1. (Chapter 6 problem 4)

Answer:

Growth will be supported by a particular compound if it is later in the pathway than the enzymatic step blocked in the mutant. Restated, the more mutants a compound supports, the later in the pathway it must be. In this example, compound G supports growth of all mutants and can be considered the end product of the pathway. Alternatively, compound E does not support the growth of any mutant and can be considered the starting substrate for the pathway. The data indicate the following:

a. and b.
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vertical lines indicate the step where each mutant is blocked

c.
A heterokaryon of double mutants 1, 3 and 2, 4 would grow as the first would supply functional 2 and 4, and the second would supply functional 1 and 3.


A heterokaryon of the double mutants 1, 3 and 3, 4 would not grow as both are mutant for 3.


A heterokaryon of the double mutants 1, 2 and 2, 4 and 1, 4 would grow as the first would supply functional 4, the second would supply functional 1, and the last would supply functional 2.
2. (Chapter 6 problem 20)

Answer:

a.
The first type of prototroph is due to reversion of the original ade1 mutant to wild type. The second type of prototroph is due to a new mutation (call it supm) in an unlinked gene that suppresses the ade1– phenotype. For the results of crossing type 2 prototrophs to wild type




ade1– ;  supm     ade1+ ;  sup

and the results would be



1/4
ade1+ ;  sup 
prototroph



1/4
ade1+ ;  supm 
prototroph



1/4
ade1– ;  supm
prototroph



1/4
ade1– ;  sup 
auxotroph

b.
type 1 would be ade1+ ;  sup

type 2 would be ade1– ;  supm
c.
For the results of crossing type 2 prototrophs to the original mutant



ade1– ;  supm     ade1– ;  sup

and the results would be



1/2
ade1– ;  sup 
auxotroph



1/2
ade1– ;  supm 
prototroph

3. (Chapter 6 problem 36)

Answer:

a. 
The cross is



P
td ; su (wild type)  td+ ; su+ (wild type)



F1
1 td ; su 
wild type




1 td ; su+ 
requires tryptophan




1 td+ ; su+ 
wild type




1 td+ ; su 
wild type

b. 
1 tryptophan–dependent : 3 tryptophan–independent

Question 4
(a) You cross each mutant to a wild type haploid and analyze the resulting diploids:
      Mutant
     Diploid

    Diploid
Crossed
Growth at 25◦C
Growth at 10◦C

1


+

+

2


+

-

3


+

+

4


+

+

5


+

+

6


+

+

7


+

+

8


+

+

9


+

+

10


+

-

11


+

+

12


+

+

Wildtype

+

+

What do you conclude about each mutant?

[answer: mutants 2 and 10 contain dominant mutations, the others are recessive]

(b) Each of the diploids from (b) are sporulated and tetrads dissected. In each case, all spores grow at 25◦C. They are then tested for growth at 10◦C.   For most mutants, every tetrad contained two spores that die and two spores that live at 10◦C. What do you conclude about these mutants? (For mutant #4, you obtained a more complex pattern of tetrads; you put #4 aside for the rest of the experiment.)
[answer: most of the mutants (except #4) contain a mutation in a single gene that confers the CS phenotype]

(c) You cross all the other mutations to one another and obtain diploids at 25◦C. The chart below shows the growth of the diploids at 10◦C:
1
2
3
5
6
7
8
9
10
11
12

1
-
-
+
+
-
+
-
+
-
+
+

2

-
-
-
-
-
-
-
-
-
-

3


-
-
+
+
+
-
-
+
-

5



-
+
+
+
-
-
+
-

6




-
+
-
+
-
+
+

7





-
+
+
-
-
+

8






-
+
-
+
+

9







-
-
+
-

10








-
-
-

11









-
+

12










-

How many complementation groups were found, and which mutation(s) are in each group?

[answer: 2 and 10 are dominant so they cannot be assigned to complementation groups. The other mutants form three groups:   (1, 6, 8);   (3, 5, 9, 12); (7; 11) ]

(d) From the diploids analyzed in (d) you choose one of the diploids that grew at 10◦C, and you sporulate it to analyze tetrads.  Write out the genotypes of the 4 spores for each possible type of tetrad.  For each type of tetrad give the genotypes of the 4 spores, and the predicted phenotype for growth at 10◦C (CS or WT):

PD:


NPD:



TT:

a +  (cs)


a b (cs)



a b (cs)

a +  (cs)


a b (cs)



a + (cs)

+ b  (cs)


+ + (wt)


+ b  (cs)

+ b  (cs)


+ + (wt) 


+ + (wt)

Notes:  the diploid grew at 10◦C so the 2 mutants complement. Therefore they are putatively two different genes, which I’ve called a and b.  The diploid is therefore

  a  +
  +  b

In tetrad analysis, the spores are haploids, so the ab genotype is CS (complementation in the diploid is due to the other wild type allele of each gene; it’s not the same as suppression).
(e) In the tetrads from part (e), you obtained 24 TT, 226 PT, and 0 NPT.    What is the map relationship of these two genes?

PD > NPD so linked
No NPD so no DCO’s

d  = 
½ TT x100 = 
½ (24) 
   x100  = 4.8 cM.

Total

(24+226)

(f) You have read that in E.coli, a lot of cold-sensitive mutants turn out to have defects in ribosomes.  To see if any of your mutants affect ribosomes, you purify the ribosomes from your mutant yeast strains after incubating for 2 days at the restrictive temperature.  Under these conditions, wild type yeast gives you three sized ribosome particles: the small subunit alone, the large subunit alone, and the complete ribosome (each subunit is composed of a large number of proteins and RNA molecules). Three of your mutants give the following results at 10◦C:
Small subunit

large subunit

complete ribosome

Wild type

+


+

+

a- mutant

+


+

-

b- mutant

-


+

-

c- mutant

+


-

-

Draw a crude pathway for ribosome assembly and show which step is defective in each mutant.




B

Components 


small subunit 









A




  







Complete ribosome




C

Components 


large subunit

