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ABSTRACT

Thi,s research project ./ttcuse.s on D^iA computing u.\ing Slrolegies, ct v,idely accepte(l

tec:hnoloty,.for c'ontptrter uclvcrncement. It sintpll;reflecls (t t'unge o.f itlea.s within the discipline..

This presentcttion v'ill ./bcus on lhe cli//brent chrties ctncl ntocles in lhe rcrpidl.,- expanding

tec'hnical seclor that this invention htts made simpler. This v'ill encomposs the u,orkings ci'the

method. the cli/ferenl v,ut,s it coultl potentially be fiilizetl in prctctice. nnd Jilture possibilities

in the relevanl areo. This stur{1, tlescribes the v,hole colorJill proce,ss of'tloing the v,ork at the

moleculctr level. This encomposses ail the chctrctcteristics oncl uses relevctnt to this degree,

resulting in a ney' age in compltter s\:.\lems. DNA comptting presents enormolts opporhmilies

for solving clifficult computational problems because oJ'its grotrnd-breaking inc'orporation oJ'

biolog, ancl computer technolog. Dl\iA computing primarily mokes use of DlllA molecules'

exceptional informalion processing oncl storage capabilities.. The technology, consists o.f

embedcling clata insitle Dl'lA setluences nnd ttsing transcription and Dl{A replication, lv,o

biological proces:;es, to do contptttctlions in pcrollel.. The capctcity of Dl{A comptiing to tlo

mossit,ely simultaneous tasks hus'ctllov.'ed./br the solulion o-/'many tlifficult or dfficult problems

thcl v,otld be inconceivable to tctckle u,ith traditional computcrtionrtl techniclues. This is one of

the mo,st interesting ./batures of DllA c'omputing. In crclclition. the intrinsic scolubility and

energy ef/iciency o/' Di{A-basetl systems suggest promise .for fu('illing ino'eu.sing

computrttionol demancls in on era mcrrketl b.v the proliferution o-f dala and resource constraints.

Key words: DNA, HPP: Deo4,ribonucleic acid, Hamiltoniun Puth Problem.

INTRODUCTION

Considering the imporlance of DNA molecules in computation. DNA computing is an

interdisciplinary field of study that is growing rapidly. The creation of a biologically inspired

DNA computer that can one day replace silicon-based computers or at the very least operate

well in conjunction with them is one of the main objectives of this branch of study. since R.

Feynman's 1964 proposal for building a computer from molecules. It took twenty years to finish

Adleman's proof of principle in 1994 that DNA molecules may utilize a biological process to

solve an NP problem of the Hamiltonian Path Problern (HPP). DNA was the main information

storing material used by all living organisms.

The primary,' function of DNA is to transf'er and store life's knorvledge throughout millions of

years. Approxin,ately 10 trillion DNA molecules mar be contained in an area the size of a

marble. It is theoretically possible to calcurlate l0 trillion tirnes in a tinir area at once because

Vol-15 NO;l Special Issue-03 April(2024) UGC CARE Journals 70



,lournllofNonlineorAnalysisttlldoptimiz,ation:Theory'&ApplicotionsISSN.l906-9685

rr11 0f these molecules have simultaneolls data processin-e capabilities. Molecular computing is

the tenn used more fiequently to refer to DNA compLlting. This is a multif-aceted sub'iect that

includes mathematics, biology. chemistry. and computer science' Computing 1vith DNA offers

a completely new paradigm for computation. Encoding data in the form of DNA strands' which

are subseqnently modifled in an incubator using molecular biolog,v methods known as "bio-

.-,perations,, to mimic arithmetical and logical operations. is the basic notion behind DNA

computing. lt is thought that 101 8 DNA strands together can fttnction 104 times faster than the

most po\,verful supercomputer on sale today'

\1ier then. DNA computing has become the subject of significant cross-disciplinary study'

T*c elementary domains of research in DNA computing were distinguished by Rozenberg et

al. (1999): (i) the theoretical domain, which deals with models' algorithms' and paradigms for

DNA computing: and (ii) the experimental domain. which plans lab tests to assess the

t-easibility of biochemical processes. while more work remains to be done in order to adapt the

DNA algorithm to practical problems, Scientists are eager to model and test the solution in a

casestudli,neveftheless.inordertodisproveDNA'sfundamentallirnitation'Thesedays'alot

of active research groups are digging into this topic' creating models and running lab tests'

parlicularly when it comes to the barriers to biochemical survival' In an effort to conquer

technical or application-related obstacles. other teams are developing DNA computers and

algorithms.

