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Abstract:-Biology and computer science are two different sciences but both sciences are sister.In this research I intend to show 

that how biology is used in computation. In future, how biology is used to make enhancement in computer sciences. Use of biology 

in computer science is known as biological computation. Biological computation is a subfield of computer science and computer 

engineering using bioengineering and biology to build computers. One of them is DNA computing. DNA computing is a way that 

aims at harnessing individual molecules at the nano-scopic level for computational purposes. Computation with DNA molecules 

possesses interest for researchers in computers and biology. Due to its vast parallelism and high-density storage facility, DNA 

computing approaches are used to solve many problems. DNA has also been explored as an excellent material and a fundamental 

building block for building large-scale nanostructures, constructing individual Nano mechanical devices, and performing 

computations
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INTRODUCTION:-Every scientist knows that every 

computer which is based on silicon chips has a range of 

speed to perform task. So in future we need  

alternative of such computers to get high speed. Scientists 

have been searching alternative of silicon based computers 

to solve computational problems with a high speed. This 

research results into DNA  

Computing.DNA computing can be a new mile stone in the 

world of computer sciences in order to solve  

computational problems with a great speed. DNA 

computing is a method which can be used to solve  

computational problems with the help of biological and 

chemical operations on DNA strand. Adleman was the first 

researcher who introduces DNA computing. After him more 

researchers are motivated by the promising future of this 

area and start working on it. 

 

DNA:- DNA  stands for the deoxyribonucleic acid(DNA).it 

is the master molecule of every cell.it passes heredity from 

parents to their siblings. DNA act as the basic storage 

mediums for living cells. It stores the heredity traits. Slight 

change in DNA of living cells of multicellular organisms 

results into variations of characteristics of species. 

 

DNA Computation :- DNA computation, as the name 

implies, uses DNA strands to store information and taps the 

recombinative properties of DNA to perform 

operations.DNA computer uses the recombinative property 

of DNA to perform operations.The main benefit of using 

DNA computation to solve complex problems is that 

different possible solutions are created all at once. This is 

known as parallel processing. Humans and most electronic 

computers attempt to solve the problem one process at a 

time (linear processing). 

DNA itself provides the added benefits of being a cheap, 

energy-efficient resource.The structure of the DNA allows 

the elements of the problem to be represented in a form that 

is analogous to the binary code structure. Trillions of unique 

strands of DNA 

are able to represent all of the possible solutions to the 

problem. Some scientists predict a future where our bodies 

are patrolled by tiny DNA computers that monitor our well-

being and release the right drugs to repair damaged or 

unhealthy tissue. 

 

History of DNA computing:- This field was initially 

developed by Leonard Adleman of the University of 

Southern California, in 1994. Adleman demonstrated 

a proof-of-concept use of DNA as a form of computation 

which solved the seven-point Hamiltonian path problem. 

Since the initial Adleman experiments, advances have been 

made and various Turing machines have been proven to be 

constructible.  

While the initial interest was in using this novel approach to 

tackle NP-hard problems, it was soon realized that they may 

not be best suited for this type of computation, and several 

proposals have been made to find a "killer application" for 

this approach. In 1997, computer scientist Mitsunori 

Ogihara working with biologist Animesh Ray suggested one 

to be the evaluation of Boolean circuits and described an 

implementation.  

In 2002, researchers from the Weizmann Institute of 

Science in Rehovot, Israel, unveiled a programmable 

molecular computing machine composed of enzymes and 

DNA molecules instead of silicon microchips. On April 28, 

2004, Ehud Shapiro, Yaakov Benenson, Binyamin Gil, Uri 

Ben-Dor, and Rivka Adar at the Weizmann 

Institute announced in the journal Nature that they had 

constructed a DNA computer coupled with an input and 
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output module which would theoretically be capable of 

diagnosing cancerous activity within a cell, and releasing an 

anti-cancer drug upon diagnosis.  

In January 2013, researchers were able to store a 

JPEG photograph, a set of Shakespearean sonnets, and an 

audio file of Martin Luther King, Jr.'s speech I Have a 

Dream on DNA digital data storage.  

In March 2013, researchers created a transcriptor (a 

biological transistor).  

 

Why we need DNA Computing. 

Limitation of silicon based computers:- 

Conventional computer technology is based on silicon chips. 

Although silicon based computers have renovated the whole 

world from the start of computer age (1957 to till now). 

