
Mid-Term Example Answers

1.  Below are some diagrams of DNAs with mis-matches highlighted in bold for your convenience (“P” represents a 5’ phosphate group; letters linked by dashes are nucleotides on the same DNA fragment).  Indicate next to each diagram whether T4 DNA ligase can catalyze a ligation event with reasonable efficiency (“Yes”) or not (“No”).








[3]

[image: image1.png]I 5 or
T-C-A-T-G-T-T-6-G- 1-6-G-6-n-c. TG T-GT-TG-GACT  G-T-C-C-T-G-G-GAC
{A-G-T-A-C-A-A-C-c- Acc-coc-1-c IA-G-T-ACoAc A-T-CoA-G-G-A-C-C-C-1-C.
5 5
oHp on P
5
L h
T-6-G-T-G-T-T-G-G-A-C-T-A G-T-C-C-7-G-6-G-A-C. TC-A-T-G-T-T-G-G-A-C-T-A A-T-C-C-T-G-G-G-AC.
I A-G-T-A-C-A-A-C-C-T-G-A-T-C-A-G-G-A-C-C-C-1-C. A-G-T-A-C-A-A-C-C-T-G-A-T-C-A-G-G-A-C-C-C-1-C.
5 5
OH OH - OH OH
I I
TC-A-T-G-T-T-G-G-A-C-T-A G-T-C-C-T-G-G-G-A-C. T-C-A-T-G-T-T-G-G-A-C-T-A G-T-C-C-T-G-G-G-A-C.
{A-G-T-A-C-A-A-C C-T-G-A-T-C-A-G-G-A-C-C-C-1-G. BGTBCBBC OG- A TCRGGAC-C-C TG

1 5 1
P OH OH OH




Yes for all those on the left.  No for all those on the right, [0.5 each]

Perfect annealing of terminal nucleotides required, they must be adjacent when temporarily annealed as part of dsDNA and there must be a 5’ phosphate and 3’-OH for ligation to occur.

5.  We discussed cloning DNA in E.coli with plasmid, lambda and BAC vectors in order to purify and amplify individual DNA molecules.

a. Describe THREE critical aspects of a cloning vector.  Phrase your answer so that each aspect applies to all three cited vectors.
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Means of replicating in E.coli (origin of replication).

Means of selecting or finding E.coli that have a vector (antibiotic resistance or lysis)

Easy means of purifying vector DNA away from E.coli DNA (closed circular DNA of plasmids & BACs, phage particles separated from media, live cells and lysed cells).

Introduction into cells is not a good answer because any DNA can be introduced.

Convenient restriction sites was acceptable but is clearly not as fundamental as the properties above, especially since TOPO or recombination cloning provide alternatives.

Size is not a critical common property but the Q might be interpreted as just important considerations, rather than critical common property, so this could earn partial credit.

[perhaps 0.5 for a non-general answer on each point, depending on how clear]

b. In principle you could imagine electroporating a mixture of DNAs into mammalian tissue culture cells and then diluting the cells so that they form clonal colonies (in direct analogy to electroporating a mixture of DNAs into E.coli and separating individual recipients by plating).  An antibiotic resistance gene could also be used to select for cells that take up particular DNAs.  Why would this mammalian cell culture approach not work well for cloning DNAs (most important reason, please)?

[1]

Several DNA molecules insert into the genome of mammalian cells and are therefore propagated. These DNAs will not all be the same, so you cannot successfully separate, and therefore clone DNAs.

It would also be very difficult to purify the “cloned DNA” as it would not be on an episome but would be integrated into the genome with no obvious method for selective purification.  There are episomal vectors for mammalian cells based on viruses to circumvent this issue (but those vectors are used to propagate DNA that has already been purified by cloning in E.coli, not to separate out a mixture of different DNAs).

Electroporation can introduce DNA efficiently into mammalian cells, integration into the genome is reasonably efficient (but much lower than E. coli) and neomycin/G418 antibiotic selection can work very well, so none of these qualify as the most important reason (as specifically requested). These issues were intended to be guaranteed in part by the question and from lecture material about the relatively high frequency of non-homologous recombination in mammalian cells.  On that basis, several reasonable comments were given no credit (& the grading of this question was a little harsher than others).  The speed of cloning in mammalian cells would be much slower (if the more serious problems could be circumvented) and this earned some credit.  

7.  You could sequence a single 150kb BAC recombinant by primer walking or by shotgun sequencing.

a.  Which strategy would involve more sequencing reactions?
[1]

shotgun. Need to cover most sequences several times before all sequences are covered with overlaps. [Explanation not essential]

b.  Which strategy would take the longest time from beginning to end? [1]

primer walking. Must wait for results of one sequence, then make new primer before next sequencing run. Shotgun requires some cloning time but then everything is parallel. [Explanation not required]

c. The accuracy of a single DNA sequencing run is extremely high. Nevertheless, errors are possible.  Which of the two strategies would make you most confident about the final BAC sequence you obtain?  Explain.




[1]

Shotgun because you end up with multiple reads of the same sequence and at least one of those will involve “good” sequence (in the ideal size range for resolution by gel electrophoresis).

d.  In whole genome shotgun sequencing initial sequence alignments often produce a large number of reasonably long sequence melds.  At that stage how can you figure out if some pairs of melds represent sequences that are close to each other in the genome? [1]

If you labeled the origin of sequences you would know which reads came from the two ends of the same plasmid, plus the approximate size of that plasmid. This provides a scaffold for organizing melds relative to each other.

Some answers suggested using PCR to detect close melds. That is fine if you use oligos representing sequences near the ends of melds as PCR primers and use genomic DNA as template. To use any cloned DNA as a template you would have to know which to use (& hence you would need the labeling described above).









































































