Test Bank: Chapter Seven

Recombination in Bacteria and their Viruses

Chapter 7: Recombination in Bacteria and their Viruses

Multiple-Choice Questions


1.
Which of the following is not a mode of gene transfer in bacteria? 

A)
Transformation 

B)
Specialized transduction 

C)
Sexduction 

*
D)
Lysogeny 

E)
Conjugation 

2.
A gal- mutant 

A)
cannot grow without galactose. 

B)
is resistant to galactose. 

C)
can utilize galactose as a carbon source. 

*
D)
cannot utilize galactose as a carbon source. 

E)
can make its own galactose. 

3.
A StrR mutant 

A)
requires streptomycin. 

*
B)
can grow in the presence of streptomycin. 

C)
cannot grow in the presence of streptomycin. 

D)
makes its own streptomycin. 

E)
cannot make its own streptomycin. 

4.
If a met-thr- Hfr strain is mated with an F- of genotype leu- thi-, prototrophic recombinants can be detected by plating the mixture on 

A)
leucine and methionine. 

B)
threonine and thiamine. 

C)
leucine and thiamine. 

D)
methionine, threonine, leucine, and thiamine. 

*
E)
minimal medium. 

5.
From an F+ strain with markers c d e b (in that circular order), which of the following derived Hfrs is impossible? 

*
A)
c enters first and e last

B)
c enters first and d last 

C)
d enters first and c last 

D)
d enters first and e last 

E)
e enters first and b last 

6.
To demonstrate transformation of bacteria one could 

A)
extract DNA from an auxotroph and add it to prototrophic cells. 

B)
extract DNA from arg- cells and add it to arg+ cells. 

C)
extract DNA from StrS cells and add it to StrR cells. 

*
D)
extract DNA from arg+ cells and add it to arg- cells. 

E)
mix the DNA from arg+ and arg- cells to allow recombination. 

7.
To demonstrate linkage of two markers A and B by transformation, one needs to demonstrate that 

A)
transformation by A = transformation by B. 

B)
transformation by A and B is less than the product of their individual transformation frequencies. 

*
C)
transformation by A and B is greater than the product of their individual transformation frequencies. 

D)
transformation by A and B is less than the sum of their individual transformation frequencies. 

E)
transformation by A and B is greater than the sum of their individual transformation frequencies. 

8.
A virulent phage is always 

*
A)
lytic. 

B)
temperate. 

C)
capable of lysogeny. 

D)
capable of producing a prophage. 

E)
capable of zygotic induction. 

9.
A bacterial chromosome has four markers, A, B, C, and D, evenly spaced throughout the circle. A generalized transducing phage will. 

A)
pick up all the markers in one particle. 

B)
transduce only one specific marker such as A. 

*
C)
transduce any of the markers by different transduction events. 

D)
never transduce more than one marker. 

E)
always transduce at least two of the four markers. 

10.
From one F+ strain the following three Hfr strains were derived, each shown with the first three markers transferred during an Hfr  F- cross:


Hfr 1 . . . D A F 


Hfr 2 . . . E B F 


Hfr 3 . . . E C D 


The order of the genes on the bacterial chromosomal circle must be which of the following? (A is shown at both ends to represent circularity. Assume that the Hfr picks up all intermediates between any two represented genes.) 

*
A)
A D C E B F A 

B)
A B C D F E A 

C)
A C D F E B A 

D)
A E F B C D A 

E)
A F B D E C A 

11.
An Hfr strain of E. coli with the genotype gly+ aziR  StrS is mated with an F- strain of E. coli of genotype gly- aziSStrR. Gly refers to the amino acid glycine, azi refers to sodium azide, and Str refers to the antibiotic streptomycin, where S is sensitive and R is resistant. Conjugation occurs and the progeny are screened on a selective medium to detect recombinants. If you wanted to select for the F- recombinant genotype gly+aziR  StrR, you should use a minimal medium containing

A)
streptomycin. 

B)
sodium azide. 

C)
glycine. 

D)
glycine and streptomycin. 

*
E)
streptomycin and sodium azide. 

F)
Glycine, sodium azide, and streptomycin. 

12.
Two bacterial strains were obtained with the following genotypes:




Hfr: ala- leu+aziSStrS



F-: ala+ leu-aziRStrR


After an uninterrupted conjugation, you want to select F- recombinants that are ala+ leu+. Which of the following media would you use for this selection? 

