BIOL 1406 Discussion Questions: Biotechnology
1. What is genetic recombination?

2. Why is genetic recombination important?

3. In nature, what are the 2 basic steps involved in producing recombinant DNA?

4. Describe the natural mechanisms for producing recombinant DNA in prokaryotes.

5. Describe the natural mechanisms for producing recombinant DNA in eukaryotes.

6. What are restriction endonucleases (also called restriction enzymes)? 

7. What is DNA ligase?

8. Explain how restriction enzymes and DNA ligase are used to construct artificially recombined DNA.

9. Why are scientists interested in producing multiple copies of DNA fragments? 

10. Describe how molecular cloning (gene cloning) is used to produce multiple copies of a DNA fragment.  Be sure to explain the role of vectors in this process.

11. List and compare at least 3 different vectors that are being used to introduce foreign genes into host cells. 

12. Describe how the polymerase chain reaction (PCR)  is used to produce multiple copies of a DNA fragment.  Be sure to list and describe the 3 basic steps of PCR.

13. What is a plasmid?

14. What is a recombinant plasmid? 

15. How do scientists use antibiotic resistance and ability to metabolize X-gal to identify bacterial clones that have absorbed a recombinant plasmid? 

16. How do scientists screen all clones that have absorbed a recombinant plasmid to find the one(s) that contains a particular gene of interest? 

17. Explain the difference between genomic libraries and cDNA libraries. 

18. How is a cDNA library produced?

19. If you want to make bacterial cells that can manufacture a particular human protein, why is it important to insert cDNA rather than the original genomic DNA into the bacterial cells?

20. How do scientists produce DNA fragments?

21. If DNA from 2 individuals is treated with the same restriction enzyme, why do we get different sized fragments?

22. How can we determine the size of the fragments that are produced when we treat DNA from 2 individuals with the same restriction enzyme?

23. How can a DNA fragment containing a particular nucleotide sequence can be isolated and identified from a sample containing many different DNA fragments?

24. What are restriction fragment length polymorphisms? 

25. What is a DNA fingerprint?

26. Explain how RFLP analysis is being in the field of forensics.

27. Explain how RFLP analysis is being for genetic screening.

28. What is DNA sequencing?

29. Describe the method of sequencing that was developed by Fredrick Sanger.

30. Why is DNA sequencing important?

31. Describe at least 4 ways genetic technology can be used for human benefit.

32. What is a subunit vaccine?

33. How does a subuit vaccine work to provide immunity to disease?

34. Describe the procedure used to construct a subunit vaccine for herpes simplex. 

35. How does a DNA vaccine differ from a subunit vaccine?

36. Describe the procedure for preparing a DNA vaccine and explain how a DNA vaccine works to provide immunity to disease. 

37. What is gene therapy?

38. List a few diseases that scientists have attempted to treat with gene therapy and discuss some obstacles to successful gene therapy.

39. What are transgenic organisms?

40. Describe some transgenic organisms that have been created for human benefit.

41. Discuss some potential problems associated with genetic technology.

42.  The diagram below shows a segment of DNA with a total length of 4,900 base 


pairs. The arrows indicate reaction sites for restriction enzymes (enzyme X 


and enzyme Y).
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(A)  
Explain how the principles of gel electrophoresis allow for the separation 



of DNA fragments.


(B)
Describe the results you would expect from the electrophoretic 



separation of fragments from the following treatments of the DNA 



segment above. Assume that the digestions occurred under appropriate



conditions and went to completion.




   I   DNA digested with only enzyme X




  II.  DNA digested with only enzyme Y




 III.  DNA digested with enzyme X and enzyme Y combined



                 IV.  Undigested DNA


(C)
Explain both of the following.



(1)  
The mechanism of action of restriction enzymes.



(2)  
The different results you would expect if a mutation occurred 



         
at the recognition site for enzyme Y.

43. Construct a restriction map of a linear fragment of DNA, using the following data. Your map should indicate the relative positions of the restriction sites along with distances from the ends of the molecule to the restriction sites and between restriction sites: (The Biology Place)
	DNA
	Sizes of Fragments (bp)

	uncut DNA
	10,000

	DNA cut with EcoRI
	8000, 2000

	DNA cut with BamHI
	5000, 5000

	DNA cut with EcoRI + BamHI
	5000, 3000, 2000


44. Construct a restriction map of a linear fragment of DNA, using the following data. Your map should indicate the relative positions of the restriction sites along with distances from the ends of the molecule to the restriction sites and between restriction sites: 

	DNA
	Sizes of Fragments (bp)

	uncut DNA
	900

	DNA cut with EcoRI
	700, 200

	DNA cut with HindIII
	600, 300

	DNA cut with BamHI
	500, 350, 50

	DNA cut with EcoRI + HindIII
	600, 200, 100

	DNA cut with EcoRI + BamHI
	500, 200, 150, 50

	DNA cut with HindIII + BamHI
	500, 250, 100, 50


45. In a molecular biology laboratory, a student obtained competent E. coli cells and used a common transformation procedure to induce the uptake of plasmid DNA with a gene for resistance to the antibiotic kanamycin. The results below were obtained.
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a. On which petri dish do only transformed cells grow?

