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Abstract: DNA is the world's oldest data storage device. The technology to read and write DNA has become common place
since bacteria were first genetically engineered in 1973. While it's possible to store petabytes of data in a microscopic space,
its always worthwhile to store information as DNA, rather than on hard drives or magnetic tape. “DNA is remarkable: just
one gram of DNA can store about a petabyte‘s worth of data, and that’s with the redundancy required to ensure that it’s
fully error tolerant. It’s estimated that we can put the whole internet into the size of a van. The BIG Data Centre at Beijing
Institute of Genomics (BIG) of the Chinese Academy of Sciences provides freely open access to a suite of database resources
in support of worldwide research activities in both academia and industry. This topic “Big Data into DNA storage”
demonstrates the various steps involved in storing huge digital data into a DNA. The experimental work is done to validate
the proposed algorithms.

IndexTerms: Big data storage, DNA storage, DNA Encoder, DNA Decoder.

. INTRODUCTION

The term Big Data is usually used to describe huge amount of data that is generated by humans from digital media. Big data
requires a set of techniques and technologies with new forms of integration to reveal insights from datasets that are diverse, complex,
and of a massive scale [1]. The term DNA sequencing refers to sequencing methods for determining the order of the nucleotide
bases - adenine, guanine, cytosine, and thymine - in a molecule of DNA. However, there are several technological constraints for
writing (synthesizing), storing, and reading (sequencing) DNA [2]. DNA digital data storage is defined as the process of encoding
and decoding binary data to and from synthesized DNA strands [3]. DNA as a storage medium is extremely effective. It is compact,
biodegradable, and consumes very little energy. Today it is used to propagate species, encode protein synthesis, and solve complex
computational problems. DNA sequence has become the first molecular data for which the cost of storage has become a significant
proportion of the overall cost of generation and analysis [4]. This paper proposes four algorithms to encode and decode files into
DNA sequence, which is involves synthesis, storage and sequencing of DNA library. The proposed algorithms are tested for
different types of data and results are compared with different types of data file with respect to its sizes.

1. BIGDATA STORAGE IN DNA

Era of DNA computing begins with the identification of limitations in electronic computers. The volume of data that can be
stored in an electronic computer and the speed thresholds that can be reached which is governed by the physical characteristics of
computers are the main limitations identified in big data storage[5]. DNA computer addresses the above-mentioned limitations
through solving computational problems engaging molecule manipulations while discovering natural computational models leading
to the bigdata storage and bigdata analytics in DNA. The concept of storing data in DNA molecules is well discussed [6].
Advantages offered by DNA computing include consuming significantly less energy than the electronic computers. Energy
consumed by DNA computers is billion times comparatively less than other electronic computers. The storage space needed to store
information is less than trillion times over electronic computers. Furthermore DNA computers offer parallelism at a high level.
Millions and trillions of molecules per form chemical reactions parallel [7].

I11. ALGORITHMS AND TECHNIQUES USED

The proposed algorithms are implemented using java code. The algorithms are run on windows and every encoded and decoded
file is stored in txt format. The process involves set of algorithms and techniques to encode and decode different types of data files.
Base64 encoding algorithm is used to convert any file into its base64 format. DNA encoding algorithm converts the base64 file into
a DNA sequenced file. Techniques like DNA synthesis [8, 9], DNA library storage [10, 11] and DNA sequencer [12, 13] are used
to save and retrieve the chemical DNA sequence to and from its storage library. DNA sequences that are not intended to undergo
processing by cellular machinery, but are just chemical messages such as DNA computing solutions, will be called “chemical DNA”
[14]. DNA decoding algorithm is used to decode the DNA sequence into base64 format. Base64 decoding algorithm is used to
decode the base64 back to original string. The figure 1 shows the flow of encoding and decoding process.
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Figure 1. Steps involved in Encoding and Decoding process

3.1. Base64 Encoding Algorithm

Base64 encoding schemes are commonly used when there is a need to encode binary data that needs be stored and transferred over
media that are designed to deal with textual data. This is to ensure that the data remains intact without modification during transport.
Base64 is used commonly in a number of applications including email via MIME, and storing complex data in XML [15].
Algorithm Steps involved:

Step 1: Convert the actual data file into its ASCII format as bytes

Step 2: Convert each byte into its base 2.