A)
Complete medium containing streptomycin 

*
B)
Minimal medium containing streptomycin 

C)
Minimal medium containing leucine and streptomycin 

D)
Minimal medium containing sodium azide and leucine 

E)
Minimal medium containing alanine, leucine, and streptomycin 

13.
A cross is made in E. coli between an Hfr strain that is leu+ his+ gly+ and an F- strain that is leu- his- gly-. Interrupted-mating studies show that his+ enters the recipient last. In an interrupted mating between the same two strains, his+ recombinants are selected and tested by replica plating for the presence of the leu+ and gly+ alleles. The following numbers of individuals are found for each genotype:


(1) gly+ leu+ his+
=
259


(2) gly- leu+his+
=
1


(3) gly+ leu-his+
=
11


(4) gly- leu-his+
=
29




300


What are the gene order and map distances between these three markers? 

A)
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B)
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*
C)
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D)
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E)
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Open-Ended Questions


1.
A cross is made between the streptomycin-resistant (StrR) F- strain marked with the characters Gal-T-AzR Lac-T1RMal-Xyl-L- and the prototrophic Hfr strain having the opposite characters. After 60 minutes of contact, samples are transferred to plates with minimal medium plus streptomycin. All markers can be transferred within this time.


Key to characters: T and L are amino acids; Gal, Lac, Mal, Xyl are sugars; Az = azide; T1 is phage; Str = streptomycin.


The original mixture is in the ratio of 2  107 Hfr to 4  108 F-. The frequencies (percentages) of the Hfr characters recovered in the T+L+  SR recombinants are as follows: 72% TlS, 0% Mal+, 27% Gal+, 91% AzS, 0% Xyl, 48% Lac+.


(a) What is the counterselective agent that prevents the Hfr individuals from obscuring the detection of recombinants?


(b) In what order are these genes probably being transmitted by the Hfr? (T+L+ must come in first, and they must be closely linked.) 


(c) What is the meaning of 0% Mal+ and 0% Xyl+? Where do you think these markers are located on the chromosome relative to StrR? 
Answer: 


(a) Streptomycin; Hfr is streptomycin sensitive.


(b) 
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(c) Mal+ and Xyl+ follow the StrS marker in the Hfr chromosome and therefore they are excluded from the recombinants that contain StrR, derived from the F- parent.


Note: The order of (T and L) and (Mal and Xyl) cannot be determined from these data. 

2.
An E. coli F- strain has the following genotype: S- U- R- I- E- C-. Three different Hfr strains, all carrying S+ U+ R+ I+ E+ and C+ markers and all having lambda phages integrated at the same specific site in their chromosomes are mated with the F strain in separate matings. The interrupted-mating results are given below. The numbers indicate time (in minutes) when different donor markers appeared in F- cells after conjugation began. Assume that the E. coli map consists of 100 minutes and gene C is mapped at 80 minutes.



Markers
Hfr 1
Hfr 2
Hfr 3



R
10
20




I
40

5



U
25
5




E

60




C

45




S
55

20


The positions of Hfr 2, the gene C, and the polarity of Hfr 2 are given in the accompanying map.
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(a) Give the gene order, starting from C and going clockwise.


(b) What is the location of the origin of Hfr 1? Hfr 3?


(c) What is the location of the I marker? The S marker?
(a) What is the location of the lambda phage in these strains? 

Answer: 


(a) CRUISE (if counterclockwise, CESIUR)


(b) 95 minutes (Hfr 1); 30 minutes (Hfr 3) 


(c) 35 minutes (I); 50 minutes (S)


(d) Between S and E (50 to 65 minutes) 
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1. At time zero an Hfr strain (strain 1) was mixed with an F- strain, and at various times after mixing, samples were removed and agitated to separate conjugating cells. The cross may be written as:




Hfr 1:
a+  b+ c+ d+ e+ f+ g+ h+ StrS



F:
a-  b-  c-  d-  e-  f-  g-  h-  StrR



No order is implied in the above listing.



The samples were then plated onto selective media to measure the frequency of h+ StrR recombinants that had received certain genes from the Hfr cell. The following graph shows the percentage of recombinants against time in minutes.
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(a) Circle T for true or F for false.


T   F  (1) All F- cells that received a+ from Hfr in the chromosome



transfer process must also have received b+.


T   F  (2) The order of gene transfer from Hfr to F- was a+ (first),



then g+, then b+, then e+, then h+.


T   F  (3) Most e+ StrR recombinants are likely to be Hfr cells.


