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1.  (12 pts)  Use the following list to answer the next six questions.  You may use more than one answer per question.


A.  Transformation


B.  Transduction


C.  Conjugation


D.  None of the above.

________  Is mediated by the F-plasmid.

________  Is mediated by bacteriophage.

________  Is mediated by naked DNA.

________  Requires a live donor.

________  Requires a live recipient.

________  Only DNA is transferred from donor to recipient.

2.  (6 pts)  Use the following list the answer the next three questions regarding conjugation.  


A.  Transfer of F+

B.  Hfr transfer


C.  Both A and B


D.  Neither A nor B

________  A replicon is ALWAYS transferred to the recipient.

________  The recipient rarely becomes F+.

________  Bacterial genes are often transferred to the recipient.

3.  (4 pts)  Answer the following questions in one sentence each.

a)  If a non-replicon fragment of DNA is transferred, why is recombination necessary in the recipient to permanently change the genotype of the recipient strain?

b)  What is the fate of the non-replicon fragment of DNA if recombination does NOT occur?

4.  (2 pts; circle the correct answer)  Transduction can by mediated either by temperate phage such as lambda (specialized transduction) or virulent phage such as P2 (generalized transduction).  The type of transduction in which random pieces of DNA are transferred from the donor to the recipient is known as specialized/generalized transduction.

5.  (6 pts; circle the correct answers)  During Hfr conjugation, the F DNA is nicked by an endonuclease/exonuclease at the oriT/oriV.  A linear piece of double-stranded/single-stranded DNA enters the recipient cell via the conjugation bridge.

6.  (4 pts)  DRAW how an Hfr is formed.  In your drawing, you must label the F-plasmid, bacterial chromosome, IS sequences, and oriT.  These are the ONLY words you are allowed to use.

7.  (6 pts)  For each of the following steps in a DNA extraction, indicate (IN THREE WORDS OR LESS) what reagents are used to perform the process.  The first one is given as an example.

Cell lysis:  Lysozyme

Removal of proteins:

Removal of RNA:

Precipitation of DNA:

8.  (4 pts)  Name two of the three items that a shuttle vector has that a regular cloning vector does not and state the purpose of each item.

9.  (2 pts)  DRAW the reason why DNA is negatively charged.  That is, draw a simple graphic of a DNA nucleotide and indicate with an arrow where the negative charges reside.

10.  (8 pts)  You are trying to insert a gene into a typical cloning vector that uses bla as the selectable marker and lacZ for blue/white color selection.  (a)  Following the ligation step, you transform E. coli cells and plate onto plates containing kanamycin and Xgal but you get no colonies.  Give one explanation why.

(b)  You now plate onto plates containing ampicillin and Xgal but again you see no colonies.  Give one explanation why.

(c)  You perform the above experiment again and this time when you plate onto plates containing ampicillin and Xgal you see many white colonies and a few blue colonies.  Success at last!  DRAW the reason why some of the colonies are blue and label the lacZ gene, the MCS, Xgal, and bGal (beta galactosidase).

11.  (2 pts)  Circle which of the following DNA sequences is likely a recognition site for a restriction enzyme:

GAGTTC

GAATTC

CAATTC

CATATC

12.  (4 pts)  Given your expertise in molecular biology and the ever-increasing number of stress wrinkles on your face, you decide to save money and make your own Botox(.  You know, of course, that Botox( is simply the type A toxin produced by the bacterium Clostridium botulinum.  So all you have to do is clone the C. botulinum toxin gene into E. coli.  You isolate a piece of C. botulinum DNA containing the toxin gene (it helps that the genome sequence is available), insert it into a regular cloning vector, and transform E. coli cells.  Sadly, none of the transformants produce the toxin.  You perform several experiments and conclude that, although the toxin gene has definitely been inserted into the cloning vector, no toxin mRNA is produced.  How would you potentially solve this problem?

You modify your clone and now have transformants that produce the toxin mRNA but are unable to produce the toxin protein.  Give one possible reason why.

Multiple Choice Questions (2 points each)


Circle the letter next to the single best answer

13. The most frequent type of mutation caused by ultraviolet radiation is:

a) Breakage of DNA strands or whole chromosomes

b) Conservative substitutions

c) Conversion of amino groups of bases to hydroxyl groups

d) Generation of thymine dimers

e) Methylation of cytosine

14. The mutagenic agent bromouracil affects DNA as follows:

a) Converts one base to another by altering amino groups to bromo groups

b) Releases pyrimidine bases from the deoxyribose to which they were attached

c) Distorts the DNA double helix by binding between base pairs

d) Is mistakenly incorporated into DNA by DNA polymerase

e) Inhibits DNA polymerase

15. When bacterial DNA is checked by the repair systems after replication, the original strand is identified by:

a) The presence of an RNA primer

b) Methyl groups are present on many cytosine residues

c) Methyl groups are found on the adenine of GATC sequences

d) Occasional uracil residues are found

e) The proof reading subunit of DNA polymerase remains attached to the parental strand