The paper is structured as follows generally. Section I provides a summary of the research

topic. ln this section. we give a quick definition of DNA computing' Section 2 u"ill discttss

DNA computation techniques used in molecular biology for DNA processing in order to

improve knowledge of a DNA computing methodology'

1. The DNA Molecule

Deoxyribonucleic acid is often referred to as DNA. DNA molecules are polymers made of

nucleotide monomers. To the reasons we have' these have a very basic structure that

encompasses three separate components: phosphate, sugar' and base' The four different bases

are identified as adenine, guanine. cltosine, and thymine' or A' G' C' and T' respectively' Since

the only thing that diff-erentiates nucleotides is their base' we can identify them by introducing

"G nucleotides" or similar base abbreviations'

Simply put, a single strand DNA fragments contain chains of nucleotide that possess a sugar-

phosphate
,,backbone,, that establishes a potent ionic link that connects two recurrent
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nlrcleotides. Chemical convention assefts that everl'single strand has a 5 and a 3 end. meaning

that every individual thread has an original configuratior,. The Watson-Crick alignment of

sequences is the most fundamental aspect of DNA.

When distinct strands are joined together. bases are pr-rlled to one other in combinations; for

example. A bonds r,vith T and G joins ivith C. Consequentlv. it is common to referto the pairs

(A; T) and (G: C) as complimentary'base pairs (Fig.2).DNA develops its ty'pical double helix

lvhen the tr,vo separate strands join together (Fig.l). Tr,vo hydrogen bonds are created between

the tr,r,'o base pairings. trvo among A and T. and three betrveen G and C. [n order for an idea to

materialise. the subsequent conditions mLrst be satisfied: In the first stage. the threads must be

complimentary. and in the next phase, they need to possess diff-erent polarity.

Fig.l Double Helical DNA's structure

2. DNA Operations

Each DNA computational framework delivers a pafticlllar set of biological reactions on an

accumulation of strands. Cellular biologists use all those techniques often. Keep in mind that

certain DNA computation models require computations.

2.1 . lntegration

A device ror.rghly that's the equivalent of a microwave oven is capable of synthesising

oligonucleotides on demand. The four nucleotide bases in solution are given to the synthesiser.

and they are combined with each other in accordance with a sequence which the user selects.

Millions of copies of the appropriate oligonucleotide can be generated by the tool and then

added to solution in an extremely small via[.
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Fig.2 Detailed picture of DNA Strand

1.2. Annealing, ligation" and denaturing

\\'hen the doLrble-stranded DNA is subjected to a temperature that depending on the strand,s
make-up, it may break down into single strands. a phenomenon known as denatured DNA.
The hydrogen bonds that are divicling complernentary srrands are ruptured by heating (Fig.3).
Considerin-e the strands are unaffected b,v this process because the hydrogen bonds that hold
strands together are far weaker than the covalent connections that hold strands together. Since
the connecting link of a G-C pair r,vhich is joined by three hydrogen bonds. lt is crucial to
consider this factor while constructing sequences that represgnt computational units.
Annealin-Q is the counterpart of melting: it requires cooling a solution of inclividual strands so

that complementary strands can stick to one another (Fig.3).

_t' G-G-A.-'Ir-A"-G-C_T_G_G_T-A 3'

t:triiliii:

]. C.C-T-A.IT-C-G-A-C-C.A.T 5'

Anneahng pr<x*ot*d

by c.ockng s*luhcn

Denatunng promated

by heatr*g sill$tio$

\
5' G-G-A-T-A_fi -C-T_G_{i-T-A 3.