T   F  (4) None of the b+ StrR recombinants plated at 15 minutes are



also a+.


(b) Draw a linear map of the Hfr chromosome indicating: 



(1) the point of insertion (origin),



(2) the order of the genes a+, b+, e+, g+, and h+; and,



(3) the shortest distance between consecutive genes on the chromosome in 




minutes.


An additional four Hfr strains (strains 25) were obtained. Each carried the wild-type alleles of the genes listed below. They were mated individually to the same F-strain shown above (carrying the recessive alleles of all genes). With interrupted mating, the times of first appearance in minutes of individual Hfr markers in exconjugants were determined, as shown in the following chart:




Time of First Appearance in Minutes




Hfr marker
Hfr 1
Hfr 2
Hfr 3
Hfr 4
Hfr 5



a+

2

20



b+


11



c+

12
28
10



d+

42


5



e+



35
50



f+


88

35



g+



h+


(c) Draw the genetic map showing:



(1) the positions of genes ah,



(2) the origins of the Hfrs (including strain 1),



(3) the orientation of the origins, and



(4) the shortest distance between consecutive genes or origins.


(d) Fill in the blanks in the chart above, assuming a 100-minute map. 
Answer: 


(a) (1) T; (2) F; (3) F; (4) T


(b) 


[image: image9.png]


 


(c)
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Note: Numbers on the outside of the circle are distances between genes. Numbers on the inside are distances between origins and adjacent genes. The above map is not to scale.


(d)
Time of First Appearance in Minutes



Hfr marker
Hfr 1
Hfr 2
Hfr 3
Hfr 4
Hfr 5



a+
(16)
2
(18)
20
(65)



b+
(9)
(95)
11
(27)
(58)



c+
(26)
12
28
10
(75)



d+
(56)
42
(58)
(80)
5



e+
(1)
(87)
(3)
35
50



f +
(86)
(72)
88
(50)
35



g+
(12)
(98)
(14)
(24)
(61)



h+
(0)
(86)
(2)
(36)
(49)

4.
In bacterial matings, prophage can be transferred from Hfr to F-. If the F- is nonlysogenic, the prophage is automatically induced when it enters the F- cell and the cell is lysed. This is because there is no phage repressor in the F- cell, which normally prevents lambda from entering the lytic cycle.



Several new Hfr strains of E. coli were independently isolated. All were wild type, but Hfr 1 was lysogenic for phage lambda. All Hfrs were then mated to a nonlysogenic F- strain carrying mutations in the following genes: ara, gal, lys, pro, pyr, rha. The times of first appearance of individual Hfr genes (wild-type alleles) among the recombinants were as follows (in minutes):



Time of First Appearance in Minutes



Hfr marker
Hfr 1
Hfr 2
Hfr 3



ara
8
60
73



gal
24
44
89



his
No recombinants
21
12



lys
No recombinants
4
29



pro
20
48
85



pyr
No recombinants
40
93



rha
No recombinants
84
49



Draw a complete map of the E. coli chromosome, showing the distance (in terms of time) between each of the markers and the approximate location of the lambda prophage. Assume a 100-minute map. 
Answer: 
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5.
The genetics of bacteria involves a number of phenomena (15) each with particular characteristics. Match the following lists by putting the appropriate number (or numbers) from the upper list to the left of the items in the lower list. For each characteristic, all appropriate numbers must be included for full credit.


Phenomenon


1. Conjugation


2. Sexduction


3. Generalized transduction


4. Specialized transduction


5. Transformation



Characteristic


____
(a) Bacterial cell contact is required.


____
(b) The largest number of bacterial genes can be transferred by




this method.


____
(c) A plasmid is involved.


____
(d) A phage is involved.


____
(e) Neither a plasmid nor a phage is involved.


____
(f) A temperate phage is involved, and the same one or two




genes are transferred each time.


____
(g) This occurs in Hfr  F- matings.


____
(h) This occurs in F'  F- matings.


____
(i) Only bacterial genes are packaged inside a viral protein




coat. 
Answer: 


1,2
(a) Bacterial cell contact is required.


1
(b) The largest number of bacterial genes can be transferred by




this method.


1,2
(c) A plasmid is involved.


3,4
(d) A phage is involved.


5
(e) Neither a plasmid nor a phage is involved.


4
(f) A temperate phage is involved, and the same one or two genes




are transferred each time.


1
(g) This occurs in Hfr  F- matings.


2
(h) This occurs in F'  F- matings.


