Test Bank: Chapter Four

The Transmission of DNA at Cell Division

Chapter 4: The Transmission of DNA at Cell Division

Multiple-Choice Questions


1.
Vegetative nuclei in the fungus Neurospora have seven chromosomes. How many chromosomes would you expect in a fusion nucleus in an ascus? 

A) 7 

* B) 14
C) 21 

D) 28 

E) None 

2.
Which of the following is true with respect to haploid and diploid life cycles? 

A)
Meiosis is simpler in haploid organisms, owing to unpaired chromosomes. 

B)
Zygotes differentiate directly into meiotic products in haploids without intervening meiotic divisions. 

*
C)
Vegetative (somatic) nuclei of haploids have the gametic chromosome number. 

D)
Vegetative nuclei of diploids have the gametic chromosome number. 

E)
Vegetative nuclei of haploids have the zygotic chromosome number. 

3.
A process that occurs in meiosis but not mitosis is 

*
A)
pairing of homologs. 

B)
chromatid formation. 

C)
cell division. 

D)
separation of homologous centromeres to opposite poles. 

E)
chromosome condensation (shortening). 

4.
The “pulling apart” stage of both mitosis and meiosis is called 

A) prophase. 
B) metaphase. 
C) anaphase. 
* D) telophase.  E) interphase. 

5.
In a plant in which 2n = 24, what is the total number of chromatids present during prophase I of meiosis?

A) 6 

B) 12 

C) 24 

* D) 48 
E) 96 

6.
In a plant in which 2n = 24, what is the total number of chromatids present during prophase of mitosis?

A) 6 

B) 12 

C) 24

* D) 48 
E) 96 

7.
E. coli cells are put into a medium containing tritiated thymidine for one generation only.  The cells are then transferred back to normal medium with nonradioactive thymidine.  After one generation in the normal medium, what proportion of the cells will be labeled?

A) 1/16
B) 1/8

C) 1/4

* D) 1/2
E) All

8.
Synthesis of histones (basic proteins associated with DNA) occurs at the time of DNA replication in the cell cycle, which is

A) G0

B) G1

* C) S

D) G2

E) M

9.
Okazaki fragments form on the

A)
mRNA.

B)
3' end of a polymerizing strand of DNA.

C)
leading strand.

*
D)
lagging strand.

E)
major groove of DNA.

10.
If a 1000 kilobase fragment of DNA has ten evenly spaced replication origins and DNA polymerase moves at 1 kilobase per second, how many seconds will it take to produce two daughter molecules?

A) 20

B) 30

C) 40

* D) 50
E) 100

11.
Which of the following statements concerning in vivo replication of E. coli DNA is NOT true?

A)
The DNA unwinds as it replicates.

B)
For both new strands DNA synthesis is 5' to 3'.

C)
RNA serves as a primer.

D)
Copies of the 5'  3' template are synthesized as short fragments.

*
E)
The E. coli chromosome replicates as a rolling circle and forms concatemers.

12.
Which of the following statements concerning in vivo replication of eukaryotic chromosomes is true?

A)
A semi-conservative distribution of the DNA only pertains to the individual replicons, not the whole DNA molecule.

*
B)
Newly synthesized nucleosomes associate with Okazaki fragments.

C)
Copies of the 3'  5' template are synthesized as short fragments.

D)
Bidirectional replication of the replicon is rarely observed.

E)
All of the above

13.
Experiments on chromosome structure and function have shown that in eukaryotic chromatids

A)
there are at least 50 DNA molecules per chromatid.

*
B)
there is more than one DNA replicating point per chromatid.

C)
DNA molecules duplicate conservatively rather than semiconservatively.

D)
DNA segragation to daughter chromatids occurs in a dispersive pattern.

E)
most DNA synthesis occurs during the M (mitosis) phase of the cell cycle.
14. Which diagram most accurately shows the arrangement of homologous chromosomes during the first metaphase of meiosis? 



*
A)
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B)
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15.
Which diagram most accurately shows the arrangement of homologous chromosomes during the first metaphase of mitosis? 

A)
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*
B)
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C)
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D)
 


[image: image9.png]




E)
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16.
In a diploid organism 2n = 6, and there are two long, two intermediate, and two short chromosomes. What is the most accurate representation of a gamete resulting from meiosis in this organism? 

A)
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*
B)
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D)
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17.
Chiasma, with a vestige of the synaptonemal complex, are observed during which stage of prophase I of meiosis? 

A) Leptotene 
B) Zygotene 
C) Pachytene 
* D) Diplotene     E) Diakinesis 

18.
A characteristic of homologous chromosomes is that 

A)
they carry alleles for the same genes in the same relative positions. 

B)
they regularly exchange parts by crossing over at meiosis. 

C)
they physically pair at meiosis. 

D)
they are found in pairs but they do not physically pair in interphase in a diploid cell. 

*
E)
All of the above 
Open-Ended Questions


1.
All known DNA polymerases extend the polynucleotide chain 5' to 3' from a “primer.” In vivo the primer, which is RNA, is later removed. To avoid loss of terminal sequences different strategies are used by E. coli, linear bacterial genomes, and eukaryotic genomes.


(a) What strategy does E. coli use?


(b) What strategy do linear bacterial genomes use?


(c) What strategy do eukaryotes use in overcoming this problem? 
Answer: 


(a) The E. coli chromosome is circular, so there are no ends.
(b) Linear bacterial genomes solve this problem by using a special protein to act as a replication starter.
(c) Linear eukaryotic chromosomes solve this problem by having tandem repeats that are G-rich at the telomeres. These are replicated by the action of the enzyme telomerase. 

