Test Bank: Chapter Twelve

Mutational Dissection

Chapter 12: Mutational Dissection

Multiple-Choice Questions


1.
A mutation that occurred in a plant petal would be best termed 

A) germinal. 
* B) somatic. 
C) suppressor. D) dominant. 
E) recessive. 

2.
A new Neurospora mutant was tested for auxotrophy. The mutant grows on minimal medium (M) + arginine (A) + histidine (H), M + proline (P) + H, and M + A + H + P, but not on M, or on M + A + P. The mutant requires 

A)
arginine. 

*
B)
histidine. 

C)
proline. 

D)
histidine and proline. 

E)
arginine and proline. 

3.
A ura yeast cell is transformed to ura+ by a cloned fragment that replaces the endogenous gene. When this transformant is crossed to wild-type (standard ura+), what is the proportion of ura progeny?

*
A) 0% 

B) 25% 
C) 50% 
D) 75% 
E) 100% 

4.
A cloned yeast gene of unknown function was subjected to in vitro mutagenesis in which a serine codon was replaced by arginine at amino acid position 10 in the open reading frame. This gene was used to replace the resident wild-type gene. The resulting cell still showed a wild-type phenotype. Why did this occur?

A)
The amino acids have equivalent function at that position. 

B)
There is another copy of the wild-type gene present in the genome. 

C)
The mutant gene did not replace wild-type but inserted ectopically. 

D)
The gene has no function; it is an inactive pseudogene. 

*
E)
All of the above are correct. 

5.
A certain strain of haploid fungus is transgenic for a firefly gene that is not normally found in this fungus. The transgenic strain is crossed to a normal strain. PCR primers based on the sequence of the resident fungal gene for actin protein are used in a PCR analysis of individual ascospore progeny. What percentage of ascospores will show amplification? 

A) 0% 

B) 25% 
C) 50% 
D) 75% 
* E) 100% 

6.
The ClB test in Drosophila detects 

A)
crossover suppressor mutations. 

B)
any mutations in the gene represented by “l”. 

*
C)
any lethal mutation on the X chromosome. 

D)
Bar-eye mutations. 

E)
mutations in C, l, or B. 

7.
Site-directed mutagenesis is used to change a codon from AAA lysine to AGA arginine, but the phenotype produced is still wild type. This type of mutation is called 

A) suppression.   * B) silent. 
C) nonsense. 
D) missense. 
E) frameshift. 

8.
A prototrophic yeast strain is obtained after mutational treatment of an auxotroph. The prototroph is crossed to a wild-type strain (also prototrophic). Some progeny were auxotrophic. The change to prototrophy was caused by 

A)
back mutation. 

*
B)
suppression. 

C)
nonsense mutation. 

D)
frameshift mutation. 

E)
missense mutation. 

9.
A Neurospora adenine auxotroph became prototrophic by a suppressor mutation 25 map units away from the original mutation. If this strain is crossed to wild type, what percent of the progeny will be adenine-requiring? 

A) 0 

* B) 12.5 
C) 25 

D) 50 

E) 75 

10.
An individual cell homozygous for a mutant allele of the gene for the human enzyme phenylalanine hydroxylase contains no detectable activity for that enzyme. The mutation is best described as 

A)
dominant. 

B)
recessive. 

C)
prototrophic.     

 


D)
gain of function. 

*
E)
null. 

11.
A bacterial histidine mutant was plated on minimal medium. A single colony grew. This colony must have arisen from a 

A)
forward mutation. 

B)
auxotrophic mutation. 

C)
back mutation. 

D)
suppressor mutation. 

*
E)
back mutation OR suppressor mutation. 

12.
In Drosophila, the genes b+/b (b+ = brown, b = black body) and l+/l (l+ = long, l = short bristles) are linked in the order: centromere - l+/l - b+/b. In a fly of genotype b+ l/b l+ a mitotic crossover occurs between the b+/b and l+/l loci. This could produce 

*
A)
a single black spot on brown long background. 

B)
a single brown spot on black long background. 

C)
twin spots of black and short on a brown long background. 

D)
twin spots of brown and long on a black short background. 

E)
no spots on a brown long background. 

13.
In Aspergillus  the following loci are linked in the order shown:



centromere - pro - paba - bio - ylo.


In a diploid of genotype



pro+ paba+ bio+ ylo+/pro paba bio ylo


all wild-type alleles are dominant. 



A yellow diploid sector was found and isolated and upon testing was found to be paba and bio requiring. A mitotic crossover must have occurred 

A)
distal to ylo. 

