Midterm III, Functional Genomics 2006

1. In the transgenic rice paper, after selecting five Ubi1:TPSP lines for analysis, experimenters ran a northern analysis to observe TPSP transcript levels in the transgenics.  To ensure that increased stress tolerance was due to the expression of TPSP and not from the up-regulation of other stress inducible genes, Lip1 and Dip5 (stress inducible genes) transcript levels were measured in both controls and the transgenic plants.  Lip1 expression was found to be partly induced by TPSP expression, but experimenters neglected this because Lip1 expression was much more greatly induced by environmental stresses.  If you were repeating this experiment, what might you do differently to ensure that it is exclusively TPSP expresssion that is increasing stress tolerance in the transgenic plants?  What was it about the TPSP gene that made it more efficient in stress tolerance than the TPP and TSP genes alone?

2. Research investigating real-time cytoplasmic gene insertion rates in gametic and somatic cells found a great difference in the rate of insertions between these two cell lines.  What does this tell us about the timing of cytoplasmic gene insertion in the cell cycle?  How is uniparental inheritance implicated as a mechanism for the nuclear uptake of cytoplasmic genetic material? 

3. In the GMO paper (“Expression of a bifunctional fusion…”) transcript levels of TPSP did not correlate with trehalose accumulation.  TPSP-2 had lower TPSP transcript levels than TPSP-1,but their trehalose levels were similar.  The authors hypothesized that this happened because plants could only tolerate trehalose accumulation within a limited range, which restricted the trehalose levels of a higher expresser.  What is a possible post-transcriptional mechanism that could explain these results? How would you test this?

4. Describe in detail how a promotorless gene trap vector is constructed and how it “traps genes”. What are the limitations of the promotorless genetrap vector? What are the advantages of using promotorless gene trap vectors over convention gene targeting methods and random gene trapping?

5. It is known that cyanobacteria and alpha-proteobacteria were endosymbionts that gave rise to modern organelles (chloroplasts and mitochondria).  Using techniques discussed in class, how can we prove this? If an organelle transfers DNA to the nucleus, how can recent transfer events be distinguished from more ancient transfer events? The chloroplast is the focus of genetic engineering in plants.  It is thought that chloroplast genes that are engineered can be reliably contained in plants through strict maternal inheritance.  How is this thinking flawed given the subject.

6. a) We talked in detail about using viral vectors for gene therapy, and in the end gave some examples of other methods that could be used, one of which was RNAi. Based on your understanding of the disease presented (MPSIIV) and RNAi, would this approach be likely to be effective? Why or why not? b) If it were discovered that the defect in MPSIIV mice was in fact the over expression of a repressor that halts transcription of the MPSIIV gene, how would that change your answer to a)?

7. How did the group doing gene therapy “get lucky” with MPSIIV, and why could the approach they used with this disease not be IMMEDIATELY translated into the treatment of other genetic diseases such as cystic fibrosis (a disease caused by a variety of mutations resulting in faulty Cl-channels that are only significantly expressed in the respiratory tract and the gut)?

8. You are a Yale graduate student who is doing research on gene therapy.  You have heard from a recent article in Nature that the influenza virus can be used as siRNA carrier for gene therapy in vivo and want to see if the New Haven coronavirus (HCoVs), which was recently discovered in your city (yikes!) and related to the SARs virus, could be used as a carrier of siRNA for gene therapy as well.  What viral characteristics should you look for and why?  There should be at least 3 characteristics.  This is an open question where you may assume different target cell(s) for the gene therapy if you wish.

9. You are the principle investigator studying malaria.  It is the year 2010 and although vaccines against malaria have been developed, they are failing because the Plasmodium parasite easily develops resistance to the vaccines.  You are interested in developing a means by which the parasite can be prevented from developing into its blood stage form, which is the form that is responsible for malaria pathology.  Based off the methods you leaned in Dr. Young’s Functional Genomics course in college and the Meuller et al. paper (presented by LC/LS/LM on 3/3/06), propose a method to prevent the Plasmodium parasite from developing into blood stage infection.  Make sure you address all aspects of your proposal, including how your particular method can be delivered to the human host.

10. What challenges do researchers face in developing a successful vaccine against malaria? What functional genomic tools can be used to address these challenges?

11. You are a researcher in a laboratory experimenting with using virosomes to incorporate siRNA into cells. You had planned to examine the effects on gene expression by using the siRNA to silence a gene coding for Green Fluorescent Proteins (GFP). Unfortunately, your assistant forgot to order the GFP expressing cells. Based on what you have learned from this class what other methods could be used to determine cell expression using bacteria with a sequenced genome? Would you want to use a DNA microarray and a DNA chip? Explain why or why not. What if you were using many different fragments of siRNA to test the ability to knockout many genes? 

You have induced other cells to look for the effects of siRNA and find that the target gene is silenced but there are also other phenotype changes and cell death. What accounts for this and how can this new problem be remedied?

12. In the evolution-related genomic study involving the comparison of five mammalian genomes, what did the authors define as a “conserved ancestral block”, or CAB?  What do CABs tell us about the evolutionary relationships between the genomes in which they are found?

13. Contrast what you know about mammalian and bacterial genomic “shuffling.”  What can these differences tell us about the evolutionary mechanisms of each?

14. You are interested in characterizing a disease expressed in humans.  At this point in time only one gene has been associated with the disease symptoms. You also know that the disease results from an allele creating a null of the gene. You want to determine any possible gene interactions involved with the disease.  Of these three systems, which ones might be appropriate for assays aimed at discovering new proteins that interact with your protein product of interest: humans, Arabidopsis or mice?  Explain your decisions.  With the information given, what else is needed to give more information about the disease (you already know the sequence of the gene)?  Outline a simple assay.

15. A. Give a brief analysis of what these figures show, the purpose of actin and why it is effective to determine the protein ratios in the gels? If the ratios had been measured for figure 1, what might they have been and what would this mean?
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B. If the mutant htt alleles don’t appear to be the cause of increased CIP4 expression, what could you do to determine its cause?

















































































