BIR 572 Exam Questions from Joel Huberman, April 19, 2001

1.  You are studying yeast genetics in a cancer research institute. Anxious administrators keep asking you about the relevance of your research to cancer. Because you are fully aware that the cells of all eukaryotic organisms share basic metabolic and regulatory mechanisms, you’re not concerned about this issue. You know that yeast genetics has already contributed and will continue to contribute much to our understanding of the processes that lead to and maintain cancer. But to satisfy those anxious administrators, you search for mutant yeast cells with a phenotype that will resemble human cancer. At last you find a mutant yeast strain with a “cancer” phenotype:
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The cells that you’ve found have some type of membrane/cell wall defect that leads to what appears to be a tumor on the surface of the yeast cell. You show pictures of these yeast cells to your institute’s administrators, and they’re pleased (which shows how well they understand cancer and cell biology...). Then, curious about the phenomenon you’ve discovered, you begin a genetic analysis.


First, you isolate five additional mutant strains that show the same phenotype. By backcrossing and random spore analysis, you convince yourself that each of the six mutant strains contains just a single mutant gene which is responsible for the mutant phenotype. You call these mutant strains c1 through c6 (c stands for cancer). Then, to find out how many different mutant genes are represented in your collection of six mutant strains, you do pair-wise complementation tests between all the strains (and also with wild type). The results are shown in the following table, where “+” indicates the wild type phenotype and “c” indicates the “cancer” phenotype:
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(a)
(3 points)
Which of the strains bear recessive mutations and which dominant?

(b)
(9 points)
Assuming each dominant mutation is its own complementation group, how many complementation groups are defined by the six mutant strains, and which mutant strains are in each of the complementation groups?

2.
You give names to the genes defined by the complementation groups you identified above. You call the genes ONC1, ONC2...ONCN, where ONC stands (in humorous fashion) for “oncogene.” Next, you attempt to map these genes. Here are some tetrad analysis results that you obtained from two crosses:
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The first row shows the number of tetrads of different types resulting from a cross between an onc1 mutant strain and a ura3 mutant strain. The second row shows the number of tetrads of different types resulting from a cross between an onc1 mutant strain and a trp1 mutant strain. Note that the TRP1 gene is on S. cerevisiae chromosome IV, while the URA3 gene is on chromosome V.

(a)
(6 points)
Is ONC1 linked to URA3 or to TRP1? Please explain your answer in one or two sentences.

(b)
(6 points)
Is ONC1 near a centromere? Please explain your answer in one or two sentences.

3.
(12 points)
Unfortunately, the “cancer” phenotype doesn’t make yeast cells sick. Although their appearance is unusual, the mutant strains grow as rapidly as wild type cells under a wide variety of conditions. This means that, unfortunately, you can’t clone the ONC genes by selection. Please describe an alternative strategy that would allow you to clone the ONC genes. The whole range of classic and modern yeast genetic techniques is available to you. You will receive credit for any feasible strategy.