Since its invention, the whole advancement in siliconbased 

technology is according to the Moore‘s Law and is achieved 

by doubling the processing speed and memory capacity at a 

very high rate. These tasks of high speed and memory 

capacity have achieved by reducing the size of components 

on chip and placing large number of transistors on IC chips. 

On the other hand, due to this continually doubling the 

numbers of transistors on these chips, also reducing the size 

of these chips and increasing density will cause some 

serious physical problems in stable computing, in the next 

few years. Moreover, this technology is going towards its 

decay. This limitation of silicon based computers make 

mind of scientists and researchers to discover a new thing in 

world of computer. 

 

Advantages of DNA computing over Silicon 

based computers:- 

 

Speed:- ―the speed of any computer is based on two 

things: (i) how many parallel process it can done at a 

time‖,(ii) how many steps it can perform per second‖. The 

better point about biology is that these factors can be very 

large : for example a small amount of water contains near 

about 1022 molecules. These factors  are same among the 

DNA computing. DNA computing could potentially have 

vastly more parallelism that conventions ones‖. 

 

Large  memory capacity:- silicon chips have a extent 

up to which it can store. DNA provide extremely dense 

information as compare to silicon chips. One gram of DNA 

when  dry can occupy a volume of approximately one cubic 

centimeter, can store as much information as can by 

approximately one trillion CDs. 

 

Energy:-  DNA computers follow low power dissipation. 

Existing super computers can execute a maximum number 

of 109 operations per joule. But in compare of these 

computers DNA computers are very energy efficient. They 

can perform 2*1019(irreversible) operations per joule. We 

know that energy is a very valuable future. So, this 

characteristic of DNA computers can be very important and 

valuable. 

 

Combinational problems:-Experiment has proved 

that DNA computing are suitable for performing complex 

combinational problems, even until now it costs still several 

days to solve the problems like Hamilton path problems. But 

then key point us that Adelman‘s original and subsequent 

works demonstrated the ability of  DNA computing to 

obtain tractable solutions NP-complete and other hard 

problems. 

 

Clean, Chip And available:-  DNA computers are 

clean chip and available it is clean because we have not to 

use any harmful material to produce it and also no pollution 

generates. It is cheap and available because DNA easily 

found in nature while it is not necessary to exploit mines. 

We can get it from organisms and refine to use for DNA 

computers. This is one of the great performances of DNA 

computer.  

 

Problem with DNA computing:- 

 DNA computer takes much time to solve simple 

problems when compared to traditional silicon 

computers. 

 DNA computers take longer time to sort out the 

answers to a problem than it took to solve the 

sample problem. 

 Sometimes there may be an error in the pairing of 

nucleotides present in the DNA strands. 

 DNA computing requires quantity of DNA that can 

only be used once as reuse can contaminate 

reaction vessels and leads to less accurate results. 

 In some cases the type of genetic sequences that 

would have to be synthesized to make fully 

functional genetic robots would be expensive using 

current methods. 

 The DNA molecules can fracture. It means after 

sometime you are computing, DNA system is 

gradually converting into water.DNA molecules 

can break meaning a DNA molecule, which was 

part of your computer get fracture after a extent of 

time. 

 

How DNA computers works:- 

 DNA computing is basically designed for solving 

large mathematical problems. As we know that 

DNA computer works on the principal of 

parallelism. So it is effective to solve such type of 

problems. There is a no. of algorithms which can 

be implemented on DNA computing. These 

algorithms based on the dynamcic programming. 

 Graph connectivity and knapsack nare some 

classical problems which are solvable in this way. 

 DNA has a very unique data structure and has 

ability to perform a number of parallel operations 

at the same time. It provides a different point of 

view to look at computational problems. Transistor 

based computers are von Neumann machine that 

means CPU repeats the same‖ fetch and execute 

cycle‖ over and over. It fetches an instruction and 

suitable data from main memory and then execute 

it. But DNA computers are non von Neumann 

machines. These are stochastic machines. It 

approach computation in different manner from 



DOI: 10.18535/ijecs/v6i1.22 

 

Rajni, IJECS Volume 6 Issue 1 Jan., 2017 Page No.19972-19976  Page 19974 

regular used computers for solving different type of 

computational problems. 

 DNA computers are a type of bio-molecular 

computers. Such type of computers works at 

molecular level. Biological and mathematical 

problems have a lot of similarities. DNA encodes 

information for living organisms like animals, 

human being extra. It is stable and very predictable 

in its chemical reactions. That‘s why it suits 

properly to solve mathematical problems. 