Step 3: Group every 8 bits into buffer to produce a binary strings of 24 bit each.

Step 4: Split the binary strings into 6 bits each pad zeros to make up the final 6 bit codon.

Step 5: Convert every 6 bit into its base64 equivalent value.

Step 6: Store the result into a file

Input: Any file

Output: base64 encoded file

3.2. DNA Encoding Algorithm

The base64 file is further encoded to its binary equivalent and every pair of binary bits are converted to its DNA base for 00
represented as A, 01 represented as C, 10 represented as G and 11 represented as T.

Algorithm Steps involved:

Step 1: Convert the content of base64 file into binary format

Step 2: Split into groups of 8 bit each

Step 3: Refer the DNA base table to convert every pair of binary to its equivalent base. (A-00, C-01, G-10, T-11)

Step 4: Save the generated DNA sequenced strand. into an file

Input: base64 format file

Output: DNA sequenced file

3.3. DNA Synthesis
There are four basic components required to initiate and propagate DNA synthesis. Polymerase Chain Reaction is a method for
exponentially amplifying the concentration of selected sequences of DNA within a pool. A PCR reaction requires: substrates,
template, primer and enzymes There are three basic codes for storing data in DNA which are Huffman code, comma code and the
alternating code.[16].

3.4. DNA Library Storage
A DNA storage system consists of a DNA synthesizer that encodes the data to be stored in DNA, a storage container with
compartments that store pools of DNA that map to a volume as shown in the figure 2 [13] .

DMA storage library

Data .
IN o0D0O000O0OD].......F
DNA Synthesizer ——— ™ 00000000 DNA
‘ 000000000 pool
000000000
PCR - 000000000
Thermocycler 000000000
Data v 000000000
ouT 000000000
-——— DNA Sequencer 000000000

Figure 2
3.5. DNA Sequencing
DNA sequencing is the process of determining the sequence of nucleotides (As, Ts, Cs, and Gs) in a piece of DNA. Sequencing an
entire genome (all of an organism’s DNA) remains a complex task. It requires breaking the DNA of the genome into many smaller
pieces, sequencing the pieces, and assembling the sequences into a single long "consensus™ [17].
3.6. DNA Decoding Algorithm

[JSDR1811036 | International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | 210


http://www.ijsdr.org/

ISSN: 2455-2631 © November 2018 IJSDR | Volume 3, Issue 11

The DNA sequence is now decoded to get back its original form. The DNA sequence is first converted to its binary form and split
into 6 bits 4 codons. Each codon is further converted to its base64 format.

Algorithm Steps involved:

Step 1: Convert the DNA sequence into its binary equivalent referring to the base table (A-00, C-01, G-10, T-11)

Step 2: Split into groups of 6 bit each

Step 3: Convert the content of each 6 bit into its base 64 equivalent

Step 4: Save the generated base64 content into a file

Input: DNA sequenced file

Output: base64 format file

3.7. Base 64 Decoding Algorithm

The base64 file is now decoded back to its original form. Base 64 file is first converted into its binary form and then into its ASCII
form of the original file.

Algorithm Steps involved:

Step 1: Convert each base64 character to its binary equivalent.
Step 2: Group 4 codons of 6 bit into a binary string of 24 bits.
Step 2: Split the 24 bit binary string into 3 bytes.

