BICD100 Genetics
Fall 2005
Prof. Reinagel


Problem Set 7 = Practice Midterm 2
This is version b (Problem 6 error corrected)

MT2 will cover:
-basic forward genetics (from lecture on Oct 11)

-meiosis, chromosomal segregation, and nondisjunction

-recombination frequencies in ordinary eukaryotes (eg. peas, flies, mice)
-deriving genetic maps of multiple genes from recombination frequencies
-three factor crosses and interference

-mapping in unordered tetrads (yeast), including centromere mapping

-mapping in ordered tetrads, including centromere mapping

MT2 will NOT cover bacteriophage genetics, deletion mapping, or bacterial mapping with Hfr strains. (These will be tested on the final exam).


DISCLAIMER: These questions are typical of the types of problems you would encounter on an exam. No single exam can test every topic that you are responsible for, so these questions do not exhaustively cover all the possible types of questions you could be asked. The types of problems asked on the problem sets are also typical exam problems. The number of questions depends on the length of the questions.
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1. You are studying three autosomal recessive mutations in Drosophila that are linked: mangy, nervous, and ornery. You obtain flies from a pure breeding mangy, nervous, and ornery strain and cross to wild type flies to obtain an F1. You then cross the F1 flies to flies from the pure breeding mangy, nervous, and ornery strain to obtain the following F2:

Phenotype 


Number of F2 flies

mangy, nervous, ornery
2119

mangy, nervous


3

mangy, ornery


342

nervous, ornery


20

mangy



23

nervous



351

ornery



4

wild type



2138

Derive the most accurate map you can of the order of these genes and the distances between them.
2. You cross two haploid yeast strains cdc10 leu1 trp5  X cdc+ leu+ trp+  to obtain a triply heterozygous diploid. The cdc10 gene is tightly linked the centromere of chromosome III. The leu1 and trp5 genes are both located on the same arm of chromosome VII, with leu1 closer to the centromere than trp5.  

For each of the following types of tetrads, diagram the 4-chromatid stage of meiosis producing a tetrad of the type specified. The diagram should show the location(s) of crossover(s) if any, and clearly indicate which chromatids segregate together in order to explain the genotypes of the 4 spores. For full credit you must show the minimum number of crossovers that could explain the tetrad type.   If there is more than one way to obtain the specified tetrad type using the same number of crossover events, show only one example.

a) TT for cdc10 and trp5


b) NPD for cdc10 and leu1

c) NPD for leu2 and trp5

3. The hypothetical Drosophila traits big head, curly wings, and weak knees are determined by the recessive aIleles bh, cw, and wk respectively. The three genes are autosomal and are linked to one another. The gene order and two of the distances between genes are shown in the following genetic map.

bh 



 cw 

wk
__|_____________________|________|__

 20 cM 


5 cM

A fly from a big-headed weak-kneed strain is crossed to a fly from a curly-winged strain and all of the F1 progeny look normal. Females from the F1are collected and crossed to males from a big-headed, weak-kneed, curly-winged strain.
(a) List all eight of the possible phenotypes that could result from this cross. Indicate the two phenotypes that should be the most abundant and the two phenotypes that should be the least abundant.
(b) If 1,000 progeny flies were examined from this cross, how many flies of each of the eight phenotypic classes would you expect?
4. The cross (a b c ) x (+ + +) is made in the yeast S. cerevisiae, which has unordered tetrads.  From an analysis of 200 tetrads, determine the linkage relationships between these three loci, including any centromeres that can be determined. SHOW YOUR WORK.

Tetrad class

1
2
3
4




abc
ab+
a+c
a++





abc
ab+
++c
+++




+++
++c
ab+
abc




+++
++c
+b+
+bc


number:
80
84
20
16

5. The mold Neurospora crassa has ordered tetrads. The following asci were obtained  when a wild type (leu+ ad+) strain of Neurospora was crossed to a mutant strain that requires leucine and adenine supplements to grow (leu-ad-). Only one member of each spore-pair produced by the final mitosis is shown, since the two spores in the pair have the same genotype. Total asci = 120.




Ascus Type

Spores
     I

    II

    III

   IV

   V

1-2

ad+leu+
ad+leu-
ad+leu+
ad+leu-
ad-leu+

3-4

ad+leu+
ad+leu-
ad+leu-
ad-leu+
ad+leu+

5-6

ad-leu-
ad-leu+
ad-leu+
ad-leu-
ad-leu-

7-8

ad-leu-
ad-leu+
ad-leu-
ad+leu+
ad+leu-

# asci

30

30

40

2

18

a) Label each ascus type above as a PD, NPD, TT tetrad

b) Label each ascus type above as a FDS or SDS tetrad

c) Provide the best possible map for the two genes relative to each other and to their centromere(s).

