Biotechnology
Homework 1
Fall 2011
Hand in on Wed 9/21

Please write clearly and leave plenty of space for comments.  Be concise but precise in your answers.  Points available are indicated in [ ].  Read the questions carefully- they aim to be specific and to give you some guidance about what you need in your answer.  You will always need to explain your reasoning (and perhaps more carefully than you are used to doing).

PLEASE START A NEW PIECE OF PAPER IN YOUR ANSWER WHERE REQUESTED.  We split up the grading by questions and therefore need to separate your homework into sections distributed to separate graders.

1.  Sensitivity of DNA/RNA detection methods

To answer these questions you will need to convert amounts of material given as masses into approximate numbers of molecules (approximate the Molecular weight of a bp as 700), and you would be well advised to visualize results of an experiment in your head.  You may also need to look up a couple of other numbers (use approximations) and there is no guarantee that every number cited in the question is important. You should be sure to EXPLAIN your reasoning and NOT simply present numerical calculations.

(i) If you use 5 mg of a restriction digest of human genomic DNA (from human cells) in a Southern blot lane and visualize a single band, corresponding to part of a single gene, after hybridization to a suitable probe, roughly how many copies (molecules) of that segment of DNA were present in the gel?  

[1]

(ii) By what factor would the above answer change if you were using yeast genomic DNA instead of human genomic DNA?








[1]

(iii) If in part (i) you were instead probing a Northern blot using 5 mg of polyA+ RNA from human cells how would you go about estimating the number of molecules of mRNA for a particular gene that are visualized in a single band? 







[1]

(iv) If you are sequencing DNA using 200ng of a PCR-amplified piece of DNA of 1kb and performing 20 cycles of standard Sanger dideoxy cycle sequencing how many labeled DNA molecules will be in a single peak detected as a signal corresponding to a particular base?



[2]

(v) In the early days 32-P or 35-S radioisotopes were used for visualizing bands on a polyacrylamide gel after sequencing reactions that involved only one round of DNA synthesis.  If you assume that the sensitivity of detection of a single radioisotope and a single fluorophore (fluorescent chemical group) are roughly the same (which is more or less true in the context of DNA sequencing) why does automated fluorescent cycle sequencing require many cycles of DNA synthesis?

[1]

(vi) If you are using FISH on interphase nuclei to detect a unique (non-repeated) piece of DNA in order to find out its chromosomal position, how many molecules of that segment DNA will be at the position of the fluorescent signal?







[1]

(vii) In FISH probes are often longer (covering 100kb or more) than for a Southern blot to achieve greater sensitivity.  Why does this work for FISH but not for most Southern blot applications?  [1]

(viii) How can you amplify the signal detected in FISH (or in a Southern blot) for a given amount and length of probe (of your design) hybridizing to its target?




[1]

(ix) The amounts of materials cited in (i), (iv) and (vi) approximate normal conditions.  Looking at your answers, how is it possible that FISH can achieve the required sensitivity (relative to the other procedures)?  Explain the single most important reason intrinsic to the technique (in your opinion).   DO NOT discuss probe length or signal amplification, which are already covered above.
[1]

2.  DNA sequencing

For dideoxy sequencing you need a suitably pure template and primer. Templates are very often made by PCR.  For example, 100-200ng of human genomic DNA might be used in a PCR reaction with 20 pmol of primers to produce about 0.5mg of a 2kb product (equivalent to about 0.4 pmol).

(i) As indicated above, in a typical PCR reaction very high molar concentrations of primer are generally used.  Why?









[1]

(ii) After a PCR reaction to produce template for sequencing there is generally a purification step before sequencing.  Briefly discuss TWO possible reasons for this and RANK them in importance. [2]

(iii) Imagine that you try to sequence a PCR product from human genomic DNA after using a molecular exclusion column for purification.  Would you expect the original genomic DNA (from regions other than that targeted for amplification) to produce ANY background in the sequencing step?  Explain and discuss whether this background would likely be small or large AND whether you think it is ENTIRELY dependent on the sequencing primer.





[2]

(iv) Imagine you are conducting the experiment described above to search for an unknown heterozygous mutation in the sequenced region of the human DNA sample from a single individual (i.e. you don’t know the exact position where the mutation might be, and you don’t know if the mutation might be a nucleotide substitution, deletion or something else).

Should you clone the PCR product prior to sequencing if

(a) your objective is simply to ascertain whether the DNA is normal or has a mutation? 

[1]

(b) you want to define the exact sequence of a mutation if present?




[1]

Make clear the relevant pros and cons of the TWO options you are choosing between.











(v) Primers for DNA sequencing are generally purified after oligonucleotide synthesis.  Primers are typically short (around 20nt) so a large proportion of the synthesis reaction will be correct even without purification.  However, if there are significant amounts of shorter products due to low efficiency synthesis steps might that be a problem?  Explain (be PRECISE).


[1]

PLEASE START A NEW PAGE FOR QUESTION 3 

3.  Hybridization and more.

(i) Sometimes DNA hybridization is measured directly to detect the presence of a particular sequence in an experiment where one of the two hybridizing DNA strands is attached to a solid substratum (as in a Southern blot or microarray).  In such an experiment you generally hybridize at a temperature well below (perhaps 15C lower than) the Tm for the intended hybrids to maximize hybrid formation and then you wash under more stringent conditions close to the expected Tm

.

(a) If you have a fixed amount of DNA on the solid substratum what is the most important determinant of the signal you detect?