 In DNA computers we do not use electric impulses 

for the representation bits of information. It uses 

the chemical properties of molecules. To get these 

chemical properties it examines the pattern of 

combination and growth of string. DNA computers 

use enzymes which are bio catalysts that can be 

considered as ‗software‘. Such so called software is 

used to execute the desired problem. 

 DNA computers uses its components that is acids 

A(adenine), C(cytosine), G(guanine) and 

T(thymine) in the form of memory units. When we 

use DNA computers for computation, then 

computation is taking down in test tubes. Input and 

output results are shown by the strands of DNA 

genetic sequences of these strands encode 

information. 

 To execute a program on DNA computer, a series 

of biochemical operations is executed. In there 

biochemical operations synthesizing extracting, 

modifying and cloning of DNA strands is done. 

 The main and basic difference between 

conventional and a DNA computer is the storage 

capacity. Electronic computers have only two 

positions either on or off but DNA computers has 

four positions(C, G , T, H). 

 To get answers of any problem each strand of DNA 

is concluded as we know that in DNA computers 

DNA strands represent information and every 

strand can represent a possible answer. In every 

experiment, DNA is checked/tested so that every 

conceivable answer of a particular problem can be 

included. 

 DNA molecules are bind together in predictable 

manner, so it gives us a powerful ―search‖ 

function. If experiment get success, then DNA 

computer ignore all wrong answers, except one or 

more molecules have right answers and further 

these molecules can work together. So we could 

therotically about 10 trillion calculations executing 

same time in a very little space. 

 It can be happen that a lot of possible answers are 

wrong but few may be correct.now the task is to get 

that which is the right one and remove all false by 

using restrictive enzymes. It is done by considering 

all the strands simultaneously to the series of 

chemical reactions. It tests the mathematical 

computation on electronic computers on every each 

possible answer. Once the reactions are complete 

reserarchers analyze the strands to find the answer. 

 

Experiments done in DNA computing:- 

In 1994, Adlemen was the first person who used DNA 

molecules to solve a basic version of the ―travelling 

salesman‖ problem.in this the task is to find the most 

efficientpath through several given cities. Adleman tells that 

the billions of the molecules in a single drop of DNA 

contained raw computational power that is much greater  

than silicon based computers.after it scientisits run it 

intotough practical and theoretical barriers and come to 

know that there may never be a computer which is made of 

DNA that can directaly rivals the silicon based computers. 

But it  does not means that scientists have given up. 

Computer scientists have not found a path which fresults 

computer from test tube to desktop. According to Adleman 

DNA computing is about surprising new combinations of 

biology and computer science that can push the limits in 

both fields- sometimes in unexpected directions. 

 

DNA tiles:- 

 

Next approach is given by Erik Winfree, a 30 year old 

scientist at california institute of technology in 1999. He 

creates nanoscopic building blocks out of DNA. These 

blocks not only can store data but also designed as sayed by 

Winfree ―programmed‖ to execute mathematical operations 

by fitting together in specific way.basically, DNA exist in 

the form of two intertwined strands having chemical letters 

A,G,C,T the familier double helix. But according to 

Winfree‘s DNA tiles are made by knotting together three or 

more than three of these strands, making ―tiles‖ about 

fifteen nanometers i.e billionths of a meter along the longest 

side. Using advantage of ability of DNA i.e selectively 

recognize other strands of DNA, Winfree has ―coded‖ edges 

of these tiles in such manner so that they can come together 

in just the right way to make tiny built-to-order structures. 

Programming DNA in this way could give chemists the kind 

of deft control ―that may allow them to build more complex 

structuree than any considered so far‖, says Paul 

Rothemund, a doctrol student in Adleman‘s USC lab. 

 

DNA Dominoes 
 

 Nadrian Seeman, was a chemist at New York University. 

He created cubes, rings , octahedrons and other unlike 

shapes from DNA Helix. Winfree saw a way Seeman‘s 

strange versions of DNA that could be used for 

computation. Winfree was inspired by the theory of Wang 

tiles. This theory was related to a bit of recondite 

mathematics related to the patterns that can be created using 

squares with  numbered sides. Just like dominoes, the 

numbers present on each side of Wang tile determinde 

which other tiles it is allowed to touch. Establishing these 

matching rules very carefully,complex and interseted 

patterns can emerge as more tiles added. But it is more than 

the game of mathematical dominoes. It is because these tiles 

carry both data and simple rules for making their 

combinations. In fact ,the right set of these hypothetical 

constructs you could, in theory, do anything an electronic 

computer can. Applying this strategy to DNA computingit 

could side step one of the fundamental problems as it has 

bedeviled the field from too much lab work. DNA 

computing is good at producing a vast number of answers 

quickly but things get slow down to find right answers. 



