Biotechnology
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Fall 2011
Hand in on 10/5

Please read questions carefully. You always need to provide some explanations of your answers.

1. DNA libraries
I described making a genomic library by using partial Sau3A digest and cloning into a lambda phage replacement vector (insert sizes generally 20-25kb).  An analogous procedure can be used to make a library in a BAC vector (inserts generally in 150-300kb range).  The purpose of making a genomic library is usually to ensure that all regions of the genome are represented reasonably equally by multiple clones and that cloned DNA segments overlap extensively.

Imagine that you are making a genomic library in a BAC vector (which has whatever cloning sites you would like, e.g. BamHI, XhoI and whatever else you want) but you use XhoI (which cuts at CTCGAG after the first C on each strand) instead of Sau3A for partial digestion of the genomic DNA.

(i) Why is the choice of XhoI worse than Sau3A?
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(ii) If you had sonicated the genomic DNA (to leave blunt or slightly staggered ends) instead of using a restriction enzyme how might you best arrange for those fragments to ligate to a vector (the procedure may consist of more than one step)?
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(iii) A good BAC library is one where you have many colonies and each colony carries an insert that is a faithful copy of a segment of genomic DNA.  If you simply ligated the XhoI partial digest of genomic DNA to XhoI cut BAC (and then electroporated into E. Coli) your library would fall short of the stated ideals in several ways. 

(a) Explain TWO serious shortcomings, making clear which is the most problematic.
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(b) How could you change the cloning strategy (using a partial XhoI digest of genomic DNA and a BAC vector with whatever sites you wish) to try to ensure that the ONLY types of ligations that occur are between vector DNA and insert DNA?
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(iv)  If you were making a cDNA library in lambda phage using 12bp EcoRI linkers at the ends of ds cDNAmolecules (and EcoRI methylase to protect internal EcoRI sites) as illustrated in the slide used for this procedure, simply ligating to EcoRI cut vector arms,

(a) Would you recover some recombinant clones containing more than one cDNA?  Explain.
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(b) If you were to obtain the entire insert sequence from a recombinant clone would you be able to tell if you had more than one cDNA insert?  Explain.
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2.  Gateway cloning

 In the “Gateway” cloning system, which exploits sequence-specific homologous recombination catalyzed by purified proteins in vitro, it is usual to first create an “Entry clone” and then to transfer the cloned segment to a “Destination vector”.

(i) An Entry clone can be made by recombination of a PCR product with a Donor vector (which has attP1 and attP2 sites) but how must the PCR product be made?
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(ii) You can also make an ENTRY vector by TOPO cloning of a PCR product.  It is often desirable also to be able to clone an insert into an ENTRY vector in a specific orientation (e.g. with attL1 closest to the end of a cloned cDNA corresponding to the 5’ region of an mRNA, and attL2 at the other end).  What are suitable designs of the TOPO vector and the PCR product to achieve this?










[2]

(iii) When discussing or advertising different methods of making recombinant DNAs three terms are sometimes used- “seamless, universal and efficient”. “Seamless” means you can’t see the join but, more importantly it means you can prescribe all sequences of the final molecule, including the new junctions you created. “Universal” means you can apply the technique to any DNA molecules, regardless of their precise sequence. “Efficient” can mean that it works every time and/or most products (transformed bacterial colonies) are correct.

Considering these three issues

(a) compare cloning with restriction enzymes and DNA ligase with Gateway cloning (as in the slide presented for making an Entry clone)
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(b) compare LIC and SLIC cloning
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PLEASE START A NEW PAGE

3. SLIC cloning

Imagine you are using the SLIC method (SLIC, not LIC) to insert a fragment of DNA into a plasmid vector.  Your overall plan is to cut the vector at a unique restriction site and then treat with T4 DNA polymerase to generate single-stranded regions (that will not be uniform in length as in LIC)  that will hybridize to single-stranded regions of an insert fragment generated by PCR followed by T4 DNA polymerase treatment.

(i) Design your own vector.  You can design whatever sequence you wish around the restriction site you use in the vector.  You should write out both strands of the sequence you choose for a region long enough to include all critical sequences.  You should also point out the restriction site you use - you can find information on restriction sites at many locations, including http://www.neb.com/nebecomm/tech_reference/restriction_enzymes/alpha_list_of_sequences.asp
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(ii) For the vector sequences you have chosen what will be the sequences of your two PCR primers 5’ of the regions that are complementary to the template being amplified?

[2]

(iii) For your sequences write out a typical hybrid molecule that may form after annealing exonuclease-treated vector and insert? To answer this question you must

(a) write out DNA sequences to show exactly where the annealing segments are
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and

(b) draw a line diagram to show the overall structure of the junction, indicating where the matched sequences are, and any single-stranded regions.
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(iv) 

(a) In the annealing reaction can insert fragments join together? Can Vector fragments join together?
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(b) Explain IN ESSENCE (i.e. what is the fundamental principle) why the answer to the above questions would be different if you were instead talking about ligating vector and insert restriction fragments (even if you are ligating fragments with different cut sites at each end, such as BamHI and EcoRI).
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4. Site-directed mutagenesis

The Quik-change site-directed mutagenesis is widely used in research because it is generally reasonably efficient and successful.  However, the method is not easy to appreciate unless you look and think carefully. (Also, please note that I am asking about the methods depicted in the slide used in class.  The same company and brand also offers more recent “Quik change” methods for making multiple mutations simultaneously that use a distinctly different protocol).

(i) Several cycles of DNA synthesis are used.  Recall that PCR uses multiple cycles to produce logarithmic increases in the desired product whereas cycle sequencing generates product only arithmetically (same amount added in each cycle).  In Quik-change mutagenesis is DNA synthesized in one round of DNA replication ever used as template in a subsequent round (as in PCR)?  Explain.
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(ii) The type of DNA molecule that you wish to recover by transforming into E. coli and recovering the transformed colony is double-stranded, circular and contains the desired mutation on both strands.

(a) When during the procedure are these two strands made?
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(b) When during the procedure is the appropriate double-stranded molecule made?
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(iii) You want to minimize the number of colonies that include non-mutated sequences.  The enzyme DpnI is used to achieve this.  DpnI digests hemi-methylated DNA and fully methylated DNA at GATC sites.

(a) Prior to DpnI treatment, which molecules would produce colonies containing only non-mutant plasmids?
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(b) Is it important that DpnI can cut hemi-methylated GATC sites as well as fully methylated sites?  Explain.
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 (iv) Could you use the Quik-change method to insert a segment of 30bp into a precise position rather than to introduce base substitutions?  How?
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(v) Imagine you want to introduce a single base-pair substitution into a recombinant BAC plasmid of 150kb.

(a) The standard Quik-change method performed on that BAC would not be likely to work.  Why not?
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(b) It is nevertheless often the objective of a research experiment to create specific variants of large DNA molecules.  How might you achieve the objective stated in (v), perhaps using more than one step?  Explain any problems you see with your proposed procedure (most solutions you may think of immediately will have a serious flaw or may only work in favorable situations). [2]
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