], C-C.T-A-T:C.G-A.C.C-A-T 5'

Fig.3 Annealing and Denaturing
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2.3. The division of hlbridization

In DNA computation. separation b1' hybridization is an ordinarl' method that involves

removin-u all single strands carrving a certain shoft sequence (e.g.. extract all strands bearing

the sequence TAGACT) fiom a test tube. We must first make mLrltiple copies of the sequence's

colrnterpaft in order to extract individLral strands bearir-rg the sequence x. We affix a biotin

molecule I to these oligonr-rcleotides. and it eventually binds to a flxed matrix. Strands with x

will become annealed to the anchored complementary strands if the contents of the test tube

are poured over this matrix. Only the strands carrying x remain after washing the matrix to

eradicate any strands that did not anneal. The matrix may then be cleared of them.

2.4. Gel Electrophoresis

One major techniqrie for distinguishing DNA strands by'size is gel electrophoresis. The motion

of molecules that are charged in an electrical tleld is known as electrophoresis. DNA rnolecules

gravitate towards the positive pole in an electrical field because they are charged negatively.

The shape and-electric charge of a molecule determine hor,v rapidly it mfurates in an aqueous

solution. The molecules of DNA flou, in the same direction in an aqlleolls solution because

they all have identical charges per unit length. Hou'ever. the size of a molecule may influence

the speed at which it travels if electrophoresis is performed on a gel. r,vhich is often made of

agarose. polyacrylamide, or a combination of the two.

2.5. PCR and primer extension

The DNA polvmerases perfom a variety of tasks. including duplicating and repairing DNA.

When nr.rcleotide triphosphates are present" the polymerase will only expand the prirner

oligonucleotide p (always in the 5 * 3) direction) if and only if it is joined to the larger

template oligonucleotide" t. A lrequent obstacle in DNA computation is reading out the final

ans\\'er to a problem encoded in a DNA strand. since laboratorv procedures can result in a very

diluted solution. The PCR method addresses this "needle in a haystack" problem by

substantially (exponentially) multiplying any desirable molecules existing in the solution.

causing the volume of the solution to "visibly" gror,v. Conseqr.rently. the problems with

detection are addressed.
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Cycle:1-

Fig 4: PCR Cycte

2.6 Restriction Enzymes

Often tenned restriction enzymes. restriction endonucleases are seqllences of DNA that are

knou'n as restriction sites. At that point. the enzyme cuts any double-stranded DNA containing

the restriction site beneath its structure. Researchers \,vere able to separate gene-containing

fragrnents and recombir-re them w'ith other molecules of DNA, or clone genes, because the

enzymes could precisely cut DNA at ceftain spots-. Since the names of the enzymes originate

from the genus, species. and variant identities of the bacteria that create them. Escherichia coli

strain RY 13 is the producer of the restriction enzyme EcoRI. In concept, restriction enzymes-

vvhich have the capability of determining sequences-evolved throu-eh an identifiable origin

protein through processes which includes genetic recombination and gene amplification.

3. Literature Survey

a Through his 1994 experiment. "Adleman" established the constant length based

methodology for illustrating the distances betr,veen two cities. However, Adleman failed

to identify the arcs in this experiment that indicated the distances between the cities.

Although Adleman's model was updated in 1995. no data concerning distances between

cities at the time r,vas added. The f-rrst models that manage data or labels on arcs \\,ere

invented by Narayanan and Zorbalas in 1998 during tackling a w-eighted graph problem.

In addition to communicate information abbut arcs, "Narayanan and Zorbalas" suggested

that use constant-based length when expressin-e the distances between cities. By using this

method, the 3-mer of DNA at distance I and the corresponding data at distance 2 as 6-mer

DNA. for example. will be presented. Consequently. shorler DNA strands will present a

shorter distance and longer DNA strands a longer one. At the conclusion of the process.

the optimal resolution to the problem will be presented by the shoftest strand.

a

ni
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r "lbrahill et al." have proposed an inventive method to o\ercome the constant-propor-

tional length-based disadvantage: the direct-proporlional lenglh-based strategy. The cost

of an edge is encoded trsing this methocl using a clirect-proportional length olig6s.

o After the flrst pool generation and amplification. a number of riable candidates are

generated. Using standard 
-biomolecular laboratorl techniqr-res. the ideal combination

indicatin_r{ a solution to the shoftest path problem can be extracted.