DOI: 10.18535/ijecs/v6i1.22 

 

Rajni, IJECS Volume 6 Issue 1 Jan., 2017 Page No.19972-19976  Page 19975 

DNA can produce a lot of answers in less time but most of 

them are repeated and most of them are in  correct. So the 

next task was to discard all the wrong and repeated answers, 

something that could be in jiffy pc but in Adlemens case it 

requireds a dozens of lab operations that is another time 

consuming step. The Dna tiles could solve these problem 

because DNA tiles follow simple rules to get correct 

answers.‖ideally you just put tiles in a test tube and get 

correct answers. Thom Labean a biochemist at Duke, Reif 

hopes to put the idea into practice by creating simple 

molecular abacus out Of DNA tiles. The main goal is to add 

binary numbers from zero to eight. With the genetic letters 

standing in for 0s and 1s, the team has designed sets of tiles, 

each represents a possible coulmn in an addition. Rules for 

combining coulmns correctly are coded into loose strands of 

DNA protruding from the sides of the tiles.  

If all goes well, the experiment will generate several trillion 

multi-tile structures each of which has carried out an orderly 

addition of three binary bits. 

Nanotech C++ 

The raw power of DNA computing keeps the field moving 

in spite of all the dauntical technical obstacles. Collabrating 

with Rothemund And Adleman at USC, Winfree aims to 

make a two-dimensional shape known as Sierpinski triangle. 

This triangle is named after the Polish mathematician who 

discovered it in 1915, the triangle is so complex and 

beautiful  fractual produced by repeating a simple geometric 

rule. The team plans to construct a real world version of the 

triangle in a test tube using only different dna tiles.each tile 

type is designed to carry out a simple program-to add itself 

to the growing shape or not, depending on the molecular 

cues provided byb the triangle‘s outer edge. 

In the hands of nanofabrication experts like NYU‘s Seeman, 

the DNA tiles could lead to easier methods to make exotic 

molecular structures-doing for nanotech what CAD and pre-

fab building materials have done for the construction 

industry. Seeman says that ―our expectation is that this 

approach can be applied to making designer materials and 

interesting patterns much more economically‖. 

 

The futrue 
DNA Manipulation technology has rapidly improved in 

recent years, and future advances may make DNA 

computers more efficient. 

The University of Wisconsin is experimenting with chip-

based DNA computers. 

DNA computers are unlikely to feature word processing, 

emailing and solitaire programs.  

Instead, their powerful computing power will be used for 

areas of encryption, genetic programming, language 

systems, and algorithms or by airlines wanting to map more 

efficient routes. Hence better applicable in only some 

promising areas. 

 

 

Conclusions :- 

DNA computing is at present on the ground of research. It is 

in the research of scientists. It can be milestone in the world 

of computer science. It may be possible that DNA 

technology can be integrated with more traditional 

approaches to create DNA/silicon hybrid architectures or 

with in soft wares. Since software is more flexible and 

suited to rapid adaption than hardware, we may see DNA 

computing benefits being implemented and exploited by in 

software first, leaving hardware to play catch up. 

 

 

1. References:-  "Molectronic Computer Shown 

by Texas Instr.", unknown publication, circa 1963, 

in Box 2, Folder 3, listed in Jack Kilby Papers: A 

Guide to the Collection, Southern Methodist 

University. [1]
[dead link]

. 

2.  ^ "Application-specific methods for testing 

molectronic or nanoscale devices" (filed April 1, 

2004), Patent US 7219314 B1. [2] . 

3.  ^ Adleman, L. M. (1994). "Molecular computation 

of solutions to combinatorial 

problems".Science. 266 (5187): 1021–

1024. Bibcode:1994Sci...266.1021A.doi:10.1126/s

cience.7973651. PMID 7973651. — The first 

DNA computing paper. Describes a solution for 

the directed Hamiltonian path problem. Also 

available here: [3] 

4.  ^ Boneh, D.; Dunworth, C.; Lipton, R. J.; Sgall, J. 

