Biotechnology 
Homework 4

Fall 2011

Due on Oct. 12th
1. Imagine you have an ordered library of mouse genomic BAC clones (of roughly 200-250 kb each), named BAC-1, BAC-2 etc. (“1”, “2” etc. in the table below).  You also have a set of STS markers, named a, b, c, d etc.  You are trying to order the clones by STS content mapping.  The table below presents all of the BAC clones that include STS-a.  It is somewhat realistic that a particular sequence might be found in at least 8 clones because the library has to have many copies of any one region to provide good coverage.  The presence (+) or absence (-) of an STS in a particular BAC clone (which could be determined experimentally by hybridization or by producing a PCR product from a particular BAC as template using primers for a specific STS) is indicated. 
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 (i) Draw the overlap of the named BAC clones that you can deduce from the above data (i.e. a map that includes the STS markers).  Explain your method of getting the results (otherwise I cannot tell how you thought about the problem & will not give you full credit; if you have a logical method you can imagine writing a computer program to implement it on a larger scale than here).

[2]

(ii) The data presented above could be part of a whole genome mapping project, involving a few hundred thousand BACs and STSs in addition to those tabulated.  In that case you could still start the mapping project by focusing (arbitrarily) on STS-a as above.  Once you form the map requested in (i) what would you do next with the enormous amount of mapping data available to extend your map to the left or the right? (Do not just say use a computer- you have to tell the computer what to look for).











[1]
(iii) If you extended your map away from an arbitrary starting point (STS-a) you could probably find a long stretch of overlapping clones but at some point (in each direction) you would probably be unable to extend the map further (because you do not find any new BACs with overlaps to the relevant STS probes).  What could be one underlying reason for being unable to extend such a map indefinitely?











[1]

(iv) Given that the above approach (with many starting points) will lead to hundreds or thousands of clone contigs (stretches of overlapping clones), what is one approach that should help to join some of those contigs together into longer stretches?






[1]
2. BAC clones can also be ordered by restriction enzyme fingerprinting. Imagine that 200,000 BAC clones from a complex genome have been mapped by restriction enzyme fingerprinting with EcoRI. A typical BAC may be around 200kb and EcoRI may cut on average roughly once every 4kb.  Hence, a typical BAC EcoRI digest may contain 40-50 bands.  The accuracy with which band sizes can be measured is very important for this type of mapping. It is likely better than to the nearest 50bp but for convenience in this question let us assume that recording a band (on a computer file) as 2.1kb means it could be anywhere from 2,050bp to 2,150bp. Also, band intensities are measured, so if a particular size (say 3.2kb) has a band that is three times as strong as expected it is recorded as 3.2 x 3.  It is very important to realize that the size of a band is not accurate enough to identify two bands as being identical.  Two bands recorded as having the same size will very often not have exactly the same size and will come from different parts of the genome.
In question 1 we were able to focus on a small subset of data by looking only at BACs with the STS-a because an STS is unique. The first step here is not so obvious because a single band of a specific designated size is not unique.  That is an important point.  

As a first idea, we might start by picking out a particular set of EcoRI band sizes that we choose randomly from the digest of a single BAC clone and look for other BACs that include the same set of band sizes. Consider first starting with BAC-1 and picking out five bands (15.1, 8.3, 4.3, 2.3 and 1.7kb).  There might be tens or hundreds of BACS with that signature- the fingerprints of four such BACs are shown below (I am also saving some paper by pretending that the BACs are a little shorter than normal and produce fewer restriction fragments than normal).
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(i) Are you confident that ANY PAIR of BACs above overlap? Explain.


[1]

(ii) Might ALL of the five BACs shown above overlap? Explain. 



[1]

(iii) In the approach suggested above the intention is to start a map with BAC-1 and build a contig of overlapping BACs from that starting point, using all of the restriction fingerprinting data from the whole project (not just what I listed).  How would you modify the strategy of picking out five band sizes to look for possible overlaps in order to produce an easy, more successful strategy? Include in your answer a revised method for the first step AND how you then take a second step
[1]

(iv) The end-product of either STS content mapping or restriction enzyme fingerprint mapping is to produce a map of the overlap of different BACs.  In the original human genome sequencing strategy a few BACs were then picked out for sequencing because they formed a minimal tiling path.  It is important that those BACs are connected correctly with others in the map and that they do not harbor any cloning artifacts (like deletion of a segment lying between two repeat sequences). A map based on restriction enzyme fingerprinting is more useful than an STS content map for the following purposes.  Explain why (for each), being sure to explain why the key feature is NOT available from STS content maps.

