daf-2 using TopPred and TMHMM.  Address the number and placement of transmembrane segments, and the overall topology of the protein.
TopPred: 
8 transmembrane segments (5 putative, 3 certain), 16 possible structures have all four possible N/C topologies: in/in, in/out, out/in, out/out.   
TMHMM: 
2 transmembrane segments (they correspond to segment 6, 7 in TopPred prediction) , N terminal outside, C terminal outside. 
12. (4 pts) Find genes in the chimpanzee DNA sequence.  Search for human orthologs of each predicted protein, and in your answer give the length of the predicted protein and its position in the chimpanzee sequence and the name of the human ortholog.  Also compare each chimpanzee and human protein to assess how well the gene prediction program did.  Do the chimpanzee and human proteins correspond exactly, or did the gene prediction program miss or add any additional coding exons?

Gene 1:
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26290~5931, 341aa, human ortholog: UFD1L ubiquitin fusion degradation 1-like isoform A/B (blastp search)
Comparison was done by searching predicted protein against human genome at UCSC. 
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Genscan may have missed two or three exons at 5’ (right) and incorrectly predicted the 3’ exon (left). From the evaluation result of gene 2, you’ll see one of the missing 5’ exons was mistakenly placed in the next gene.  

Gene 2: 
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30477~68875, 659aa, human ortholog:  CDC45-like
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The first two or three exons predicted Genscan may actually be part of the previous gene (UPD1L). Genscan may have also missed one or two exons at the 3’ end. 

Another way to evaluate the gene predictions is to search the predicted protein against the human genomic sequences using tblastn. By comparing the positions of the blast hits and the known positions of human gene exons, you’ll know if the predicted exons are correct. However, this method is not as fast or as intuitive as the method using the UCSC genome browser. 
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