Í. (1996). "On the computational power of 

DNA". Discrete Applied Mathematics. 71: 79–

94. doi:10.1016/S0166-218X(96)00058-3. — 

Describes a solution for the boolean satisfiability 

problem. Also available here: [4] 

5.  ^ Lila Kari; Greg Gloor; Sheng Yu (January 

2000). "Using DNA to solve the Bounded Post 

Correspondence Problem". Theoretical Computer 

Science. 231 (2): 192–203.doi:10.1016/s0304-

3975(99)00100-0. — Describes a solution for the 

bounded Post correspondence problem, a hard-on-

average NP-complete problem. Also available 

here: [5] 

6.  ^ M. Ogihara and A. Ray, "Simulating Boolean 

circuits on a DNA computer". Algorithmica 

25:239–250, 1999. 

7.  ^ "In Just a Few Drops, A Breakthrough in 

Computing", New York Times, May 21, 1997 

8.  ^ Lovgren, Stefan (2003-02-24). "Computer Made 

from DNA and Enzymes". National Geographic. 

Retrieved 2009-11-26. 

9. ^   to:
a
 
b
 Benenson, Y.; Gil, B.; Ben-Dor, U.; Adar, 

R.; Shapiro, E. (2004). "An autonomous molecular 

computer for logical control of gene 

expression". Nature. 429 (6990): 423–

429.Bibcode:2004Natur.429..423B. doi:10.1038/n

ature02551. PMC 3838955 .PMID 15116117.. 

Also available here: An autonomous molecular 

computer for logical control of gene expression 

10.  ^ DNA stores poems, a photo and a speech | 

Science News 

11.  ^ Bonnet, Jerome, Peter Yin, Monica E. Ortiz, 

Pakpoom Subsoontorn, Drew Endy. "Amplifying 

Genetic Logic Gates". Science, volume 340, pages 

599-603, 2013. [6]. 

12.  ^ Amos, Martyn; et al. (2002). "Topics in the 

theory of DNA computing". Theoretical computer 

science. 287 (1): 3–38. doi:10.1016/s0304-

3975(02)00134-2. 

http://lib.texas.edu/taro/smu/00116/smu-00116.html
https://en.wikipedia.org/wiki/Wikipedia:Link_rot
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-2
http://google.com/patents/US7219314
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-3
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1126%2Fscience.7973651
https://dx.doi.org/10.1126%2Fscience.7973651
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/7973651
https://en.wikipedia.org/wiki/Hamiltonian_path_problem
http://www.usc.edu/dept/molecular-science/papers/fp-sci94.pdf
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-4
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1016%2FS0166-218X%2896%2900058-3
https://en.wikipedia.org/wiki/Boolean_satisfiability_problem
https://en.wikipedia.org/wiki/Boolean_satisfiability_problem
http://www.cs.tau.ac.il/~kempe/TEACHING/SEMINAR-LENS-SPRING08/boneh95DNAcomputational.pdf
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-5
http://citeseer.ist.psu.edu/kari00using.html
http://citeseer.ist.psu.edu/kari00using.html
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1016%2Fs0304-3975%2899%2900100-0
https://dx.doi.org/10.1016%2Fs0304-3975%2899%2900100-0
https://en.wikipedia.org/wiki/Post_correspondence_problem
http://www.csd.uwo.ca/~lila/pdfs/Using%20DNA%20to%20solve%20the%20Bounded%20Post%20Correspondence%20Problem.pdf
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-6
http://wwwcp.tphys.uni-heidelberg.de/comp-phys/handouts/Boolean2.pdf
http://wwwcp.tphys.uni-heidelberg.de/comp-phys/handouts/Boolean2.pdf
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-7
http://partners.nytimes.com/library/cyber/week/052197dna.html
http://partners.nytimes.com/library/cyber/week/052197dna.html
https://en.wikipedia.org/wiki/New_York_Times
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-8
http://news.nationalgeographic.com/news/2003/02/0224_030224_DNAcomputer.html
http://news.nationalgeographic.com/news/2003/02/0224_030224_DNAcomputer.html
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-shapiro_cancer_9-0
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-shapiro_cancer_9-1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3838955
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3838955
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3838955
https://en.wikipedia.org/wiki/Bibcode
http://adsabs.harvard.edu/abs/2004Natur.429..423B
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1038%2Fnature02551
https://dx.doi.org/10.1038%2Fnature02551
https://en.wikipedia.org/wiki/PubMed_Central
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3838955
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/15116117
https://web.archive.org/web/20131023055858/http:/www.wisdom.weizmann.ac.il/~udi/papers/automoleculcomp_nat04.pdf
https://web.archive.org/web/20131023055858/http:/www.wisdom.weizmann.ac.il/~udi/papers/automoleculcomp_nat04.pdf
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-10
http://www.sciencenews.org/view/generic/id/347702/description/DNA_stores_poems_a_photo_and_a_speech
http://www.sciencenews.org/view/generic/id/347702/description/DNA_stores_poems_a_photo_and_a_speech
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-11
http://science.sciencemag.org/content/340/6132/599
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-12
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1016%2Fs0304-3975%2802%2900134-2
https://dx.doi.org/10.1016%2Fs0304-3975%2802%2900134-2