3
(i) Only bacterial genes are packaged inside a viral protein




coat. 

6.
A certain strain of human tissue culture was found to be lysogenic for a new DNA virus. This new human virus had a structure remarkably similar to that of bacteriophage lambda. Moreover, the lysogenic culture occasionally gave rise to transducing viral particles, which contained the human gene P, which specifies the enzyme phenylalanine hydroxylase. This enzyme is missing in individuals having the disease phenylketonuria. Here then was an opportunity to correct the hereditary defect by replacing the defective gene in phenylketonuric patients with the normal gene by utilizing this new transducing virus.



Closely linked to gene P on the human chromosome are a number of flanking genes (L, M, O, Q).



Diagrammed below are the viral and human chromosomes involved. The regions of pairing between chromosomes are the genes a1 and b1 (viral) and a and b (human), with a1 pairing with a, and b1 pairing with b.
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(a) Diagram the process of insertion. Show the order of genes in the human chromosome after insertion is complete.
(b) Show how a transducing virus containing the normal human gene for phenylketonuria, but lacking gene Q, would be produced. (Note: The transducing virus carries only as many markers as were present in the original cross.)


(c) Phenylketonuric patients made normal by this transducing virus would also receive one of the flanking genes. Which of these genes would you expect these individuals to receive? 
Answer: 


(a)
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(b) 
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(c) Gene O 

7.
Two labs calculated cotransduction frequencies for the genes A and B. Lab 1 calculated 0.63, and lab 2 calculated 0.47. Which lab reported the genes to be closer together? 
Answer: Lab 1a higher cotransduction frequency indicates a smaller distance between the markers because fewer crossovers occurred to break up the two genes. 
8. In a generalized transduction experiment donor E. coli cells have the genotype a+ c+ b-, and recipient cells have the genotype a- c- b+. Pl-mediated transductants for a+ were selected, and their total genotypes were determined, with the following results:




Genotype
Number of progeny



a+
c+
b-
95



a+
c-
b-
205



a+
c+
b+
5



a+
c-
b+
195




500


(a) What is the order of the three genes?


(b) What is the cotransduction frequency for:



a and c?



a and b?



b and c?
Answer: 


(a) The donor is a+ c+ b-, the recipient is a- c- b+, and the rare class is a+b+c+. Since the b allele is not transferred but the other two are, b must be the middle gene. The order is a b c.


(b) Cotransduction frequency for a and c = (95+ 5)/500 = 0.2 or 20% and for a and b = (5 + 195)/500 = 0.4 or 40%. The frequency for b and c cannot be calculated because they are not selected markers. 

9.
Two wild-type strains of Hfr were mated with F- strains of genotype a- b-c-d- and yielded the following data on time in minutes of first appearance of each donor marker (a+, b+, c+, d+):



Hfr marker




a+
b+
c+
d+



––––––––––––––––––



Hfr 1
95
50
80
?



Hfr 2
60
?
45
90


(a) Map the positions of each marker and the positions of the two origins. Place the origin of Hfr 1 at 0 minutes with a counterclockwise orientation.


(b) A third Hfr strain was found in which the origin mapped to the same position as the origin of strain 2 but had opposite polarity. What would the positions of the markers be from this third origin? 
Answer: 


(a) 
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(b)
Hfr marker




a+
b+
c+
d+



–––––––––––––––––––



Hfr 1
95
50
80
(25)



Hfr 2
60
(15)
45
90



Hfr 3
40
85
55
10

10.
An interrupted-mating experiment is performed with E. coli. Six different x+y+ Hfr strains are mixed one at a time with an x- y- F- strain. The progeny are screened on appropriate selective media to detect recombinants. The number of minutes after mixing the parents that the Hfr marker first appeared in the recombinants from each cross are given below. Assume a 100-minute map.




Hfr markers



Cross
x+
y+



–––––––––––––––––––––



Hfr A  F-
5
25



Hfr B  F-
90
10



Hfr C  F-
45
65



Hfr D  F-
35
15



Hfr E  F-
15
35



Hfr F  F-
70
50
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(a) Which Hfrs have similar polarity? (Use the map above to orient your Hfr strains. The origin for Hfr A is already labeled, and has a clockwise polarity on this map.)


(b) What is the order on the map of each Hfr origin, moving in a clockwise direction and starting with Hfr A?


(c) What is the position of each gene (x and y) on the genetic map, starting at 0 minutes and moving in a clockwise direction?


(d) Moving in a clockwise direction, what are the map distances in minutes between the following pairs of Hfr origins?


