BIR572 Spring Semester 2006

Exam Questions (and Answers, in Helvetica type) from Joel Huberman


You are using yeast genetics to study metabolism in the budding yeast, Saccharomyces cerevisiae. Some of your experiments involve mutant screens. First you mutagenize the yeast cells with UV radiation, then you look for mutant cells with metabolic defects. Surprisingly, in addition to cells with metabolic defects, you also find two mutant strains that form blue colonies. The blueness of these colonies persists after three rounds of backcrossing. The blue cells do not exhibit any metabolic defects and appear to be normal in every way except for their blue color. The two blue strains arose in two different mutant screens and thus appear to be the consequence of independent mutations. The two mutations might be in the same gene. Alternatively, the mutations could be in two different genes. To distinguish between these possibilities, you do a genetic cross between the two strains. First, you mate a cells of one blue strain with ( cells of the other blue strain. The resulting diploid strain is white.

a)
(5 points) Does this experiment suggest that the two mutations are in the same gene or different genes?

This experiment suggests, but does not prove, that these two mutations are in different genes. This experiment is, in fact, a complementation test. We can conclude from the result (that the diploid cell has wild-type phenotype) that the two genes complement each other and are therefore in different complementation groups. Thus they are probably in different genes, unless this is a case of intra-genic complementation. To distinguish these possibilities, recombination analysis is required, as in the next experiment.


Then you induce the white diploid cells to form spores, you dissect 15 asci, and you determine the phenotypes of the 15 sets of spores (four spores for each ascus). The results are summarized in the following table:
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Note that all colonies scored as blue were equally blue.

b)
(5 points) For each tetrad, indicate whether it is parental ditype (PD), nonparental ditype (NPD) or tetratype (T).

I’ve indicated in the table above, for each tetrad, whether it is PD, NPD or T. You’ll notice that all tetrads with no white spore colonies are parental ditype (each of the parental strains had a blue phenotype; therefore each spore colony in a PD tetrad would have to be blue). The tetrads with two white colonies also contain two blue colonies. This is a ditype (two blue, two white), but it’s not parental (none of the parents were white). Therefore this type of tetrad must be NPD. The blue NPD colonies would be double mutants and the white colonies would be “double wild-type” (they would not contain either of the mutations). The remaining type of tetrad (one white colony; three blue) must therefore be T (tetratype). The four types would correspond to the following genetic configurations. The white colony would contain two wild-type genes. Two of the blue colonies would contain one wild-type and one mutant blue gene, and the fourth colony would contain two mutant blue genes.

c)
(5 points) Do the tetrad data unambiguously show whether the two mutations are in the same gene or a different gene? If so, which of these possibilities do the tetrad data support?

The tetrad data unambiguously prove that the two mutations are in different genes, because the tetrad data are consistent with two genes that are on different chromosomes or are so apart on the same chromosome that effective recombination occurs between them 50% of the time. If the two mutations were in the same gene, one would recover only PD tetrads (no NPDs and no Ts).

d)
(5 points) If the mutations are in different genes, are the two genes on the same chromosome or different chromosomes?

The two mutations are either on different chromosomes or are very far apart on the same chromosome (see preceding answer).

e)
(3 points) Are the mutations close to centromeres?

Since the ratio PD:NPD:T is approximately 1:1:4, it’s clear that both genes cannot be close to centromeres. However, one of them might be close to a centromere.

f)
(2 points) If the two mutations are in different genes, are the two genes in the same epistasis group?

The answer to this question comes from our discussion in class, not from my lecture notes. Since the degree of blueness of all blue colonies in the above table was approximately the same, we can conclude that the double-blue-mutant colonies (one from each T tetrad, and two in each NPD tetrad) had a phenotype that was no more severe (no bluer) than the phenotypes of the single blue mutants. This observation implies that the two mutations are in the same epistasis group.

Note: I can see from the exam sheets that part (f) was inadvertently omitted from the exam. Therefore, in scoring, I raised the score for part (e) from 3 points to 5 points so that the total number of points for this question is 25. I’m including part (f) here for your interest.