b. Which of the plates is used as a control to show that nontransformed E. coli will not grow in the presence of kanamycin?

c. If a student wants to verify that transformation has occurred, which of the following procedures should she use?

d. During the course of an E. coli transformation laboratory, a student forgot to mark the culture tube that received the kanamycin-resistant plasmids. The student proceeds with the laboratory because he thinks that he will be able to determine from his results which culture tube contained cells that may have undergone transformation. Which plate would be most likely to indicate transformed cells?

46. Below is a plasmid with restriction sites for BamHI and EcoRI. Several restriction digests were done using these two enzymes either alone or in combination. 

. 
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a. Which lane shows a digest with BamHI only? Explain your reasoning

b. Which lane shows a digest with EcoRI only? Explain your reasoning

c. Which lane shows a digest with BamHI and EcoRI only? Explain your reasoning

47. After undergoing electrophoresis, the gel in the figure below shows the RFLP analysis of DNA samples obtained from a crime scene. Blood stains on a suspect’s shirt (B) were analyzed and compared with blood from the victim (V) and from the suspect (S). Are the blood stains on the shirt from the victim or from the suspect? Explain.
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48. Restriction endonucleases are widely used in recombinant DNA research. 

a. Distinguish between exonuclease and endonuclease in a manner that makes it clear you understand what each is and how they differ. 
b. What are the characteristic features of a target site for cutting by a restriction endonuclease? 
c. What range of frequencies of cutting is encountered with the various restriction nucleases that are currently in widespread use? 
d. What is the size of the restriction endonuclease recognition site that is most useful for routine gene cloning operations? Explain the reasoning behind your answer. 
e. What is a sticky end and why is it considered useful in gene cloning? 

49. Distinguish between 5'-overhangs and 3'-overhangs and describe a hypothetical (or real) example of each. 

50. What role do restriction endonucleases play in nature? (What were they good for before molecular biologists discovered how useful they can be in recombinant DNA studies?) 

51. Do different restriction endonucleases ever generate sticky ends that are the same? Explain your answer. 

52. Eco RI cuts its GAATTC target site between G and A. A hypothetical enzyme Hyp I cuts the same sequence between T and C. Both enzymes yield sticky ends with the sequence 5'AATT3'. 

a. What problems would be encountered trying to rejoin the ends of DNA fragments cut with these two enzymes? Use a diagram to explain your answer. 
b. Can you think of any clever methods to overcome the problems described in your answer to part a? Using the same enzyme to cut both fragments is not an available option. 
c. Identify an actual pair of enzymes from the list *(list at end of document) that have a relationship to each other comparable to the relationship between Eco RI and Hyp I described in part a. 

53. What is the value of using plasmids that carry antibiotic resistance genes as vectors? 

54. What is the value of inserting a cloned DNA sequence into the middle of an antibiotic resistance gene? 

55.What is the rationale for the inclusion of multiple cloning sites in modern cloning vectors. Include in your answer a description of what multiple cloning sites are. 

56. You are trying to clone a gene by ligating Eco RI fragments into a plasmid vector. You get some successful clones, but sequencing studies reveal that you have only half of the coding sequence because there is an Eco RI restriction site in the middle of the gene. What would you do to obtain a full length clone of the gene? 

57. cDNA clones are widely used in recombinant DNA studies. 

a. What does the term "cDNA" stand for? 
b. How is cDNA prepared? 
c. What features of cDNA make it a useful research tool? 
d. What are the limitations that restrict the usefulness of cDNA clones? 
e. Would you expect an eukaryotic cDNA to work well in a prokaryotic expression vector? Explain the reasoning behind your answer. 

58. You have the cloned cDNA for a protein. Describe the procedures you would use to isolate a clone that contains the genomic sequence from a genomic library contained in lambda phage vectors. 

59. Do you expect cDNA preparations to contain cut sites for restiction endonucleases? Explain your answer. 

60. An unaltered vector and the same vector containing a cloned cDNA are denatured in the same solution, allowed to anneal slowly, and prepared for electron microscopy. What would you expect to see with the electron microscope? 

61. Using the table of codons in the textbook, identify all possible amino acid sequences whose genomic coding sequences could generate a cut site for EcoRI (G|AATTC). (Be sure to examine all possible reading frames and exclude all nucleotide sequences that could not be found in the coding sequences for proteins.) 

62. The polymerase chain reaction (PCR) is a widely used technique in molecular genetics. 

a. What special property must be possessed by the DNA polymerase used in PCR, and why is this so important for doing PCR? 
b. Explain the use of primers in PCR, including why two different primers must be used. 
c. What relationship must exist between the two primers used in PCR? 
d. Summarize all of the components that must be present in a PCR reaction mixture. 
e. Summarize the overall process that makes possible extensive amplification of specific DNA sequences with minimal effort through the use of PCR. 