DOI: 10.18535/ijecs/v6i1.22 

 

Rajni, IJECS Volume 6 Issue 1 Jan., 2017 Page No.19972-19976  Page 19976 

13.  ^ Braich, Ravinderjit S., et al. "Solution of a 

satisfiability problem on a gel-based DNA 

computer." DNA Computing. Springer Berlin 

Heidelberg, 2001. 27-42. 

14.  ^ [FR] - J. Macdonald, D. Stefanovic et M. 

Stojanovic, Des assemblages d'ADN rompus au 

jeu et au travail, Pour la Science, Template:N°, 

January 2009, p. 68-75 

15.  ^ Lewin, D. I. (2002). "DNA 

computing". Computing in Science & 

Engineering. 4 (3): 5–8.doi:10.1109/5992.998634. 

16.  ^ Shu, Jian-Jun; Wang, Q.-W.; Yong, K.-Y. (2011). 

"DNA-based computing of strategic assignment 

problems". Physical Review Letters. 106 (18): 

188702.doi:10.1103/PhysRevLett.106.188702. 

17.  ^ Shu, Jian-Jun; Wang, Q.-W.; Yong, K.-Y.; Shao, 

F.; Lee, K.J. (2015). "Programmable DNA-

mediated multitasking processor". Journal of 

Physical Chemistry B. 119 (17): 5639–

5644. doi:10.1021/acs.jpcb.5b02165. 

18.  ^ Wong, J.R.; Lee, K.J.; Shu, Jian-Jun; Shao, F. 

(2015). "Magnetic fields facilitate DNA-mediated 

charge transport". Biochemistry. 54 (21): 3392–

3399.doi:10.1021/acs.biochem.5b00295. 

19.  ^ Nayebi, Aran (2009). "Fast matrix multiplication 

techniques based on the Adleman-Lipton 

model". arXiv:0912.0750 . 

20.  ^ Science NewsFlexbile DNA computer finds 

square roots 

21. ^   to:
a
 
b
 Weiss, S. (1999). "Fluorescence 

Spectroscopy of Single 

Biomolecules". Science. 283(5408): 1676–

1683. Bibcode:1999Sci...283.1676W.doi:10.1126/s

cience.283.5408.1676. PMID 10073925.. Also 

available 

here:http://www.lps.ens.fr/~vincent/smb/PDF/weis

s-1.pdf 

22.  ^ Santoro, S. W.; Joyce, G. F. (1997). "A general 

purpose RNA-cleaving DNA enzyme".Proceedings 

of the National Academy of Sciences. 94 (9): 

4262–

4266.Bibcode:1997PNAS...94.4262S. doi:10.1073/

pnas.94.9.4262. PMC 20710 .PMID 9113977.. 

Also available here: [7] 

23.  ^ Stojanovic, M. N.; Stefanovic, D. (2003). "A 

deoxyribozyme-based molecular 

automaton".Nature Biotechnology. 21 (9): 1069–

1074. doi:10.1038/nbt862. PMID 12923549.. Also 

available here: [8] 

24.  ^ MacDonald, J.; Li, Y.; Sutovic, M.; Lederman, 

H.; Pendri, K.; Lu, W.; Andrews, B. L.; Stefanovic, 

D.; Stojanovic, M. N. (2006). "Medium Scale 

Integration of Molecular Logic Gates in an 

Automaton". Nano Letters. 6 (11): 2598–

2603.Bibcode:2006NanoL...6.2598M. doi:10.1021

/nl0620684. PMID 17090098.. Also available 

here: [9] 

25.  ^ Stojanovic, M. N.; Mitchell, T. E.; Stefanovic, D. 