B)
between centromere and pro. 

C)
distal to pro. 

*
D)
between pro and paba. 

E)
between bio and ylo. 

14.
A few genes affecting the hexagonal pattern of facets in Drosophila have been identified.  Why can’t all genes affecting eye development be identified through direct phenotypic screens for mutations affecting the number, shape, or cell types of the eye facets?


T    F
  a)  Some genes functionally overlap other genes in the genome, so mutations are 

      “masked”.



T    F   b)  Some of the mutations are recessive and can only be observed in  

       homozygotes.



T    F
c)  Some of the mutations are recessive lethals because of other requirements for 

      the gene during development.



T    F
d)  Only dominant mutations affect eye development in Drosophila.



T    F
e)   Some mutations enhance the phenotype of a mutation in a second gene.
Answer: a) True     b) True     c) True     d) False     e) True

15.
Which of the following genetic tricks can be used to accelerate identification of autosomal recessive mutants?


T    F

a)  Use a transposon because when it inserts into a gene, a null mutation is 

      observed.



T    F
b)  Use mutations in clones of somatic cells identified after mitotic crossing over 

      (in Drosophila, Aspergillus).



T    F
c)  Use a transgene from a firefly to light up the location of the new mutation.



T    F
d)  Use pressure on unfertilized eggs undergoing meiosis to create instant haploid 

      zebrafish.



T    F
e)  Testcross a mutagenized F1 with individuals carrying the wild-type allele of       

                        the gene of interest.
Answer: a) False     b) True     c) False     d) True     e) False

Genetics Jeopardy

To play Jeopardy, the answer is given.  You must supply the question.  

For example: A threadlike double-helical molecule.
Answer: What is DNA? 

1.
Replacement of some sequences of an endogenous chromosomal copy of a gene with corresponding sequences from an ectopic DNA segment engineered to inactivate the gene. 
Answer: What is a targeted gene knockout? 

2.
Mimicking a mutant phenotype by manipulating the environment of a cell or its surroundings. 
Answer: What is phenocopying? 

3.
Too little gene product to generate wild-type phenotype. 
Answer: What is haplo-insufficient? 

4.
Creating mutations at specific sites in a cloned and sequenced gene. 
Answer: What is site-directed mutagenesis? 

5.
Process that leads to change back toward the wild-type allele. 
Answer: What is back mutation (reversion)? 

6.
A patch of phenotypically mutant cells. 
Answer: What is a mutant sector? 

7.
New transposition events of transposons produce mutations at new sites in genome. 
Answer: What is an insertional mutagen? 

8.
Mutagenesis in which mutated and non-mutated individuals are recovered, but mutants are identified because they display phenotype associated with this mutation. 
Answer: What are genetic screens? 

9.
Cell or organism has mutant phenotype under restrictive environmental conditions. 
Answer: What is a conditional mutant? 

10.
A loss-of-function mutation that completely removes activity of gene product. 
Answer: What is a null mutation? 

11.
A gain-of-function mutation that produces a novel gene activity not characteristic of the wild-type. 
Answer: What is a neomorph? 

12.
The introduced RNA, in pieces, binds to RISC, and the complex binds to target mRNA and degrades it. 
Answer: What is dsRNAi? 

13.
A mutation in one gene that suppresses or enhances the phenotype of mutations in a second gene. 
Answer: What are modifier mutations? 

14.
First identify a particular protein or RNA, then mutate the gene that encodes it to find out its phenotype. 
Answer: What is reverse genetics? 

15.
Mutagenesis schemes that kill off all individuals not having the mutation desired. 
Answer: What are genetic selections? 
Open-Ended Questions

1. A population of 100 female mice was exposed to high doses of gamma rays. What simple protocol can be used to investigate whether the radiation induced recessive lethal mutations are on the X chromosome?

 Answer: Cross the females repeatedly to wild-type males and in the combined progeny  

 measure the sex ratio. An excess of females would indicate the occurrence of X-linked   

 recessive lethals in the gonads of the exposed females because the males would have   

 died. 