63. One of the ways of determining whether a sequence has been successfully amplified by PCR is to do electrophoresis and look for a band of DNA of sharply defined size. Explain how such a band arises during PCR. 

64. Why is it not necessary to add new DNA polymerase and primers for each new cycle of PCR? 

65. You have a cDNA of unknown sequence in a plasmid vector. How could you do a PCR amplification of the cDNA without first determining its end sequences? 

66. What aspects of PCR make it particularly useful in forensic investigations? How do the same properties make PCR particularly susceptible to challenge by defense lawyers? 

67. Distinguish between Southern and Northern blots in a manner that makes it clear you know what each is and how they differ. 

68. How does a Western blot differ from both of the above? When is a Western blot used in perference to a Northern or Southern blot? 

69. You have a full length cDNA that codes for an eukaryotic protein. The cDNA was cloned using Pst I. When you do a genomic Southern blot with Eco RI, you detect three bands of distinctly different sizes that hybridize with the cDNA probe. 

a. What are two very different possible interpretations of the data? 
b. Describe the additional experiments that would be needed to distinguish clearly between the two possibilities. (Be aware that there are multiple possible ways of approaching this problem, and list as many as you can). 

70. What result would you expect to see if you probed a Southern blot of a PCR product derived from genomic DNA separately with each of its primers? How might the results differ if different restriction endonucleases were used on the PCR product prior to running the Southern blot (this calls for some speculation -- explain any assumptions that you have made in arriving at your answer. 

71. DNA sequencing is frequently done with single-stranded DNA as the starting material. 

a. What are the potential advantages of using single-stranded DNA? 
b. Is the use of single-stranded DNA strictly necessary? Explain the reasoning behind your answer. 
c. What additional step would be needed to start with double-stranded DNA? (You have not been given an exact answer, but you should be able to figure out what must be done.) 
d. Would it be possible to do sequencing by adding dideoxyribonucleotide triphosphate chain terminators to a PCR reaction? Explain your answer. 
e. Would it be possible to use a single PCR primer as a sequencing primer? Explain your answer and discuss any special problems that might be encountered. 

72. Why is it important to use a polymerase that lacks 5' to 3' exonuclease activity (such as the Klenow fragment of DNA polymerase I) when doing DNA sequencing? 

73. What prevents all growing chains from being terminated at the same length? 

74. What is an open reading frame and why is its identification important during DNA sequencing? 

75. Why does the sequence you read from the gel in Sanger dideoxy sequencing not begin with the sequence of the primer that you used? 

76. The RNA coding sequence for the tryptophan operon attenuator peptide is 

5'-AUGAAAGCAAUUUUCGUACUGAAAGGUUGGUGGCGCACUUCCUGA-3'. 
a. Sketch a sequencing gel showing the sequence that would be obtained if you used the antisense strand of the DNA as the template and a primer that hybridized to the DNA just beyond the end of the coding sequence.

b. Same as a, except using the sense strand of the DNA as the template.
c. Same as a, except containing a frameshift mutation that causes the formation of a stop codon (UGA) near the middle of the sequence. The stop codon is to be formed by frame-shifting, and not by the direct insertion or deletion of a base at the site of the stop codon. 
77. The result of sequence determination of an oligonucleotide as performed by the Sanger dideoxy chain termination method is displayed below.  What is the sequence of the original oligonucleotide? (3)
	A
	C
	G
	T
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78.  A 6.0 kb plasmid was constructed by cloning a 3.4 kb BamHI fragment into the BamHI site of the plasmid vector pUC19. Note that pUC19 has single EcoRI, BamHI and HindIII sites in the multiple cloning sites where the BamHI site is located between EcoRI and HindIII sites. When this plasmid was digested with restriction enzymes, the following fragments (in kb) were obtained: EcoRI: 6; HindIII: 4+2; BamHI: 3.4+2.6; BamHI+HindIII: 2.6+2.0+1.4. Draw the restriction map of the plasmid.

*

  Aac65 I   G|GTACC 
  Alu I    AG|CT 
  Bam HI  G|GATCC 
  Bgl II    A|GATCT 
  Cla I     AT|CGAT 
  Eco RI   G|AATTC 
  Eco RII  |CC(A/T)GG 
  Hae III   GG|CC 
  Hin dII   GTPy|PuAC 
  Hin dIII  A|AGCTT 
  Hpa II    C|CGG 
  Kpn I    GGTAC|C 
  Mbo I    |GATC 
  Not I    GC|GGCCGC 
  Nst I    ATGCA|T 
  Pst I     CTGCA|G 
  Pvu I    CGAT|CG 
  Sac I     GAGCT|C 
  Sal I     G|TCGAC 
  Sma I    CCC|GGG 
  Xma I    C|CCGGG