[1]

(b) The Tm for any hybrid depends on the conditions of hybridization and is usually quoted for 50mM salt concentration.  It is useful to be able to calculate how much the Tm will change when salt concentration is altered. One formula for doing this is to add a factor equal to 16.6 (log10 [Na+]/0.05) where [Na+] is the molar salt concentration.  

To achieve equivalent hybridization conditions to 65C at 0.5M Na+ what should the temperature be if using 50mM salt? {Note that the second condition is lower salt}



[1]

(ii) When using oligonucleotides for hybridization both length and GC content contribute to Tm.  For PCR reactions it is common to design two primers with similar Tms and it may be important in other circumstances also to predict the Tm of an oligo for its target, at least roughly. There are several (imperfect) formulae for this and many websites will allow you to type in a sequence and retrieve a Tm estimate.  The idea of these questions is to give you some feel for the magnitude of these effects and also to prompt you to think of the whole picture (even when the question seems to be only about numbers).

Two (approximation) formulae are quoted in Strachan & Read on p195 (for standard conditions of 50mM salt, likely to be used in PCR):-

For short oligos (up to 20nt) Tm = 2 (# of A/T + 2x # of G/C)

For longer (20-35nt) oligos Tm = 22 + 1.46x (# of A/T + 2x # of G/C)

In other words, each GC bp adds about 4C, each AT bp adds about 2C for short oligos but these additions are reduced to lower values of about 3C and 1.5C as the oligos become longer.

Mis-matches.  First of all, Strachan quotes a value of about 1C reduction for each 1% mismatch when using reasonably long probes. Please disregard that for this question, which concerns shorter, oligo probes. Instead, use your own reasoning.

(a) Imagine you have established optimal conditions for hybridization of a specific 25nt oligo that matches its target perfectly.  If you add to the 5’ end of this oligo another 20nt of DNA sequence that does not match any sequence in the target DNA would you expect the optimal hybridization conditions to be altered? Explain.









[1]

(b) If, instead of adding 20nt, you change each of the first 4nt of the oligo by how much would you estimate the Tm for its desired target is likely to be altered?




[1]

(c) If you are using direct measurement of oligonucleotide hybridization to distinguish between a perfectly matched sequence and one that has a single nt substitution it can be quite hard to find conditions where the signal clearly differs in the two conditions.  How might you distinguish the two sequences better (without DNA sequencing)?  Explain why your proposed method is better.
[2]

(iii) Imagine that standard dideoxy cycle sequencing is being conducted using a template that includes the sequence written below:

5’….TGACTACGGCTGGTAAATCGCATGATGGCACGCGGTAAGTTACGAT….3’

What sequence would you expect to READ (i.e peaks on chromatogram) if the primer were

(a) 5’ ATCGTAACTTACCGCGT  3’






[1]

 (b) 5’ ATCGTAACCCACCGCGT  3’  (mis-matches in middle)



[1/2]

(c) 5’ ATCGTAACTTACCGCGC  3’   (mis-match at 3’ end)



[1/2]

(d) 5’ ATCGTAACTTACCGCGT  3’ and an equal amount of 5’ TCGTAACTTACCGCGT  3’ 

 (missing nucleotides at 5’ end) 







[1/2]

(e) 5’ ATCGTAACTTACCGCGT  3’ and an equal amount of 5’ TTACCGCGT  3’  (more missing nucleotides at 5’ end)









[1/2]

4. Cloning with plasmids and manipulating DNA with enzymes.

The idea that cloning with plasmids involves ligation of fragments to produce circular molecules is firmly entrenched.  However, many questions about the basic procedure are quite hard to answer because we do not literally see crucial steps in action, including DNA molecules entering E. coli and their immediate fate.  Instead, we usually guess or infer what is happening by testing various DNAs for transformation and then seeing how many antibiotic-resistant colonies are produced (and perhaps checking the structure of the plasmids in those colonies).  For example, you can take just a circular plasmid vector, cut some at a single sticky-ended site and compare transformation efficiencies of the circular and linear forms.  You will see a huge difference (and it is possible that any transformants produced from the “linear” DNA sample are just due to circular molecules that remained uncut).  From this you might infer that sticky ends do not anneal stably during transformation and that they are not efficiently ligated inside E.coli.

(i) Imagine you have a simple 3kb plasmid with a single EcoRI site 2kb (& 1kb) away from a single PvuI site.  You cut some of the plasmid with EcoRI and an equal amount with PvuI.  You mix equal amounts of the products, denature them and allow hybridization under ideal high stringency conditions.  What products would you expect to get and could this be confirmed by running an agarose gel?











[2]

(ii) You could test the transformation efficiency of the products formed above.   What controls (or additional tests) would be important to be able to conclude which, if any, of the products is mainly responsible for producing transformants (and how efficiently)?

ALSO, what result or conclusion do you expect (based on what evidence)?


[2]

(iii) If you have an EcoRI-cut plasmid vector and an EcoRI-cut fragment you wish to insert into the vector to make a recombinant plasmid you would add T4 DNA ligase to the two fragments (under suitable conditions) before transforming E. coli.  In order for ligation to work the two fragments must transiently hybridize via their complementary sticky ends, so why is that hybridization not sufficient to produce any recombinant products if you do not add ligase before transformation?

[1]

(iv) From the examples above you might wonder what length of annealed single strands might be sufficient to hold two DNA molecules together sufficiently well to allow successful transformation of a chimeric plasmid in the absence of forming phosphodiester bonds before transformation.  How could you test whether a 15nt overlap is sufficient?






[2]
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