o "Yamamoto et al." suggested utilize concentration control in 2000 to resolve the weighted

graph problern. DNA concentrations serve as input and offer data in this technique since

they are used to influence chemical reactions. Yamamoto et al. conjectured that this

strategy can reduce the experirnent operating expenditures in the DNA computing
detection procedure since it only requires the extraction ancl anali,sis of bancls with a
reasonable intensitl'. This method sets the conceptrations of complementary

oli-eonucleotide encoding vefiices to the same values as given. then computes the relative

concentration Dij of each oligonucleotide encoding edge | --- j with cost cij.
o "Lee et al'" presented a novelencoding method in 2004 thaluses temperature gradients to

address r'veighted graph problems. Costs are expressed using the fixed-length DNA strand

rnelting temperature approach. N4ore affordable solutions \\,ere produced by lower melting
temperatures. which also led to cheaper costs. E,verl'citv sequence contributed equally to
path stability because the melting temperatures were constant. Road sequences connecting

the cities were constrr.rcted based on expenses and the cities bf depafture and arrival. The

never-ending pursuit of the best solution demonstrates how, technical and application
difficulties can be addressed in this discipline.

o [n 2021. homomorphic encryption techniques are used in a system architecture presented

by Michael Johnson and Emily Davis. Homomorphic encryption maintains privacy by

enabling computationsll l] to be done directly on encrypted data. Verifiable computation

techniques are employed by the system to provide data integrity tests without disclosing

the actualdata. Cryptographic techniques ancl zero-krowledge proofs are used to provide

safe data retrieval and verification.

o David Lee and Jessica Thompson offer a s)'stem design in202l that combines cloud data

storage and ABE. Data is encrypted using ABE. and access policies are linked to the

encry'pted data. Users are given traits. and those that match are used to grant access to the

encrypted data. To control encryption keys and implement access controls. the system

makes use of a key management architecture.

Vol-15 NO;l Special Issue-O3 Apdit(2029 UGC CARE Journals 76



Journul o-f Nonlineur Analt'sis untl optindzcrtion: Theory & Applications ISSN-1g06-g6g-5

Sarah Johnson provides an extensive analysis of the literature ancl studies on DNA-based
data storage in 2022' It examines the state of the art at the moment. coverins reaclout
technologies. encoding schemes. s)'nthesis approaches. ancl error correction tactics. The
limits and possible uses of DNA-based data storage are also covered in the article.
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Author- Year Technique used Distinguishable

Features studied
1994 length- based paradi_em

separations between

two cities

Showing the

1 998 optimal way to

determine the

distances between

two cities will be

represented by the

strand that is the

shortest at the

conclusion of the

process.

The

Bands with -a
reasonable intensity

can reduce the costs

associated r,vith

running the

experiment for the

DNA computing

detection proc.ess.
Lee et al 2004 City sequences had

consistent melting

temperatLlres. each

contributed equally

to path stability
MichaeI Johnson

Emily Davis

2021 Homomorphic encryption

technique

Homomorphic

encryption allows
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computations to be

perfomed on

encrl'pted data

directly. preserving

privacl,

David Lee, Jessica

Thompson

2021 integrates ABE with cloud data

storage

The s)'stem utilizes a

k.y management

infiastructure to

manage encryption

ke1's and enforce

access policies

Sarah Johnson 2022 Encoding techniques, synthesis

methods. readout technologies.

and error correction strategies.

Discusses potential

applications and

lirTritations of DNA-

based data storage.

CONCLUSION

The study focus on the most recent advances in the field of DNA computing research. We also

' looked over some recent techniques and atgorithms reeentlv developed in the fielcl of DNA

computing. These techniques have been used recentll, by DNA computing researchers to

address industrial and computational challenges. Nonetheless, some academics are focused on

creating innovative methods in wet technology. DNA technology have advanced dramatically

during the past ten years. both theoretically and practically speaking.

ln conclusion, one of the most recent and fascinating fields for research is DNA computing.

Numerous potential exist for extending and modif5ring DNA functions and properlies to

address practicalproblems. parlicularly in industrial.engirreering and issues w,ith management

en-eineering. Given all of the benefits that DNA computing offers. it ought to emerge as a viable

solution to the problems that the silicon computer of today faces. Nevertheless" there are still

several barriers to applying this approach to engineering challenges as of ri_qht now,.
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