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Most of these problems were taken from Math Minutes, written by Heyer and Campbell for their genomics textbook. The book’s website (http://wps.aw.com/bc_campbell_genomics_2/) provides many free electronic files that facilitate answering some of the questions. 

Biomathematics Problem 10
How can you build a gene from oligos?

In the new field of synthetic biology, students design and construct DNA devices that perform new functions inside cells. Many basic parts are available in the iGEM Registry of Parts (http://parts.mit.edu/registry/index.php/Main_Page) but some times, students will have to construct DNA parts with BioBrick ends used for standardized assembly. For example, there is a DNA component from Salmonella (called recombination enhancer, or RE) that enhances the activity of a Hin enzyme which inverts short segments of DNA. RE is 75 bp long, but you will need to add BioBrick ends to the 5’ and 3’ ends of the RE. The final construct should have this single-stranded sequence

5’GAATTCGCGGCCGCTTCTAGATTCGGGTGTCAACAATTGACCAAAATATCGATTTACAGCGTAATGCGCTTTCTAGTGCAAATTGTGACCGCATTTTACTAGTTGCGGCCGCCTGCAG 3’

where bold indicates the BioBrick ends flanking RE. An EcoRI site (G(AATTC) begins the BioBrick prefix and a PstI site (CTGCA(G) ends the BioBrick suffix. The full length of this DNA is 118 bp, which is too long to synthesize as a pair of oligonucleotides. Furthermore, you need to produce double stranded DNA (dsDNA) of complementary sequences. The final requirement is that you need this dsDNA cloned into a plasmid that has an EcoRI site upstream and PstI downstream. 
Questions
1. Design a series of oligonucleotides that when assembled will ligate into a plasmid cut with EcoRI and PstI. Keep in mind it is difficult to synthesize oligos >80 bases long and it is not cost effective to synthesize oligos shorter than 20 bases. 

2. Test your oligo set from question 1 above to determine the melting temperature of the overlapping portions of each annealing section. Do they have similar melting temperatures? What temperature would you use to anneal your oligos in order to build a dsDNA segment of RE? Use the equation below when calculating your melting temperatures:

Tm = 81.5(C + 16.6(log10[Na+]) + 0.41(%{G+C}) – (675 ( n) – 1.0m,

Where n = the number of bases in the oligo and m = percentage of bp mismatches. 

Assume [Na+] = 0.1 M. 

3. How will you clone your assembled dsDNA into the plasmid? The goal is to minimize your expense but still be able to clone the DNA. Oligonucleotides do not come with 5’ phosphates unless you pay a lot more  for the addition of a phosphate. Do you need to redesign your collection of oligos for question 1 in order to clone the dsDNA RE? 
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[image: image4.jpg]TABLE 4.2 « Data showing fold change (experimental + control) in mRNA production
for 12 hypothetical genes (C - N).

Name 0 hours 2 hours 4 hours 6 hours 8 hours 10 hours
gene C 1 8 12 16 12 8
gene D 1 3 4 4 3 2!
gene E 1 4 8 8 8 8
gene F 1 1 1 025 025 01
gene G 1 2 3 4 3 2
gene H 1 05 033 025 033 05
gene T 1 4 8 4 1 05
gene ] 1 2; 1 2 1 2
gene K 1 1 1 1 3 3
gene L 1 2 3 4 3 2
gene M 1 033 025 025 033 05
gene N 1 0.125 0.0833 0.0625 0.0833 0.125
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