(a) to detect any clones that had undergone a small deletion event during cloning or amplification

[1]
 (b) to provide some assurance after sequencing a BAC that the sequence obtained is correct.   
[1]

Note that no experiments are required for the above answers.  You simply have to use data that you would already have.

3.  Imagine you have a purified 200kb BAC that you are going to sequence by a shotgun method.

You sonicate the DNA to a measured degree and gel purify fragments of (let’s say here) about 2kb and then clone these fragments into a plasmid vector to produce a library of clones.  You then isolate DNA from each clone and sequence from each end of the insert (by using different primers complementary to vector sequences) for each DNA. This generates many DNA sequences of roughly, say 700nt.  If there are enough such sequences, few errors and no awkward segments of DNA (such as repeats) a computer program can align pairs of sequences and progressively build up large segments of sequence from these merges, hopefully spanning the whole 200kb.

 (i) Why is sonication used instead of a partial Sau3A digest for shotgun sequencing, even though partial Sau3A digestion is good enough to make a BAC library covering a whole genome? [1]

(ii) To build up a sequence of the BAC do we need to determine experimentally the complete sequence of each 2kb plasmid clone we make?  Explain.




[1]

 (iii) Below I am writing down some sequences you might obtain in such an experiment, but I am simplifying in a couple of ways.  First, I am only giving you a small subset of the sequences (picked out to include several overlaps) and the sequences are shorter than usual.  Second, I am writing all of the sequences in the same sense.  In reality, about half of the sequences would actually have been the complement of what I am writing (in fact I label those as “comp”). In a real sequencing project  a program would deal with sequence quality, repeats and the best way to merge sequences but here I am just separating out those processes by asking you to merge sequences with a little help from a computer program that simply finds matches between sequences (not the sort of program that would normally be used).


You may be very good at spotting sequence identities and you could conceivably do this whole question without a computer but it is easiest if you go to the NCBI web site and use the “Align” tool within “Blast”.  So, go to http://www.ncbi.nlm.nih.gov/ and then go to BLAST on the upper menu bar. Then scroll down to the bottom and click on Align (http://www.ncbi.nlm.nih.gov/BLAST/bl2seq/wblast2.cgi).  Leave all of the default parameters unchanged and simply paste in sequences from the question into each of the two boxes for pair-wise comparisons and hit “BLAST”.  The output will be diagrammatic followed by an alignment of the identical or near-identical sequences with nucleotide numbers from the original two sequences.

