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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 dsDNA 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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DNA W Intermediate output of the Boolean circuit

DNA X Intermediate output of the Boolean circuit

DNA Y Intermediate output of the Boolean circuit

DNA Z Final output of the Boolean circuit

DNA Deoxyriiiibose nucleic acid

dNT P deoxyribose Nucleoside triphosphate



Nomenclature xxv

dsDNA double stranded DNA

DT Due Time

E(t, i,z) Extraction operator where t represents the sequences of tube, an ith bit of variable

string x1 x2 x3 . . . xn is equal to z ∈ {0,1}

E Edge

EDTA Ethylenediaminetetraacetic acid

EtBr ethidium bromide

F Forbidden sequence

G Guanine

GC content Amount Guanine and Cytosine present in the DNA sequence

HPP Hamiltonian Path Problem

I initiator DNA sequence for solving maze

Ip
1 Makespan

l and l loop and its complementary sequence for solving maze

L and LV length of DNA sequence

MFE minimum free energy

min time in minutes

min(I1) minimize the makespan

N number of vertices



xxvi Nomenclature

NE ssDNA sequences of all edges

NV ssDNA sequences of all vertices

nσ( j) total number of orders to be produced in unit j with the sequence σ( j)

NP Non polynomial

Oi Order, i = 1, 2, 3 . . . N

Pi position of the vertex (i = 1, 2, 3, . . . , n)

PCR Polymerase Chain Reaction

POi forward primer sequence corresponds to ith order

PTU1−4 Processing Time of extruder 1 to extruder 4

RNA Ribonucleic acid

RT Release Time

st and st stem and its complementary sequence for solving maze

SAT Satisfiability Problem

sec time in seconds

ssDNA single stranded DNA

T Thymine

th and th toehold and its complementary sequence for solving maze

t
′
h and t ′h initiator and its complementary sequence for solving maze

tc
i, j sequence-dependent changeover time



Nomenclature xxvii

t p
i, j Processing time of order, i, in processing unit j

tr
i Start release time of ith order

ts
i Start release time of ith order

t
′
i ti−1 − ti (i = 1, 2, 3, . . . , n)

T BE Tris Borate EDTA

T SP Travelling Salesman Problem

Ui Extruder, i = 1, 2, 3 . . . N

V Vertex

v variable DNA [v ∈ A, T, G, C]

Vf Final ( f th) vertex

Vi Starting (ith) vertex

V c
i ith vertex having value c [(i = 1, 2, 3, . . . , n) and c ∈ 0, 1]

xi ith variable of SAT problem represented by 1 (i = 1, 2, 3, . . . , n)

Y Hairpin DNA corresponds to vertex for solving maze

YEn Entry DNA sequence for solving maze

YEx Exit DNA sequence for solving maze

Z Hairpin DNA corresponds to edge for solving maze
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