(2002). "Deoxyribozyme-Based Logic 

Gates". Journal of the American Chemical 

Society. 124 (14): 3555–

3561.doi:10.1021/ja016756v. PMID 11929243.. 

Also available at [10] 

26.  ^ Cruz, R. P. G.; Withers, J. B.; Li, Y. (2004). 

"Dinucleotide Junction Cleavage Versatility of 8-

17 Deoxyribozyme". Chemistry & Biology. 11: 57–

67.doi:10.1016/j.chembiol.2003.12.012. PMID 15

112995. 

27.  ^ Darko Stefanovic's Group, Molecular Logic 

Gates and MAYA II, a second-generation tic-tac-

toe playing automaton. 

28.  ^ Shapiro, Ehud (1999-12-07). "A Mechanical 

Turing Machine: Blueprint for a Biomolecular 

Computer". Weizmann Institute of Science. 

Archived from the original on 2009-01-03. 

Retrieved 2009-08-13. 

29.  ^ Benenson, Y.; Paz-Elizur, T.; Adar, R.; Keinan, 

E.; Livneh, Z.; Shapiro, E. (2001). "Programmable 

and autonomous computing machine made of 

biomolecules". Nature. 414(6862): 430–

434. doi:10.1038/35106533. PMID 11719800.. 

Also available here: [11] 

30.  ^ Bond, G. L.; Hu, W.; Levine, A. J. (2005). 

"MDM2 is a Central Node in the p53 Pathway: 12 

Years and Counting". Current Cancer Drug 

Targets. 5 (1): 3–

8.doi:10.2174/1568009053332627. PMID 157201

84. 

31.  ^ Kahan, M.; Gil, B.; Adar, R.; Shapiro, E. 

(2008). "Towards molecular computers that 

operate in a biological environment". Physica D: 

Nonlinear Phenomena. 237 (9): 1165–

1172. Bibcode:2008PhyD..237.1165K. doi:10.101

6/j.physd.2008.01.027.. Also available here: [12] 

32.  ^ Seelig, G.; Soloveichik, D.; Zhang, D. Y.; 

Winfree, E. (8 December 2006). "Enzyme-free 

nucleic acid logic circuits". Science. 314 (5805): 

1585–

1588.Bibcode:2006Sci...314.1585S. doi:10.1126/s

cience.1132493. PMID 17158324. 

33. ^   to:
a
 
b
 Rothemund, P. W. K.; Papadakis, N.; 

Winfree, E. (2004). "Algorithmic Self-Assembly of 

DNA Sierpinski Triangles". PLoS Biology. 2 (12): 

e424.doi:10.1371/journal.pbio.0020424. PMC 534

809 . PMID 15583715. 

34.  ^ [13](Caltech's own article) Archived October 14, 

2011, at the Wayback Machine. 

35.  ^ Scaling Up Digital Circuit Computation with 

DNA Strand Displacement Cascades 

36.  [14] Online 

        37.Reserarch paper,‖ Humaira Department of 

Computer science The Islamia University of                                                           

Bahawalpur, Punjab, Pakistan blue_tulihb 

p1114@yahoo.com‖.  

 

 

