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Abstract 
 

There is a growing demand of storage devices in the world. So, there is a need 
to develop alternate data storage devices that can confer the growing demands 
of people. Thus, the concept of DNA data storage is being evolved. In this 
mechanism, first the given information is converted into machine language, 

which is further converted into the DNA language of A, G, C and T. DNA is a 
highly compact molecule and according to a research by Harvard University, 
one gram of DNA can store up to 700 terabytes of information. DNA 
computing offers large storage capacity along with high accuracy of data 

retrieval, so there is no doubt in the fact that DNA computing can possibly, in 
the near future, serve as one of  the best alternatives for electronic storage 
devices. In this paper, we have developed the programs that can be used to 

convert text data into the DNA language and vice versa. We have designed a 
number of programs using different logic and assumptions. In order to select 
the best program which is reliable and cost effective, we compared all the 
programs on the basis of compilation time and time complexity.  

 

 

Introduction 
DNA is basically a long molecule that codes for various activities of a cell. It also acts 
like a storage device which passes and transfers information to the new cell during the 
process of cell division. A DNA is a macromolecule composed of two strands of 
polynucleotides that are complementary to each other (Watson and Crick, 1953). Each 
polynucleotide is composed of four nucleotides (A, G, C and T) which are joined 
together by phosphodiester bonds. Each nucleotide consists of a nitrogenous base, a 
deoxyribose sugar and a phosphate group. 
 

                    Adleman described how DNA can be used as a computational system 
(Adleman, 1994). This was the first instance where DNA was used as a tool to solve a 
computational problem. Since then, DNA is perceived as a potential device for 
storing information that can replace current electronic storage devices. After 
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Adleman’s experiment, many scientists proposed and suggested various methods and 
techniques. Roweis proposed the method of stickers for DNA computing (Roweis et 
al 1999). Similarly, Schimdt worked on DNA computing using single-molecule 
hybridization detection (Schmidt et al, 2004). 
 

Research groups like Allenberg and Rotstein came up with a coding method for 
archiving text, images and music characters in DNA (Allenberg and Rotstein, 2009) 
but their method could not code for all ASCII numbers. Recently, two groups of 
scientists managed to encode all the 256 symbols (Church et al, 2012) (Goldman et al, 
2013). Church and his group assigned binary digit 0 to A/C and 1 to G/T. They used 8 
nucleotides for every 1 byte of information. This method was not efficient and it 
required high memory utilization. Similarly, Goldman converted the ASCII numbers 
in to base 3 which meant 5 nucleotides per byte of information; the same nucleotides 
at adjacent place were avoided. But this resulted in different codes for same 
character/symbol.  

In this paper, we have designed several programs to store and retrieve data from 
DNA. All possible programs were compared to find the most efficient method of 
storing and retrieving data. 

The ASCII values of all characters in the sample data were first converted to 
binary/quaternary/ternary/octal form and then converted to A,T,G and C, the four 
nitrogenous bases. Similarly, we  converted information stored in DNA back to the 
sample data. 
 

The programs were designed keeping in mind various logics and assumptions. All 
programs were designed to work for all the ASCII values. We used various 
methodologies to convert text data into DNA language, for example, in one case we 
assumed 1 byte = 4 nucleotides, which means that each character mentioned in the 
ASCII table will be represented by four nucleotides of DNA. The ASCII value of 

character ‘A’ is 65, we converted that to binary i.e. 01000001 and we assigned 
nucleotide A for 00, G for 01, C for 10 and T for 11. So, A was converted to GAAG 
in the DNA language. We thus made different programs with different assumptions. 
The programs which we designed are:  

a) 1 byte = 4 nucleotide (Binary). In this case, we converted the text data (ASCII 

value) into binary and then binary to DNA language. And the retrieval from 

the DNA language to text was done by performing the above steps in the 

reverse order. Assumptions: - 00 A, 11 T, 01 G, 10  C. 

b) 1byte = 4 nucleotide (Quaternary). In this, the text (ASCII value) was 

converted into base 4 (i.e. quaternary) and then it was converted to the DNA 

language. Assumptions: - 0 A, 1 G, 2 C, 3 T. 