2.
E. coli cells were grown for many generations (generation “zero”) in a medium containing N15 ammonium as its sole nitrogen source, and then were allowed to divide synchronously three times in medium containing N14ammonium. If 4  109 (four billion) molecules of DNA were in the cells transferred originally, how many molecules of DNA will be found in the culture after zero, one, two, and three generations of growth, and in what densities? 
Answer: 


Generation zero:
4  109 molecules N15/N15 (all heavy)


Generation one:
8  109 molecules N15/N14 (all intermediate)


Generation two:
8  109 molecules N15/N14 + 8  109 molecules N14/N14 (light)


Generation three:
8  109 molecules N15/N14 + 24  109 molecules N14/N14 

3.
Below is a diagram of a DNA molecule that is undergoing bidirectional replication. On the diagram label primers, Okazaki fragments, and the site of action of the enzymes DNA polymerase I, DNA polymerase III, ligase, helicase, and gyrase. Show the polarities (5'  3') of the daughter strands. Be sure to label where replication is continuous or discontinuous.
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4.
J. Herbert Taylor added tritiated thymidine to the chromosomes of bean seedlings during their replication and then removed the label so that subsequent replications took place in the absence of any radioactive precursors. Considering the derivatives of one of the two daughter chromosomes of the division in which label was present, what would the distribution of label in the chromosomes be after three further divisions? 
Answer: One of the eight chromosomes would be labeled after three divisions. 

5.
E. coli cells were grown in a medium containing radioactive tritiated thymidine and N14 ammonium for several generations (call this generation 1) then transferred to a non-radioactive medium containing the heavy isotope of nitrogen, N15 ammonium, for a single generation (generation 2). Then the bacteria were transferred to a normal, non-radioactive medium containing N14 ammonium and grown for one generation (generation 3). The DNA was centrifuged in a CsCl gradient, and the distribution of radioactivity was determined for molecules differing in buoyant density.


Diagram the DNA molecules, showing the distribution of radioactive and heavy strands at each step in this experiment.
Answer: 
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6.
What is the difference between the theta and sigma modes of replication?
Answer: Both the theta and sigma modes of replication refer to replication of circular DNA molecules. In the theta mode, replication requires one or two RNA primers to form at the origin of replication. Neither nucleotide strand has to break at the origin of replication, and replication continues uni- or bidirectionally around the circle until two copies of the double-stranded circle are formed. Replication then terminates. In the sigma, or rolling-circle mode of replication, one strand breaks and peels away from its complementary strand, thereby making a replication fork. Replication maintains one double-stranded circle from which a single or double-stranded linear DNA diverges. The latter becomes longer (often coming to have many tandem repeats of the information of the original circle) as the circle replicates at the fork. 

7.
Cells of E. coli were grown many generations in medium containing “heavy” nitrogen (N15). They were then transferred to "light" medium containing N14 and allowed to grow for three generations. DNA from the cells was isolated with little breakage of molecules and then centrifuged in a cesium chloride density gradient.



If the conservative model of DNA replication were correct, what proportion of the DNA would be wholly heavy, wholly light, or intermediate in density after three generations? If the semi-conservative model were correct, what would the proportions of DNA be at each position?
Answer: For the conservative model, 1/8 of the DNA would remain wholly heavy, and 7/8 would be wholly light. For the semiconservative model, 1/4 would be intermediate, 3/4 light. 

8.
An unusual species of ant is found in Australia that has one pair of chromosomes. In tissue culture, diploid ant cells were labeled with tritiated thymidine for one replication (generation1) so that only one of the two polynucleotide chains in DNA was labeled [image: image19.png]


 : the wavy line indicates radioactive chain, and the straight line the unlabeled chain in a DNA duplex). The cells were then transferred to non-radioactive medium and followed for two cell divisions (generations 2 and 3). Draw the metaphase configurations of the second and third generation in the circles showing chromosomes, chromatids, and DNA molecules. Under each circle indicate if the cell is radioactive, using an “R,” if it is.
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9.
In the haploid unicellular alga Chlamydomonas, the vegetative cells are uninucleate and can easily be made to act as gametes. They simply fuse in pairs when cultures of opposite mating type are mixed.



The genotypes of the gametes are indicated at the far left of the diagram below. Double lines indicate the two chains of the DNA duplex. The genotypes of the resulting progeny are indicated at the far right of the diagram. The chromosome contributed by gamete A is non-radioactive, whereas the chromosome contributed by gamete a is fully radioactively labeled. In this problem you are asked to diagram the behavior of the DNA of a single pair of homologous chromosomes, one of which is radioactively labeled, as the chromsomes pass through fertilization, meiosis, and one mitotic division. Assume  that all these events take place in unlabeled medium.



Using the diagram, fill in the circles with DNA using dashed lines for labeled polynucleotide chains and straight lines for unlabeled chains. As indicated by the completed circles, each gamete contributes an unreplicated chromosome to the zygote. The chromosomes duplicate before meiosis. (A second duplication occurs between meiosis II and the following mitotic division.) 
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Answer: 
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10.
Starting with a pair of homologs in each case, diagram mitosis and meiosis during the course of two successive cell divisions by filling in the blank circles. Remember to diagram the genes on the chromosomes as they go through these two types of divisions.
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Answer: 
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11.
In what ways do haploid and diploid life cycles differ? 
Answer: Haploids have a haploid vegetative phase in which cells have only one set of chromosomes.  In diploids, the vegetative phase has two sets.  Haploid organisms form gametes by simple differentiation of haploid cells.  The diploid zygote formed by haploid organisms in fertilization soon undergoes meiosis.  Diploid organisms form meiotic cells (“germ cells”) by differentiation of diploid cells, and these undergo meiosis.  Diploid animals form gametes directly from the meiotic products, while plants form a rudimentary haploid gametophyte after meiosis, which produces gametes after a few mitotic divisions. 