Seq1-comp

GGTCACTGGGCTGCATAGCCTACGAAAGCATGGCCGGTCAGCCGCCCTTC

TGTGCCAGCTCCATCCTGCATCTGGTGAAGATGATCAAGCACGAGGACGT

CAAGTGGCCGAGCACGCTGACTAGCGAGTGCCGCTCCTTCCTACAGGGCC

TGCTTGAGAAGGACCCCGGTCTGCGCATATCCTGGACGCAGCTGTTGTGT

CACCCCTTCGTTGAGGGACGCATCTTTATCGCAGAAACGCAGGCGGAGGC

GGCCAAGGAATCGCCTTTCACAAATCCCGAAGCCAAGGTTAAGTCGTCAA

AACAGTCCGATCCGGAGGTAGGCGATCTGGACGAGGCCCTGGCCGCTTTG

GACTTTGGCGAGTCGCGACAGGAAAACTTGACCACCTCCCGCGACAGCAT

AAACGCCATTGCTCCCAGCGATGTTGAGCATCTTGAGACCGATGTGGAGG

ACAATATGCAACGTGTGGTCGTTCCCTTCGCGGACTTGTCCTACAGGGAT

CTGTCTGGTGTTCGGGCAATGCCGATGGTACACCAGCCGGTGATCAACTC
Seq2

TGATCTCCAAGCGCGGAAGAGCCACGAAAGAGCTGAAGAATTTGCGCAGG

GAGTGCGACATTCAGGCCCGGCTGAAGCATCCGCACGTCATCGAGATGAT

CGAGTCCTTCGAGTCGAAGACGGACCTTTTCGTGGTCACTGAGTTCGCGC

TGATGGACCTGCACCGCTACCTGTCCTACAATGGAGCCATGGGCGAGGAG

CCGGCACGTCGGGTGACCGGGCATCTGGTGTCCGCTCTGTACTACCTGCA

TTCAAACCGCATCCTCCACCGGGATCTCAAACCGCAAAACGTGCTGCTCG

ACAAGAATATGCACGCGAAACTCTGCGACTTTGGACTGGCCCGCAACATG

ACCCTGGGTACCCACGTGCTCACCTCGATCAAGGGAACGCCCCTCTACAT

GGCCCCGGAGCTGCTGGCGGAGCAGCCGTACGACCATCATGCGGACATGT

GGTCACTGGGCTGCATAGCCTACGAAAGCATGGCCGGTCAGCCGCCCTTC

TGTGCCAGCTCCATCCTGCATCTGGTGAAGATGATCAAGCACGAGGACGT

CAAGTGGCCGAGCACGCTGACTAGCGAGTGCCGCTCCTTCCTACAGGGCC

TGCTTGAGAAGGA
Seq3

ATGAACCGCTACGCGGTAAGCTCGATGGTGGGGCAAGGATCCTTCGGGTG

CGTATACAAGGCGACACGCAAGGACGACAGCAAGGTGGTGGCCATCAAAG

TGATCTCCAAGCGCGGAAGAGCCACGAAAGAGCTGAAGAATTTGCGCAGG

GAGTGCGACATTCAGGCCCGGCTGAAGCATCCGCACGTCATCGAGATGAT

CGAGTCCTTCGAGTCGAAGACGGACCTTTTCGTGGTCACTGAGTTCGCGC

TGATGGACCTGCACCGCTACCTGTCCTACAATGGAGCCATGGGCGAGGAG

CCGGCACGTCGGGTGACCGGGCATCTGGTGTCCGCTCTGTACTACCTGCA

TTCAAACCGCATCCTCCACCGGGATCTCAAACCGCAAAACGTGCTGCTCG

ACAAGAACATGCACGCGAAACTCTGCGACTTTGGACTGGCCCGCAACATG

ACCCTGGGTACCCACGTGCTCACCTCGATCAAGGGAACGCCCCTCTACAT

GGCCCCGGAGCTGCTGGCGGAGCAGCCGTACGACCATCATGCGGACATGT

Seq4

TTCCGGAGCTAACTGTCGAGGAGCTGGAGACGGCTTGCAGTCTGTACGAA

CTGGTCTGCCACTTGGTACACCTGCAGCAGCAGTTCCTAACGCAGTTCTG

CGATGCGGTTGCCATTCTGGCAGCAAGCGATCTGTTCCTCAACTTCCTCA

CGCACGACTTCAGGCAATCGGATTCAGACGCCGCCTCTGTTCGCCTGGCT

GGGTGCATGTTGGCCCTGATGGGCTGTGTGCTGCGCGAGCTGCCCGAAAA

CGCGGAGCTTGTAGAACGGATTGTCTTTAATCCGCGGCTAAACTTCGTCT

CGCTCCTGCAGAGCCGACACCACCTGTTGCGGCAACGTTCCTGTCAGCTG

CTGCGCCTGCTGGCCCGCTTCAGCCTGCGCGGCGTGCAGCGCATATGGAA

TGGAGAGCTGCGATTTGCGCTGCAACAACTCTCTGAGCACCACTCGTACC

CGGCACTCCGTGGGGAGGCCGCCCAGACCCTCGACGAGATCAGTCACTTC

ACTTTTTTCGTCACCTAG

Seq5-comp

GCGAACTGGACTCATTGAAACAGCACAACCTGGTGAGCATTATTGTGGCA

CCGCTGCGCAACTCCAAGGCCATTCCACGGGTACTCAAGAGTGTGGCCCA

GTTGCTGTCGTTGCCCTTTGTGCTGGTGGATCCTGTTTTGATTGTTGACC

TCGAGCTCATCCGCAACGTGTACGTGGACGTAAAACTGGTGCCCAATCTC

ATGTACGCCTGCAAGCTGCTCCTGTCGCACAAACAACTCTCGGACTCGGC

TGCCTCCGCCCCACTCACCACGGGTTCGCTCAGTCGAACGTTGCGTAGCA

TTCCGGAGCTAACTGTCGAGGAGCTGGAGACGGCTTGCAGTCTGTACGAA

CTGGTCTGCCACTTGGTACACCTGCAGCAGCAGTTCCTAACGCAGTTCTG

CGATGCGGTTGCCATTCTGGCAGCAAGCGATCTGTTCCTCAACTTCCTCA

CGCACGACTTCAGGCAATCGGATTCAGACGCCGCCTCTGTTCGCCTGGCT

GGGTGCATGTTGGCCCTGATGGGCTGTGTGCTGCGCGAGCTGCCCGAAAA

CGCGGAGCTTGTAGAACGGATTGTCTTTAATCCGCGGCTAAACTTCGTCT

CGCTCCTGCAGAGCCGACACCA
Seq-6