2. In a ClB test a wild-type male is irradiated with X-rays and crossed to a ClB/X+ female.    

     One daughter with bar eyes is selected and crossed to a wild-type male. The progeny are:   

     1/3 ClB females, 1/3 wild-type females, and 1/3 dwarf males.  Explain this ratio and the 

     genetic effect of X-rays. 
 Answer: The X-rays must have produced an X-linked recessive allele d in one sperm,   

 eventually causing the dwarf phenotype.  X+/Y x ClB/X+ ( ClB/Xd x X+/Y (



¼ ClB/X+
ClB female




¼ ClB/Y
lethal




¼ X+/Xd 
wild-type female




¼ Xd/Y
dwarf male
3. State what plating conditions one would use to distinguish the following bacterial mutant phenotypes from the wild-type phenotype:

(a) Histidine auxotrophy (his-) mutants

(b) Arabinose utilization (ara-) mutants

(c) Rifampicin (an antibody)-resistant (RifR) mutants

In each case, provide conditions that depend on failure of the mutant (or wild-type) to grow. Include wild-type controls and state expected results.

Answer:

(a)

Medium
(b)



         (c)
      Medium


        glucose/salts


Salts medium

               glucose/salts


Bacteria     No his  + his
Bacteria       glucose  arabinose        Bacteria    no Rif  + Rif

  his- mutant
  -        +          ara- mutant   
      +        - 
          RifR mutant       +        +


  WT (his+)
  +       +
WT (ara+)
      +        +
          WT (RifS)         +        -


  + and – colonies do not grow in the plate, respectively.   

4. Wild-type lambda phage plaques are “cloudy” owing to the growth of lysogenic cells.  Lambda phage, having a mutation in the cI (repressor) gene, are separately plated on lawns of two different strains of E. coli at two different temperatures.  Strain 1 of E. coli is wild-type, while strain 2 differs from strain 1 only in having a nonsense (amber) suppressor mutation in a tRNA gene. The kinds of plaques made under the various conditions are indicated below, where lambda cIm is the mutant, and lambda cI+ is the wild-type control.

E. coli strain 1 (WT)

E. coli strain 2 (amber suppressor)



Lambda
    25oC          41oC


    25oC          41oC

    cI+

  Cloudy       Cloudy


  Cloudy       Cloudy


   cIm                   Clear          Clear                                 Cloudy         Clear

Explain the results in detail, keeping in mind that an amino acid substitution can cause heat sensitivity of a mutant protein.

Answer: Compare the results at 25oC on strains 1 and 2: lambda cIm must have an amber (UAG) mutation in the cI gene, causing premature termination of the repressor polypeptide translation; the repressor is inactive, and the clear plaques are formed on strain 1 (at any temperature). On strain 2, a suppressor tRNA allows translation of the amber codon in the cI gene. Compare the results on strain 2 at 25oC and 41oC: the amino acid inserted by the suppressor tRNA must be different from the wild-type amino acid at that position because the suppressed repressor is temperature-sensitive. At 41oC the repressor is inactivated and clear plaques are formed. Cloudy plaques are formed at 25oC because there the repressor is active. (Please note the important difference between the genetic meaning of “suppressor” and “repressor.”)   

5.
An Aspergillus diploid is constructed from a wild-type strain and one of genotype ad his met ylo. This diploid is wild-type in phenotype, but yellow (ylo) diploid sectors appear on it.  These sectors were isolated and tested for their ability to grow on various media, with the results shown below.




Minimal
methionine
methionine
histidine
methionine




+ histidine
+ adenine
+ adenine
+ histidine
+ adenine


Type
1
+
+
+
+
+



2


+
+
+



3



+
+



4




+


A large number of each type was observed.  What are the four types and how was each produced?
Answer: 


Type
1
+
+
+
What this shows is that homozygosity for ylo



2
ad
+
+
can be accompanied by homozygosity for ad,



3
ad
his
+
for ad and his, or for ad and his and met. This



4
ad
his
met
shows the gene order is met-his-ad-ylo. 

6.
In Aspergillus, the genes y (yellow), os (osmotic), c (colonial), leu (leucine-requiring), and a (aconidial) are located on the long arm of chromosome 3.  A diploid was made between a haploid wild type and a haploid of genotype y os c leu a.  From the green diploid, yellow diploid sectors appeared.  When these were sampled and tested, the following was found:



56%
were yellow, osmotic, aconidial, and leucine-requiring



40%
were yellow, osmotic, colonial, aconidial, and leucine-requiring



4%
were yellow, aconidial, and leucine-requiring


(a) What is the origin of the three types of yellow sectors?  (Diagram it)


(b) What is the order and position of the five loci? 
Answer: 


(a) They originate by mitotic crossing over at different positions along the arm of chromosome 3.