c) 1byte = 5 nucleotide. In this, the text was converted to the base 3(i.e. ternary) 

and then to DNA language. Assumptions: - 0 G, 1 A/T, 2 C. 

d) 1byte = 6 nucleotide (Math’s Method). In this, ASCII value of each character 

of the data was directly converted to DNA language by using a mathematic 

formula.  
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e) 1byte = 6 nucleotide (Triplet Method). In this ASCII value of each character    

of the data was directly converted to DNA language by taking further 

assumptions. Assumptions: - 0 AA, 1 TT, 2 GG, 3 CC, 4 AT, 5 

AG, 6 AC, 7 TA, 8 TG, 9 TC. 

f) 1byte = 8 nucleotide. In this the text (ASCII value) was converted into binary 

and then to the DNA language. Assumptions: - 0 A/T, 1 G/C. 
     We prepared a table(Fig 1 and Fig 2) in which all the programs were compared 

on the basis of time complexity and compilation time.The time complexity of 
an algorithm is the amount of time taken by an algorithm to run as a function of the 
length of the string representing the input. The time complexity, commonly expressed 
by big O notation, excludes coefficients and lower order terms, Whereas compilation 
time is the period of time during which translation of program’s source code to 
executable code occurs. The observations were recorded in a table and the graphs(Fig 
3 and Fig 4) were plotted. 

 

 

Results 
 

Data To DNA 

Best program in terms of         

 Time Complexity :- 6 nt (triplet method) 

Compile Time :- 6 nt (maths Method) 

No of nucleotide per byte :- 4 nt (Binary) , 4 nt (Quaternary) 

 

DNA To Data 

Best program in terms of         

 Time Complexity  :- 6 nt (maths Method)  

 Compile Time   :- 4 nt (Binary) 

No of nucleotide per byte :- 4 nt (Binary) , 4 nt (Quaternary) 

 

 

Discussion 
According to our observation, the program with the assumption of 1byte = 6 

nucleotide is the most preferred program for the text to DNA conversion and vice 

versa. Based on the compile time and time complexity, this is the best suited program 

and it can be the most cost effective program for conversion of machine language to 

DNA and vice versa in future. The less time complexity of this program suggests that 

it is time efficient and the data conversion will occur faster than the other programs 
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Supplementary Materials 

  
S.

No 

Description Time 

Complexity 

f(n) 

Time 

Complexity 

O(n) 

Compile Time 

(comparative) 
Memory 

1 4 nt(Binary) 40n + 1 O(n) 2.20 s 1 byte = 4 nt 

2 4 nt 

(Quaternary) 

28n + 1 O(n) 2.33 s 1 byte = 4 nt 

3 5 nt 37n + 1 O(n) 2.20 s 1 byte = 5 nt 

4 6 nt (maths 

method) 

33n + 3 O(n) 1.33 s 1 byte = 6 nt 

5 6 nt (triplet 

method) 

14n + 1 O(n) 2.23 s 1 byte = 6 nt 

6 8 nt 60n + 1 O(n) 2.63 s 1 byte = 8 nt 

 

Figure 1: Program details (DNA to data) 

  
S.

No 

Description Time 

Complexity 

f(n) 

Time 

Complexity 

O(n) 

Compile 

Time 

(comparative) 

Memory 

1 4 nt(Binary) 35n + 2 O(n) 2.11 s 1 byte = 4 nt 

2 4 nt 

(Quaternary) 

30n + 2 O(n) 2.70 s 1 byte = 4 nt 

3 5 nt 37n + 2 O(n) 2.13 s 1 byte = 5 nt 

4 6 nt (maths 

Method) 

12n + 1 O(n) 2.11 s 1 byte = 6 nt 

5 6 nt (triplet 

method) 

45n + 2 O(n) 2.23 s 1 byte = 6 nt 

6 8 nt 59n + 1 O(n) 2.34 s 1 byte = 8 nt 

 

Figure 2: Program details (data to DNA) 
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Figure 3: Time Complexity Comparison 
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Figure 4: Time Complexity Comparison 
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