AB; BC; CD; DE; EF; FA 
Answer: 


(a)
Clockwise: A, B, C, E



Counterclockwise: D, F


(b) A E F C D B


(c) x  95
y  75


(d)
AB
85



BC
55



CD
20



DE
50



EF
15



FA
75


11.
A cross is made between an Hfr strain that is a+ b+ d+ in genotype and an F- strain that is a- b- d- in genotype. Interrupted-mating studies show that b+ enters the recipient strain last. The b+ recombinants are then tested for the presence of the a+ and d+ alleles. The following data were obtained:



a+
b+
d+
326



a-
b+
d+
2



a+
b+
d-
14



a-
b+
d-
58




400


(a) What is the gene order?


(b) What are the frequencies of recombination between each pair of genes?


(c) Draw a map, showing map distances (in m.u.) between genes. 
Answer: 


(a) b - a - d


(b) b and a: 60/400 = 15%


      a and d: 16/400 = 4%


      b and d: 19% (sum of two smaller distances)


(c)
[image: image19.png]15mu._ 4mu





12.
An E. coli strain 1 carries two auxotrophic mutations, a- and b-, and the wild-type allele for gene c (c+). This strain is infected with phage P1. The progeny phage are used to transduce strain 2 cells, which are wild type for a and b but carry the auxotrophic mutation c-. The infected strain 2 cells are plated on minimal medium such that only those cells that are wild-type for all three genes can survive. In a reciprocal experiment, strain 1 is transduced with phage isolated from a strain 2 infection. The following results are obtained:
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(a) Show the crossovers needed to produce wild-type bacteria for all three possible gene orders after transduction. Be sure to label the donor and recipient DNA.


(1) Of Strain 2 by Strain 1 (1  2):
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(2) Of Strain 1 by Strain 2 (2  1):
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(b) What is the gene order of the three genes, and how did you reach your conclusion? 
Answer: 


(a) (1) If order were a-b-c (or b-a-c):
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Reverse b and a if order is b-a-c.


(2) If order is a-c-b:
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Reverse b and a if order is b-a-c.


(b) The gene order is a-c-b. Strain 1 transduction of strain 2 (a- b- c+ into a+ b+ c-) produces prototrophs when only c+ is transferred; in the reciprocal transduction, prototrophs arise if transfer of a+ and b+ and not c- from strain 2 occurs into strain 1. If c is the middle gene, one predicts more wild-type recombinants (a+ c+ b+) from strain 1  strain 2, than from strain 2  strain 1 transduction. It takes only a double crossover to get an a+ c+ b+ in the 1  2 transduction, but a quadruple crossover for wild-type recombinants in the 2  1 transduction. Double crossovers occur with a higher frequency than do quadruple crossovers. 

13.
A new bacteriophage of E. coli was isolated from the steam tunnels of New York City. Six mutant strains (a, b, c, d, e, f) were derived from it, each having a different single point mutation for the genes A, B, C, D, E, and F. Strain BDE was mated with strain bde. The order of genes given below does not necessarily reflect the order of the genes on the chromosome. The following progeny were observed:



BDE
376



BDe
4



BdE
21



Bde
92



bDE
99



bDe
20



bdE
5



bde
383




1000


(a) What are the genotypes of the double crossovers, showing gene order?


(b) Give the percentage recombination between each pair of genes.


(c) Draw a map showing the positions of the B, D, and E genes, with map distances between genes, where appropriate.


(d)       (1) Give the formula you would use to calculate the coefficient of coincidence.


            (2) Calculate the coefficient of coincidence.


(e)       (1) Give the formula you would use to calculate interference.


            (2) Calculate interference and specify whether the value is positive or negative.


(f) Three factor crosses involving the additional genes A, B, C, E, and F gave the following partial maps, shown below:




1
   10



ACE



             15
  
  10



AFB



           1

        15
 


CAF


Using the partial maps for A, B, C, E, and F and the map you drew for B, D, and E in part (c), construct a single circular map of the phage showing all six markers and the map distances between consecutive genes. 
Answer: 


(a) BeD and bEd


(b) b, d: 25%; b, e: 20%; d, e: 5%


(c)
20
5



BED


(d)
(1) c.o.c. = observed double crossovers  expected DCOs



(2) c.o.c. = 0.009/(0.2  0.005) = 0.9


(e)
(1) I = 1  c.o.c.



(2) I = 1  0.9 = 0.1


(f)
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