6. Suppose that “propeller” phenotype in flies (wings to stick straight out to the sides) is caused by a recessive X-linked mutation in a single gene.  A propeller female is crossed to a wild-type male fly and you analyze 1500 F1 offspring. 

a) What are the predicted genotype(s) and phenotype(s) of the male and female F1 flies? 

b) Among the F1 progeny you identify 2 matroclinous exceptions and 3 patroclinous exceptions. What are the phenotype(s) and probable genotype(s) of these rare individuals?
7. You have a wild type strain of yeast that grows well at any temperature between 10◦C and 37◦C. You mutagenize wild-type haploid (mat a) yeast and immediately plate about 200 cells onto each of 1000 plates containing complete medium and grow them at 25◦C until colonies form. After colonies grow up on these plates, you make a replica of each plate onto two more plates; you incubate the first copy at 10◦C and the second at 25◦C, and look for mutants that grow on the 25◦C copy but not on the 10◦C copy. In this way you obtain 2 independent mutants that are cold sensitive (die at 10◦C but live at 25◦C). 
(a) Was your mutant hunt a selection or a screen?

(b) You mate cold-sensitive mutant #1 to wild type haploid (mat ) yeast. The resulting diploids had a wild type phenotype (grow at 10C).  What do you conclude?   (The result for mutant #2 was the same).

(c) For mutant 1, you take the diploids from (b) and sporulate them (induce meiosis) to analyze tetrads. All four spores of each tetrad were grown at 25◦C and then tested for growth at 10◦C.  In every tetrad, there were 2 wt and 2 cold-sensitive spores. What do you conclude?   (The result for mutant #2 was the same).

 (d) From the spores obtained in (c), you cross a cold-sensitive mat a spore from mutant #1 to a cold-sensitive mat  spore from mutant #2 and grow at 25C to obtain a diploid. You test for growth at 10◦C and find that the diploid has a wild-type phenotype. What do you conclude?
(e) You sporulate the diploid from (d) to analyze tetrads again. For each type of tetrad below (PD, NPD, and TT), state the genotypes of the 4 spores (disregarding mating type gene), and predict the phenotype for growth at 10◦C (CS or WT):
PD


NPD



TT

 Extra practice problems
1. You are trying to determine the locations of three new Drosophila mutations that are on the same autosomal chromosome:

lzy
flies sleep in till noon

bicd
flies die at the mere mention of yeast tetrads

jav
flies require coffee for survival

bicd  lzy  jav  males   x  wt females

Gives F1 flies that are up at dawn, eat tetrads for breakfast, and don’t need coffee (wild type phenotype).

F1 females are then back crossed to bicd  lzy  jav  males and 5000 F2 are evaluated

lzy
bicd
jav
1529

lzy
bicd
+
639

lzy
+
jav
307

lzy
+
+
19

+
bicd
jav
20

+
bicd
+
303

+
+
jav
642

+
+
+
1541




_____




5000 total

a) Draw the genetic map for these three genes, indicating linkage distance in centimorgans in each interval.

b) Is there interference in this region? Show how the data support your conclusion.

2. The following spore arrangements were obtained in the indicated frequencies from ordered tetrads in a cross between a Neurospora strain com val (c v), which has compact growth and is unable to synthesize the amino acid valine, and a wild type strain (+ +). Only one member of each spore pair is shown. What can you conclude about the linkage and location of the genes with respect to each other and to centromeres?
Spore pair 

1-2

c v
c +
c v
+ v
c v

3-4

c v
c +
c +
c +
+ v


5-6

+ +
+ v
+ v
c v
c +

7-8

+ +
+ v
+ +
+ +
+ +



34
36
20
1
9

3. You are studying two yeast mutations that have the interesting property that neither mutation by itself affects yeast growth but the two mutations are lethal when they are combined in the same cell. You cross a MATa strain carrying one of the mutations with a MAT_strain carrying the other mutation. The resulting diploid is sporulated and tetrads are dissected. Out of 50 tetrads you find: 24 tetrads with four viable spores, 22 tetrads with three viable spores, and 4 tetrads with two viable spores. Are the two mutations on the same chromosome? If so, how far apart are they in cM?