(b) (y, a, leu)-4-os-56-c-40-centromere 

7.
The genes for ebony body and stubby bristles are linked on chromosome 2 in Drosophila.  A fly heterozygous for both genes developed an adult that was  predominantly wild-type. However, it showed two aberrations. The first aberration was a pair of adjacent patches, one with stubby bristles and the other with ebony body.  The second aberration was a solitary patch of ebony color.  What are the most likely origins of these two types of aberrations?
Answer: Since the heterozygote is wild-type, ebony body (eb) and stubby bristles (sb) are recessive mutations.  The genes must be in the order eb-sb-centromere on chromosome 2. A mitotic crossover between the centromere and sb would give the twin spot.  A mitotic crossover between sb and eb would give the single ebony spot. 
8. You wish to measure the reversion rate of a gal4 mutation in haploid yeast. The gal4 mutants are unable to grow when galactose is the only carbon source, so you can detect revertants by plating on galactose plates. You innoculate each of 50 small tubes with 


1 mL of glucose-based medium and about 10 gal4 cells, and incubate the tubes until they 

each contain about 2  107 cells. You then plate the contents of each tube on a single galactose plate, and count gal4+ colonies after incubation.


Number of colonies on each plate:



1
5
0
2
3
1
4
1
0
2



2
0
0
3
0
2
123
0
1
0



0
1
1
0
0
2
1
0
1
0



2
1
0
1
0
1
0
2
3
0



0
27
1
3
0
1
0
1
0
2


Calculate the reversion rate of the gal4 mutation.
Answer: We need to use the Poisson formula f(0) = eun


Solving:  
20/50 = 0.4 = e-u (2  107)




ln (0.4) = u  2  107




u = 4.58  108 

9.
Several mutants were treated with various mutagenic agents to see if reversion takes place. Reversion studies were done by exposing m- mutants to three mutagens: 5-bromouracil (BU), hydroxylamine (HA), and an acridine dye. HA causes only GC(AT transitions. The resulting frequencies of wild-type revertants were compared with the spontaneous frequencies in the table below:



Revertants per 108 nuclei



Mutant
Spontaneous
BU
HA
Acridine



a1
0.5
0.5
0.4
0.6



a2
1.5
16.1
1.1
1.9



a3
0.0
0.0
0.0
0.0



a4
1.2
1.8
1.9
40.0



p1
4.0
100.4
3.8
3.8



p2
3.5
4.4
4.4
94.4



p3
80.0
670.9
911.9
74.6



p4
5.0
6.0
6.6
5.2


(a) Assume reversion takes place in the same gene originally mutated. What was the nature of the mutational event (not the reversion) at the molecular level that gave rise to the mutant in the first place (i.e., the m+  m- event)? Be as specific as possible. 



a1:
p1:



a2:
p2:



a3:
p3:



a4:
p4:
(b) For each of the eight mutants, where possible, name a possible mutagen that could have caused the original mutation event.

Answer to (a) and (b):


a1: transversion (not revertible by frameshift or transition mutagens) but could be revertible by mutagen that bring about transversions.


a2: GC  AT; BU (revertible by BU but not revertible by HA)


a3: deletion (nonrevertible)


a4: frameshift; acridine


p1: GC  AT (see a2)


p2: frameshift; acridine


p3: AT  GC; BU or HA (revertible by HA)


p4: transversion (see a1) 

10.
You have a histidine-requiring yeast strain with a mutation in one of the histidine genes.  How would you go about isolating the wild-type allele of this gene?
Answer: Using a shuttle vector that is able to grow in both yeast and E. coli, you could make a library of the genomic DNA of wild-type yeast.  The library could then be applied to the his– mutant yeast, and transformants plated on minimal medium to select his+ cells.  The colonies could then be isolated, grown, and the plasmid retrieved from them.  They should have the DNA of interest; however, you must check carefully with suitable crosses to be sure that another gene has not rendered the mutant cells prototrophic. 

11.
A biologist discovers an obscure bacterium with an enzyme that catalyzes the breakdown of a toxic byproduct of computer-chip manufacturing.  It has real commercial potential, but it is made in very small quantities, and the bacterium cannot be grown very easily.  How should she begin to think of realizing the commercial potential of her discovery?
Answer: The biologist might make a DNA library of the obscure bacterium in a suitable plasmid that replicates well in E. coli.  This library, replicating in E. coli, should then be screened for colonies that express the protein.  The screening might be with an antibody to the protein.  However, the biologist might select for the activity of the protein by asking the bacteria to use the toxic material as a source of carbon, energy, or nitrogen.  This might work if the plasmid were engineered to have a strong promoter for high expression adjacent to the site in which the library was cloned.  Or, she might use the toxin itself as a selective agent if E. coli without that gene were sensitive to it.

