
Fragment Assembly of DNA (Ch 4 of Setubal and Meidanis)Goal: Sequene DNA of length 30,000 to 100,000 base pairsProblem: Can only sequene DNA of length less than 700 base pairs.Solution: Break the long DNA sequene into 500 to 2000 fragments oflength 200-700 base pairs, sequene these shorter fragments, and use dis-rete mathematis to determine the sequene of the original long piee ofDNA.We will illustrate this proess with an example. Note, however, the prob-lem and tehniques have been greatly simpli�ed and altered from atualpratie.Example 1:The DNA sequeneAGACCGCGTATAGCATCAGCATGACGCGTAGCACTAis randomly broken into the following 5 pieesAGACCGCGTATAGCGTATAGCATCAGTAGCATCAGCATGACGCGTGCGTAGTAGCACTAIn order to sequene a long piee of DNA, it must be ut into many smallerpiees. These smaller piees are then sequened. The order of the smallerpiees within the longer original piee must then be determined in order todetermine the sequene of the original longer piee of DNA.Suppose you did not know the original DNA sequene, but you did knowthe sequenes of the 5 piees. Could you reonstrut the original DNAsequene?
1



We an onstrut a direted graph as follows:i.) The verties represent the DNA pieesii.) If there is an overlap between the end of piee A and the beginning ofpiee B, then an ar is drawn from piee A to piee B.iii.) Eah ar is given a weight orresponding to the length of the overlap.AGACCGCGTATAG
CGTATAGCATCAG TAGCATCAGCATGACGCGT

GCGTAG TAGCACTATo �nd the original DNA sequene, we look for a Hamiltonian path (aHamiltonian path is a path that visits eah vertex exatly one). We willassume that the Hamiltonian path with the largest sum of ar weights or-responds to the orret sequene. You an read more about how fragmentassembly is really done in Ch 4 of Setubal and Meidanis.
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Fragment Assembly of DNA Homework1.) Draw the direted graph orresponding to the following fragments.Find a Hamiltonian path with the largest weight sum. Use this path todetermine the sequene of the original DNA sequene. Is there more thanone Hamiltonian path with the largest weight sum?AGCAGTAGGAGCGATAGTCGTAGGATCACAG2.) Draw the direted graph orresponding to the following fragments.Find a Hamiltonian path with the largest weight sum. Use this path todetermine the sequene of the original DNA sequene. Is there more thanone Hamiltonian path with the largest weight sum?ACTGGATTATTATGTGTTTTAACTTTCTACT3.) To �nd the original DNA sequene, what are you looking for (i.e., whatkind of graph theory problem is this?)?4.) Is the solution always unique?5.) How is this problem similar to and di�erent from the traveling sales-person problem?
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