https://en.wikipedia.org/wiki/DNA_computing#cite_ref-13
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-14
https://fr.wikipedia.org/wiki/Pour_la_Science
https://en.wikipedia.org/w/index.php?title=Template:N%C2%B0&action=edit&redlink=1
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-15
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1109%2F5992.998634
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-16
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1103%2FPhysRevLett.106.188702
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-ShuDNAGPS_17-0
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1021%2Facs.jpcb.5b02165
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-18
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1021%2Facs.biochem.5b00295
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-nayebi09_19-0
https://en.wikipedia.org/wiki/ArXiv
https://arxiv.org/abs/0912.0750
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-20
https://en.wikipedia.org/wiki/Science_News
https://en.wikipedia.org/wiki/Science_News
http://www.sciencenews.org/view/generic/id/330621/title/Flexible_DNA_computer_finds_square_roots_
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-weiss_21-0
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-weiss_21-1
https://en.wikipedia.org/wiki/Bibcode
http://adsabs.harvard.edu/abs/1999Sci...283.1676W
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1126%2Fscience.283.5408.1676
https://dx.doi.org/10.1126%2Fscience.283.5408.1676
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/10073925
http://www.lps.ens.fr/~vincent/smb/PDF/weiss-1.pdf
http://www.lps.ens.fr/~vincent/smb/PDF/weiss-1.pdf
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-22
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC20710
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC20710
https://en.wikipedia.org/wiki/Bibcode
http://adsabs.harvard.edu/abs/1997PNAS...94.4262S
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1073%2Fpnas.94.9.4262
https://dx.doi.org/10.1073%2Fpnas.94.9.4262
https://en.wikipedia.org/wiki/PubMed_Central
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC20710
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/9113977
http://www.pnas.org/content/94/9/4262.full.pdf
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-23
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1038%2Fnbt862
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/12923549
https://web.archive.org/web/20120401132040/http:/www.cs.duke.edu/courses/cps296.6/current/papers/SS03.pdf
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-24
https://en.wikipedia.org/wiki/Bibcode
http://adsabs.harvard.edu/abs/2006NanoL...6.2598M
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1021%2Fnl0620684
https://dx.doi.org/10.1021%2Fnl0620684
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/17090098
http://www.ece.gatech.edu/research/labs/bwn/nanos/papers/Medium_Scale_Integration_of_Molecular.pdf
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-25
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1021%2Fja016756v
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/11929243
http://www.dna.caltech.edu/courses/cs191/paperscs191/stojanovic_mitchell_stefanovic2002.pdf
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-26
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1016%2Fj.chembiol.2003.12.012
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/15112995
https://www.ncbi.nlm.nih.gov/pubmed/15112995
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-27
https://digamma.cs.unm.edu/wiki/bin/view/McogPublicWeb/MolecularLogicGates
https://digamma.cs.unm.edu/wiki/bin/view/McogPublicWeb/MolecularLogicGates
https://digamma.cs.unm.edu/wiki/bin/view/McogPublicWeb/MolecularAutomataMAYAII
https://digamma.cs.unm.edu/wiki/bin/view/McogPublicWeb/MolecularAutomataMAYAII
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-28
https://en.wikipedia.org/wiki/Ehud_Shapiro
https://web.archive.org/web/20090103224150/http:/www.wisdom.weizmann.ac.il/~udi/DNA5/scripps_short/index.htm
https://web.archive.org/web/20090103224150/http:/www.wisdom.weizmann.ac.il/~udi/DNA5/scripps_short/index.htm
https://web.archive.org/web/20090103224150/http:/www.wisdom.weizmann.ac.il/~udi/DNA5/scripps_short/index.htm
https://en.wikipedia.org/wiki/Weizmann_Institute_of_Science
http://www.wisdom.weizmann.ac.il/~udi/DNA5/scripps_short/index.htm
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-shapiro_29-0
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1038%2F35106533
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/11719800
http://www.technion.ac.il/~keinanj/pub/110.pdf
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-30
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.2174%2F1568009053332627
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/15720184
https://www.ncbi.nlm.nih.gov/pubmed/15720184
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-kahan08_31-0
https://en.wikipedia.org/wiki/Bibcode
http://adsabs.harvard.edu/abs/2008PhyD..237.1165K
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1016%2Fj.physd.2008.01.027
https://dx.doi.org/10.1016%2Fj.physd.2008.01.027
http://www.ece.gatech.edu/research/labs/bwn/nanos/papers/Towards_molecular_computers_that_operate_in_a_biological_environment.pdf
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-32
https://en.wikipedia.org/wiki/Bibcode
http://adsabs.harvard.edu/abs/2006Sci...314.1585S
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1126%2Fscience.1132493
https://dx.doi.org/10.1126%2Fscience.1132493
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/17158324
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-rothemund04winfree_33-0
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-rothemund04winfree_33-1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC534809
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC534809
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1371%2Fjournal.pbio.0020424
https://en.wikipedia.org/wiki/PubMed_Central
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC534809
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC534809
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/15583715
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-34
http://media.caltech.edu/press_releases/13284
https://web.archive.org/web/20111014075545/http:/media.caltech.edu/press_releases/13284
https://en.wikipedia.org/wiki/Wayback_Machine
https://en.wikipedia.org/wiki/DNA_computing#cite_ref-35
http://www.sciencemag.org/content/332/6034/1196.full
http://www.sciencemag.org/content/332/6034/1196.full
http://www.sciencemag.org/content/332/6034/1196.abstract
mailto:blue_tulihb%20p1114@yahoo.com
mailto:blue_tulihb%20p1114@yahoo.com