CCGGCACGTCGGGTGACCGGGCATCTGGTGTCCGCTCTGTACTACCTGCA

TTCAAACCGCATCCTCCACCGGGATCTCAAACCGCAAAACGTGCTGCTCG

ACAAGAACATGCACGCGAAACTCTGCGACTTTGGACTGGCCCGCAACATG

ACCCTGGGTACCCACGTGCTCACCTCGATCAAGGGAACGCCCCTCTACAT

GGCCCCGGAGCTGCTGGCGGAGCAGCCGTACGACCATCATGCGGACATGT

GGTCACTGGGCTGCATAGCCTACGAAAGCATGGCCGGTCAGCCGCCCTTC

TGTGCCAGCTCCATCCTGCATCTGGTGAAGATGATCAAGCACGAGGACGT

CAAGTGGCCGAGCACGCTGACTAGCGAGTGCCGCTCCTTCCTACAGGGCC

TGCTTGAGAAGGACCCCGGTCTGCGCATATCCTGGACGCAGCTGTTGTGT

CACCCCTTCGTTGAGGGACGCATCTTTATCGCAGAAACGCAGGCGGAGGC

GGCCAAGGAATCGCCTTTCACAAATCCCGAAGCCAAGGTTAAGTCGTCAA

AACAGTCCGATCCGGAGGTAGGCGATCTGGACGAGGCCCTGGCCGCTTTG

GACTTTGGCGAGTCGCGAC
(a) Try to align pair-wise combinations of the six sequences and draw a diagram of the merged sequence(s) you obtain.  I don’t want the print-out from the individual merges.  Your diagram should simply show the alignment/overlap of the different sequences.



[2]
(b) How long is your longest merged sequence (or contig)?




[1]

(c) Is there any place where you are unsure of exactly what the merged sequence is?  Explain the reason for your concern and a possible explanation.




[1]
(d) It is very important that all sequences are checked and trimmed to be of the highest quality. To see what happens if you work with poor sequences, imagine that you tried to read further in sequence 2 (making guesses at some nucleotide positions) to produce the sequence below:

Poor Seq2

TGATCTCCAAGCGCGGAAGAGCCACGAAAGAGCTGAAGAATTTGCGCAGG

GAGTGCGACATTCAGGCCCGGCTGAAGCATCCGCACGTCATCGAGATGAT

CGAGTCCTTCGAGTCGAAGACGGACCTTTTCGTGGTCACTGAGTTCGCGC

TGATGGACCTGCACCGCTACCTGTCCTACAATGGAGCCATGGGCGAGGAG

CCGGCACGTCGGGTGACCGGGCATCTGGTGTCCGCTCTGTACTACCTGCA

TTCAAACCGCATCCTCCACCGGGATCTCAAACCGCAAAACGTGCTGCTCG

ACAAGAATATGCACGCGAAACTCTGCGACTTTGGACTGGCCCGCAACATG

ACCCTGGGTACCCACGTGCTCACCTCGATCAAGGGAACGCCCCTCTACAT

GGCCCCGGAGCTGCTGGCGGAGCAGCCGTACGACCATCATGCGGACATGT

GGTCACTGGGCTGCATAGCCTACGAAAGCATGGCCGGTCAGCCGCCCTTC

TGTGCCAGCTCCATCCTGCATCTGGTGAAGATGATCAAGCACGAGGACGT

CAAGTGGCCGAGCACGCTGACTAGCGAGTGCCGCTCCTTCCTACAGGGCC

TGCTTGAGAAGGACCCCGGTCTGCGCATATCCTGGACGCAGCTGTTGTGT

CACCCTTCGTTCGAGGACGCATCTTATGCCAGAAAGCAGCGAGGCGCAAG

GAATCGCCTTCACAAATCCGAAGCTAAGGTTAGTCGTCAA
Align Poor Seq 2 with other relevant sequences. What do you see and should you include Poor Seq2 in your contig consensus?






[1]

(e) To avoid even encountering the above problem during the merging process what should be done (given that individual sequencing runs can be of variable quality and every sequencing run will eventually deteriorate in quality as the sequence extends beyond 7-800nt)?

[1]

 (f) Your answer to (a) should have two contigs.  In a real project you will examine many more sequences and it is quite likely that your two contigs would eventually be connected just by continuing the merging process.  Imagine, however, that the two contigs remained unconnected at the end of merging many clones. What experiment could you perform to try to connect these sequences (you should be sure to explain where any key reagents come from)?


