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BIR572 Spring Semester 2004

Answers to questions from Dr. Huberman


It’s winter in Buffalo. Everything is white or gray outside. There’s no color anywhere. In at attempt to bring some color into your life, you decide to study the adenine biosynthetic pathway in budding yeast, because you’ve heard that some adenine mutant yeast strains turn pink or red when grown in the presence of low concentrations of adenine.


So you mutagenize yeast cells and then select for cells that grow well on complete medium but fail to grow on medium lacking adenine. You find many mutant cells, and you are pleased when further testing reveals that some of the mutant strains turn a pleasant pink when grown on medium containing low amounts of adenine.


Next, you back-cross the mutant strains (several times) to wild-type. As a result of the back-crosses, you obtain both MATa and MAT versions of each mutant strain. Next, you use these strains to perform complementation tests, and you find that all of your mutant strains fall into seven complementation groups, of which three (groups A, B and C) form pink colonies and four (groups D, E, F and G) form white colonies on limiting adenine. All seven complementation groups are recessive to wild type. That is, heterozygous diploids (one mutant allele and one wild type allele) can grow and form white colonies in the absence of adenine.


Next, as an initial step in mapping the genes representing your complementation groups, you perform pairwise crosses between representatives of all seven complementation groups. The table below shows the results of one such cross, between groups A and D. The mutant genes are designated a and d, and the wild type genes are designated A and D. Thus the cross was between cells with the genotype a D and cells with the genotype A d. Both of the parental cells failed to grow in the absence of adenine, but the a D cells turned pink in low adenine while the A d cells did not. You anticipate that a d cells will not be able to grow on adenine, but you don’t yet know whether they’ll turn pink. The phenotypes of the 60 haploid spore colonies resulting from 15 tetrads (a D cells crossed with A d cells) are shown in the table below. In this table, “+” means able to grow in the absence of adenine, “-” means unable to grow in the absence of adenine, “w” means white colonies, and “p” means pink colonies when grown in low adenine. Hint: to solve this problem, you will need to determine the phenotype (-p, -w, +p or +w) expected for each of the anticipated gene combinations (a d, a D, A d, and A D), and you will have to consider the possibility that a or d might be epistatic to d or a with regard to color phenotype (in other words, you can’t predict the color of a d cells; the color of such cells must be determined in an experiment such as the one in this table).

	Tetrad number
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	
	-p
	-p
	+w
	-p
	-p
	-w
	+w
	-p
	-p
	-w
	+w
	-w
	-p
	-w
	-p

	
	-p
	-w
	+w
	-p
	-w
	-p
	-p
	-w
	+w
	-w
	-w
	-p
	-w
	-p
	-w

	
	-w
	+w
	-p
	-w
	-p
	+w
	-p
	-w
	-w
	-p
	-p
	-w
	+w
	-p
	-w

	
	-w
	-p
	-p
	+w
	-w
	-p
	-w
	-p
	-p
	-p
	-p
	-p
	-p
	-w
	-p


1.  (6 points)  Do a d cells turn pink or remain white when grown in low adenine?

Answer:  One can deduce the answer to this question from the phenotypes of the spore colonies from the TT and NPD asci in the above table (see answer to question 2 below). In each TT ascus (asci #2, 4, 6, 7, 9, 11 and 13), there are two spore colonies with the -p phenotype. One of these must represent the parental genotype, a D, so the other must represent the recombinant genotype, a d. In the NPD ascus (ascus #3), two spore colonies represent the a d genotype, while the other two represent A D (wild type). The wild type colonies will necessarily be white. The other two colonies in ascus #3 are pink. Therefore, we can conclude that a d cells turn pink.

2.  (12 points)  For each tetrad in the table above, state whether the tetrad is parental ditype (PD), nonparental ditype (NPD) or tetratype (TT).

Answer:  To figure out which asci are PD, which are NPD, and which are TT, it is helpful to write down the expected genotypes and phenotypes for each type of ascus.

	PD
	NPD
	TT

	Genotype
	Phenotype
	Genotype
	Phenotype
	Genotype
	Phenotype

	a D
	-p
	a d
	-?
	a D
	-p

	a D
	-p
	a d
	-?
	a d
	-?

	A d
	-w
	A D
	+w
	A D
	+w

	A d
	-w
	A D
	+w
	A d
	-w


In the above table, “?” indicates that (as explained in the question), one can’t tell ahead of time whether a d cells will be white or pink. However, as explained above in the answer to question 1, it’s obvious from the experimental results in the table on the previous page that a d cells are pink. By comparing the predicted phenotypes (above table) with the actual phenotypes in the table on the previous page, one can unambiguously determine the type (PD, NPD or TT) for each ascus:

	Tetrad number
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	
	PD
	TT
	NPD
	TT
	PD
	TT
	TT
	PD
	TT
	PD
	TT
	PD
	TT
	PD
	PD


3.  (6 points)  Are complementation groups A and D represented by genes that are close together on the same chromosome, or are A and D either on separate chromosomes or far apart on the same chromosome?

Answer:  Since the frequency of NPDs is very low, A and D must be close to each other on the same chromosome.

4.  (6 points)  Do the data in the above table permit you to determine whether A or D or both are close to a centromere?

Answer:  No. When two genes are sufficiently close to each other on the same chromosome to be linked in the recombinational sense, the frequency of TTs is reduced (and so is the frequency of NPDs). This reduction in TT frequency has nothing to do with the proximity (or lack of proximity) of the two genes to a centromere. Only when two genes are on different chromosomes, and therefore unlinked to each other, can one conclude that both genes are close to centromeres in those cases where the frequency of TTs is less than four times the number of PDs and NPDs.
