INS Biology Winter Take-home Exam

Due 9 AM Thursday March 4

Allowable Resources: All program texts, labs and other handouts, your class and laboratory notes. No other sources are allowed. This must be individual work.

Please sign the following statement if true:

I have completed this assessment by myself, using only those resources listed above. 

Name:

Date:

1. In a given family the 4 children each have a different blood type: A, B, AB, & O. Is it possible for all of these children to have the same two parents? Explain.

2. There are two common types of color blindness, green (deutan, 75%) and red (protan, 25%. These percentages are based on Western European data.) The following family is examined. The capital letters in parenthesis are for keeping track of individuals. The first generation mother (A) and father (B) have normal vision. They have 5 children, 3 boys and two girls. The girls(C, D) have normal vision, 2 of the boys (E, F) have deutan color blindness and 1 of the boys (G) has protan color blindness. The eldest daughter(C) marries a man with normal vision (H) and they have a son (I) who has both protan and deutan color blindness.

a. Prepare a pedigree diagram for this family.

b. Propose a genetic model that explains the observed pattern of vision in this family tree.

c. For parents C and H, if they have additional children, what are the probabilities of male/normal vision; male/colorblind; female/normal vision; and female/colorblind?

d. In similar family trees, outcomes such as I are very rare, about 1 in 57. What does this tell us about the genes for the two types of colorblindness?

3. This problem asks you to compare the time it would take to synthesize a 500 amino acid protein in 2 different cells, E. coli and a human reticulocyte. Assume the rates given below are correct. Ignore time for initiation and diffusion.

a. For each type of cell, what is the minimum time needed to produce a functional protein starting from reading the DNA? State any assumptions you feel you need.

b. What other factors would need to be considered in converting your estimate from 3a into a more realistic value?

E.coli ribosomes assemble proteins at 30 amino acids per second and its RNA polymerase constructs RNA at 45 bases per second. In human reticulocytes, ribosomes assemble protein at 1 amino acid/second and RNA polymerase constructs RNA at 45 bases per second.

4. You are examining a strain of mammals that has difficulty in digesting food. You find that one of the secreted digestive enzymes is produced in very low levels, yet the structure of the produced enzyme is identical to that in wild type animals. Propose some hypotheses for mechanisms that could produce this phenotype, and propose a test for at least one of these possible mechanisms. Clearly state what you would do and what the observations would indicate.

5. The amino terminal sequence of a new enzyme is determined as given below, using the three letter code:

Asp-pro-trp-met-tyr-cys-gln-phe-

a. What would be an example of an mRNA sequence that could produce this peptide sequence? At which positions would other nucleotides be possible?

b. What would be the DNA sequence that would encode this protein information? (Use just your first example from 5a. Clearly indicate 3’ and 5’ ends.)

c. What other sequence information must be in the mRNA and DNA to produce a protein with this sequence as its amino terminus?

6. The drug shown below is an antiviral compound. It is particularly effective against retroviruses.

a. Based on its structure, propose a mechanism for its action.

b. This compound requires an activation process once it enters the cell before it can function. What is this activation and why it necessary?

c. Bonus: why does the activation have to take place inside the cell and not before the drug is administered?
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7. The recognition site for a new restriction enzyme is given below.

a. What would the average size be for DNA fragments produced by cutting with this enzyme?

GGPyPuCC  where Py=pyrimidine and Pu=purine

b. How would the answer to 7a vary if the DNA had a high G/C content? A low G/C content?

8. You are analyzing a portion of a plant genome, for which you have some sequence data (shown below).

a. You want to use the polymerase chain reaction to isolate large amounts of the DNA between these two areas of known sequence. Design a pair of oligonucleotide primers that would accomplish this task. The primers should be 10-15 bases in length. Clearly indicate where they would bind and their orientation.

-TTCCGATGCTATAACG-(~1000 base gap)-CCCTATGCAGCAAAG-


b. Briefly describe how you would use these primers and the PCR process, and how you would check your product for the expected results.

