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Abstract

Adleman’s illustration of molecular computing using DNA paved a way towards entirely
a new direction of computing. In DNA computing, the given combinatorial search space
is represented in the form of DNA space. The uniqueness of Watson-Crick base pairing of
DNA sequences leads to the formation of the long dsDNA molecules representing different
model solutions for the given combinatorial problem. Since millions of DNA molecules are
present in a small volume of DNA solution used, checking of all possible solutions is assured.
The optimal solution is then extracted from the pool of DNA solutions using the biochemical
processes. Thus, the exponential time complex combinatorial problem on a traditional
computer essentially turns out to be a separation problem involving a polynomial number of
steps in DNA computing experiments. Despite a promising concept, the implementations of
existing DNA computing procedures were restricted only to smaller size formulations.

In the present study, a DNA computer aided with nearest neighbor heuristics and iterative
implementation is developed to solve three short-term scheduling problems of multi-grade
polymer plant involving multiple feasible solutions. Subsequently, a new DNA computing
method is developed to obtain a significantly improved biochemical separation of correct
dsDNA from the pool of dsDNA. For this, a multi-stage circular structure formation and
digestion of dsSDNA molecules is used. The new methodology is used to solve a bigger size
Hamiltonian cycle problem involving 18 vertices. Further, the study is extended to design

universal logic gates (AND, OR and NOT) using DNA. A simple Boolean logic circuit
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involving all universal logic gates is solved using the developed DNA based logic gates

which opens the possibility of solving large size computation using DNA based logic gates.
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