Genomics Final
Friday, May 13, 2011

NAME: ________________ STUDENT ID: ______________

Take-home exam: Due Tuesday, May 17, 2011. 

Return this WORD document with answers by email to David Pollock (David.Pollock@ucdenver.edu) by 5:00 pm on May 17, 2011. Please use “Genomics Final” as the subject. All answers to questions should be typed and submitted as a WORD document derived from this document. Include your name in the name of the document, e.g., DPollock_GenomicsFinal.doc
Answers to each question should be concise yet informative. Expectations for answer length are provided, and indicated by the number of lines available. All questions except question 1 should be no more than 1-3 sentences. For each question you answer, you should go over your notes and any reading related to the relevant lecture(s) thoroughly so that you fully understand the material and this understanding is reflected in your answer. Note, the purpose of this final is to get you to go back over your lecture notes and review key points that you should take away from the class. We’re also hoping to encourage you to think about and digest the information a bit, and demonstrate that you have done so.

Please answer the following questions: 

1. Please discuss an example concerning the social impact of genomics that interests you. This can have something to do with any of the genomics topics covered in class. Give concrete examples of how the impact could have positive and negative benefits to all individuals or subsets of individuals. Give a personal perspective, if possible. How would you explain this impact to a member of the general public (assume high-school education in biology) along with possible pros and cons of a legislative response? (Answer length: ~1/2 page).

2. Your colleague, Alonso Allons-y, has used a systems biology approach to predict a gene he believes is involved in the onset of Sidrat’s disease. To test this hypothesis, you sequence the genomic locus containing this gene and its regulatory regions (~50kb) in 1000 cases and controls. You find 50 SNPs in this region, and one (and only one) is significantly associated with Sidrat’s disease; the other SNPs are in apparent linkage equilibrium with the significant SNP. This SNP is in the coding region and encodes a non-synonymous amino acid substitution.

a) Would you have found this allele in a whole-genome association study using tag SNPs (e.g., the Illumina 350k chip)? Please explain your answer. (Answer length: ~3 lines).

b) A haplotype analysis reveals that this SNP occurs on several different haplotype backgrounds. What can you infer about the origin of this particular SNP, and what can you say about this locus? (Answer length: ~3-5 lines).

3. You’ve conducted an RNA seq experiment with two samples, Cancer and Normal. Overall, you had sixty eight million reads for the Cancer library but only thirty four million for Normal. 
a) What can you conclude about gene expression in Cancer vs. Normal tissue from this difference in read numbers? (Answer length: ~3 lines).
b) You are most focused on a family of transcripts called YFG1-5, which you think are the most important cancer candidate genes in all of existence. Given the number of reads you obtained for each sample (above) and the following numbers of reads aligning to each (next page), which of the YFGs might be the most down regulated in cancer? By what magnitude (rounded)? (Answer length: ~3 lines).

c) What are the differences between K-Means and Hierarchical Clustering? Under what circumstances will K means clustering algorithms fail to produce clusters? (Answer length: ~3 lines).
	
	Normal
	Cancer

	YFG1
	157
	450

	YFG2
	36
	72

	YFG3
	1
	3

	YFG4
	1092
	1097

	YFG5
	257
	541


4. You get a call from Pierre Von Nostrumhauser, a distinguished but crazy French population geneticist who is studying an isolated group of ~1000 militant hillbillies (the population seems to have been this size for all of time). P.V. has discovered that these anti-social yokels are genetically identical except for a single biallelic locus (DLIVRANC) that, in homozygote form (bb), is responsible for an exceptional ability to play the banjo (heterozygotes and homozygote wild types are tone deaf and cannot play). P.V., a devout banjo enthusiast, is worried that this unique musical ability may soon disappear, so he asks you to investigate. 

a) The minor b allele at the DLIVRANC locus has frequency q=0.1, and exactly 8% of the population can play the banjo exquisitely. Is this locus in Hardy-Weinberg equilibrium (show your calculations)? (Answer length: ~3 lines).

b) It is expected that due to glacier melting caused by global warming, the valley that these down-home folks live in will become accessible to a neighboring valley (which coincidentally is also exactly size N=1000). Although the neighbors lack the DLIVRANC locus, Pierre is concerned that the populations will mix freely due to their shared preference for drinking tea. Assuming this happens, and that the combined population total stays the same, how many banjo players will there eventually be in the combined population, and how many generations will it take to reach that number? (Assume that generations are non-overlapping). (Answer length: ~3 lines).

c) Strangely, the DLIVRANC locus is not under selective pressure. What is an alternative explanation for the frequency of banjo players in the original population? (Answer length: ~3 lines).

5. Thiopurine methyltransferase (TPMT) is an enzyme that methylates the anti-cancer 'thiopurine drugs' (azathioprine and 6-mercaptopurine) which are used to treat childhood leukemia. Methylation of thiopurines is necessary to prevent the toxic side effects (bone marrow suppression). Approximately 1 of every 300 persons produce TPMT protein that has no measurable enzymatic activity; these individuals can die if given standard doses of TPMT. These rare individuals can be identified by DNA sequencing
a) Which of the following genetic mechanisms is most likely responsible for the defective TPMT activity in these rare individuals? 

A) A frameshift mutation in exon 1

B) A nonsynonymous mutation in exon 7

C) Deletion of the TPMT locus

D) Epigenetic changes in the promoter

E) Gene duplication onto a different chromosome

F) Histone modification at the TPMT 6p22.3 locus

b) Provide a rationale for your answer. (Answer length: ~4 lines).
c) Explain why this lethal genetic 'variant' present in 1 of every 300 persons has not been selectively removed from the human population by evolutionary pressures. (Answer length: ~4 lines).
6) When determining expression levels for a target gene activated by one or more transcription factors, many approaches assume additive effects of the two activating factors.  Give a short critique of this type of approach. (Answer length: ~4 lines).

If you digest a protein and perform MS on the resulting peptides should the ion intensity be equal for all the peptides? What if you run that digest by MS twice the same day, would you expect the peptide spectra to look the same? (Answer length: ~2-3 lines).