[1]
 (g) Imagine you are using whole genome shotgun sequencing as opposed to shotgun sequencing for just a single BAC. Merging sequences would probably initially produce a large number of reasonably long contigs.  For any pair of contigs you do not know how close they are in the genome.  What (in a real project of this sort) can you do to try and join some of these contigs together?











[1]
(h) Returning to the subject of connecting the two contigs in this question (sequencing a single BAC), let us imagine that we have two additional sequences, as below.  You should see that these sequences include some tandem repeats, here 25bp long so that you can see them easily (each line has 50nt (only one strand is shown).  
Seq7

TGCTTGAGAAGGACCCCGGTCTGCGCATATCCTGGACGCAGCTGTTGTGT

CACCCCTTCGTTGAGGGACGCATCTTTATCGCAGAAACGCAGGCGGAGGC

GGCCAAGGAATCGCCTTTCACAAATCCCGAAGCCAAGGTTAAGTCGTCAA

AACAGTCCGATCCGGAGGTAGGCGATCTGGACGAGGCCCTGGCCGCTTTG

GACTTTGGCGAGTCGCGACAGGAAAACTTGACCACCTCCCGCGACAGCAT

AAACGCCATTGCTCCCAGCGATGTTGAGCATCTTGAGACCGATGTGGAGG

ACAATATGCAACGTGTGGTCGTTCCCTTCGCGGACTTGTCCTACAGGGAT

CTGTCTGGTGTTCGGGCAATGCCGATGGTACACCAGCCGGTGATCAACTC

CATGCCAGGTACCTGATATTTAACCCATGCCAGGTACCTGATATTTAACC

CATGCCAGGTACCTGATATTTAACCCATGCCAGGTACCTGATATTTAACC

CATGCCAGGTACCTGATATTTAACCCATGCCA
Seq8-comp

GGTACCTGATATTTAACCCATGCCAGGTACCTGATATTTAACC

CATGCCAGGTACCTGATATTTAACCCATGCCAGGTACCTGATATTTAACC

CATGCCAGGTACCTGATATTTAACCCATGCCAGGTACCTGATATTTAACC

CATGCCAGGTACCTGATATTTAACCCATGCCAGGTACCTGATATTTAACC

ATTCCACCAATGAGGAAAAGCTGAGCAGCGACAACACTCCGCCGTGCCTG

CTCCCGGGGTGGGATAGCTGCGATGAATCCCAAAGTCCGCCCATCGAGAA

CGATGAGTGGCTAGCCTTCTTGAACAGATCGGTGCAGGAGCTGCTTGACG

GCGAACTGGACTCATTGAAACAGCACAACCTGGTGAGCATTATTGTGGCA

CCGCTGCGCAACTCCAAGGCCATTCCACGGGTACTCAAGAGTGTGGCCCA

GTTGCTGTCGTTGCCCTTTGTGCTGGTGGATCCTGTTTTGATTGTTGACC

TCGAGCTCATCCGCAACGTGTACGTGGACGTAAAACTGGTGCCCAATCTC

ATGTACGCCTGCAAGCTGCTCCTGTCGCACAAACAACTCTCGGACTCGGC

TGCCTCCGCCCCACTCACCACGGGTTCGCTCAGTCGAACGTTGCGTAGCA

Can you now merge the two contigs together CORRECTLY? Consider and explain carefully whether the merge you are drawing is necessarily correct. It will be very helpful to you if you were to draw each repeat unit as a box and unique sequence as a line in your diagram of the overlaps.










[1]

4. Massively parallel (second generation) DNA sequencing

(i) Just as conventional dideoxy sequencing requires a template to be amplified and purified to some degree (by PCR or cloning), 454 sequencing requires similar preparation.

(a) How is it that many (not all) beads are generated with initially only a single DNA template molecule attached (before amplification)?






[1]

(b) In the next step a single molecule attached to a bead is amplified by PCR.  How are the final products to be sequenced attached to the beads?





[1]

(c) Why is this method of amplification and purifying template an advantage over Sanger sequencing template production (assuming the products are in each case fine for subsequent sequencing)?










[1]

(ii) Why are sequencing reads longer with the 454 method (which uses pyrosequencing) than for the SOLiD method (which uses reversible terminators)?




[1]

(iii) Long stretches of a single residue (e.g. AAAAAAAAAAA) can be hard for 454 sequencing to ascertain correctly.  Explain why.







[1]
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