16. When DNA is repaired by the excision repair system:

a) DNA polymerase I replaces a segment of damaged/mutated DNA

b) DNA polymerase III replaces a segment of damaged/mutated DNA

c) One base at a time is snipped out and replaced

d) Restriction enzymes cut out regions of the double helix that are distorted

e) RNA Polymerase fills in the gaps first with temporary RNA

17. The difference between a true revertant and a second site revertant is as follows:

a) A true revertant has the original DNA sequence restored

b) A true revertant has an altered protein, but this works as well as the original version

c) A second site revertant had two original mutations, both of which have reverted

d) A second site revertant results from an insertion followed by a deletion (or vice versa) so that the overall length of the DNA is unchanged

e) A second site revertant relies on having a gene duplication to replace the defective copy

18. Human genes are usually first converted to the cDNA form for use in genetic engineering gene therapy. 


a) This is done by putting the human genes into bacterial cells and allowing the bacterial polymerase to replicate them. 


b) This is done by using mRNA and reverse transcriptase


c) This is done by removing the introns with restriction enzymes


d) cDNA is made by treating chromosomes with telomerase


e) The term cDNA refers to cloned DNA

19. When the sequences of their ribosomal RNA are compared:

a) Chloroplasts are most closely related to archaea (archaebacteria)

b) Mitochondria are most closely related to the animal cell nucleus

c) Chloroplasts are most closely related to the fungal cell nucleus

d) Mitochondria are most closely related to archaea (archaebacteria)

e) Chloroplasts are most closely related to bacteria (eubacteria)

20. After leaving the nucleus, eukaryotic messenger RNA is recognized by:

a) Ribosomal RNA in the small (40S) subunit

b) Tail binding protein

c) Ribosomal RNA in the large (60S) subunit

d) Cap binding protein

e) Initiator tRNA

21. During the packaging of DNA in the eukaryotic cell nucleus:

a) DNA is wound around nucleosomes by DNA gyrase

b) Histones are positively charged proteins that bind to DNA

c) Each nucleosome contains 10 histone proteins

d) The nucleosome core particle contains 4 histone protein

e) Histones are arranged helically around the DNA forming 100 nm fibers

22. Telomerase:

a) Synthesizes DNA repeats at the ends of chromosomes

b) Synthesizes RNA primers in eukaryotes

c) Manufactures a stretch of poly(A) to elongate chromosomal DNA

d) Is needed for priming DNA synthesis during chromosome replication in eukaryotic cells

e) Moves DNA segments from the centromeres to the ends of the chromosomes

23. Which of the following statements is true for the promoters of eukaryotic genes that use RNA polymerase II?

a) The initiator box is downstream of both the AUG start codon and the TATA box

b) The TATA box is downstream of the upstream elements and upstream of the initiator box

c) The upstream elements are upstream of the promoter but downstream of the transcriptional start site

d) The TATA box is upstream of the transcriptional start site but downstream of the initiator box

e) The initiator box is upstream of the first exon and downstream of the translational start site

24. Regulatory sequences known as enhancers:

a) Are needed for transcription by RNA polymerase III but not by RNA polymerase II

b) Encode the snRNA molecules needed for splicing RNA

c) Are often located a long way from the promoter and operate by looping around

d) Are where RNA polymerase first binds when it transcribes a gene

e) Consist of short repeated sequences of 6, 8 or 10 bases

25. When genes are regulated by steroid hormones, the steroid binds to:

a) The spliceosomes in the nucleus where they promote splicing of messenger RNA 

b) Receptor proteins that bind to ribosomes and promote increased protein synthesis

c) Receptor proteins in the cytoplasm which then move into the nucleus where they bind to DNA

d) Receptor proteins in the cell membrane that pass the signal on to other proteins in the nucleus

e) A nuclear protein that binds to the CCAAT box that is found in the promoter region of some genes

Short answer questions (14 points)

26. The diagram below shows two RNA molecules. Molecule I is processed to give molecule II. Answer the following questions about these two molecules (EIGHT points):

Where does this conversion happen? ____________________________

What type of RNA molecule is molecule I? _________________________

What type of RNA molecule is molecule II? _________________________

Name the regions/structures indicated by the arrows:

A = _________________   B = _________________  

C = _________________  D = _________________  E = _________________  
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27. Define any THREE of the following types of mutations briefly (SIX points): a) deletion; 
b) silent mutation; c) missense mutation; d) frameshift mutation; e) radical replacement


I.  ______________ = ________________________________________


    ________________________________________________________


II.  ______________ = ________________________________________


    ________________________________________________________


III.  ______________ = ________________________________________


    ________________________________________________________
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