Step 3: Convert each byte into its ASCII equivalent

Step 4: Restore the result into its original file format

Input: base64 format file

Output: Decoded Original file

1IV. EXPERIMENTAL WORK FOR PROPOSED ALGORITHMS

Steps Process Input
DNA DIGITAL DATA STORAGE IS DEFINED AS THE PROCESS OF ENCODING
1 Input content AND DECODING BINARY DATA TO AND FROM SYNTHESIZED DNA STRANDS

RE5BIGRpZ210YWwgZGF0Y SBzdG9yYWdIIGIzIGRIZMIuZWQgY XM
gdGhlIHBYb2NIc3Mgh2YgZW5jb2RpbmcgYW5KIGRIY 29kaW5snIGJpb
mFyeSBkY XRhIHRvIGFuZCBmcm9tIHN5bnRoZXNpemVKIEROQSBz
dHJhbmRz
01000100 01001110 01000001 00100000 01100100 01101001 01100111
01101001 01110100 01100001 01101100 00100000 01100100 01100001
01110100 01100001 00100000 01110011 01110100 01101111 01110010
01100001 01100111 01100101 00100000 01101001 01110011 00100000
01100100 01100101 01100110 01101001 01101110 01100101 01100100
00100000 01100001 01110011 00100000 01110100 01101000 01100101
00100000 01110000 01110010 01101111 01100011 01100101 01110011
DNA Encoding 01110011 00100000 01101111 01100110 00100000 01100101 01101110
Algorithm (binary | 01100011 01101111 01100100 01101001 01101110 01100111 00100000
form) 01100001 01101110 01100100 00100000 01100100 01100101 01100011
01101111 01100100 01101001 01101110 01100111 00100000 01100010
01101001 01101110 01100001 01110010 01111001 00100000 01100100
01100001 01110100 01100001 00100000 01110100 01101111 00100000
01100001 01101110 01100100 00100000 01100110 01110010 01101111
01101101 00100000.01110011 01111001 01101110 01110100 01101000
01100101 01110011 01101001 01111010 01100101 01100100 00100000
01000100 01001110 01000001 00100000 01110011 01110100 01110010
01100001 01101110 01100100 01110011

CACA CATG CAAC AGAA CGCA CGGC CGCT CGGC CTCACGAC
CGTA ACAA CGCA CGAC CTCA CGAC AGAA CTAT CTCACGTT
CTAG CGAC CGCT CGCC ACAA CGGC CTAT ACAA CGCA CGCC
CGCG CGGC CGTC CGC CGCA AGAA CGAC CTAT AGAA CTCA
CGGA CGCC ACAA CTAA CTAG CGTT CGAT CGCC CTAT CTAT
DNA Encoding ACAA CGTT CGCG CAAA CGCC CGTC CGAT CGTT CGCA CGGC
4 Algorithm (DNA CGTC CGCT AGAA CGAC CGTG AGCA AGAA CGCA C10CC CGAT
Sequence) CGTT CGCA CGGC CGTG CGCT AGAA CGAG CGGC CGTG CGAC
CTAG CTGC AGAA CGCA CGAC CTCA CGAC AGAA CTCACGTT
AGAA CGAC CGTG CGCA AGAA CGCG CTAG CGTT CGTC AGAA
CTAT CTGC CGTG CTCA CGGA CGCC CTAT CGGC CTGG CGCC
CGCA AGAA CACA CATG CAAC AGAA CTAT CTCA CTAG CGAC
CGTG CGCA CTAT

Base64 Encoding
2 Algorithm
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5 DNA Synthesis, DNA Library Storage
CACA CATG CAAC AGAA CGCA CGGC CGCT CGGC CTCA CGAC
CGTA ACAA CGCA CGAC CTCA CGAC AGAA CTAT CTCA CGTT
CTAG CGAC CGCT CGCC ACAA CGGC CTAT ACAA CGCA cGcce
CGCG CGGC CGTC CGC CGCA AGAA CGAC CTAT AGAA CTCA
CGGA CGCC ACAA CTAA CTAG CGTT CGAT CGCC CTAT CTAT
ACAA CGTT CGCG CAAA CGCC CGTC CGAT CGTT CGCA CGGC
6 DNA Sequencing CGTC CGCT AGAA CGAC CGTG AGCA AGAA CGCA C10CC CGAT
CGTT CGCA CGGC CGTG CGCT AGAA CGAG CGGC CGTG CGAC
CTAG CTGC AGAA CGCA CGAC CTCA CGAC AGAA CTCA CGTT
AGAA CGAC CGTG CGCA AGAA CGCG CTAG CGTT CGTC AGAA
CTAT CTGC CGTG CTCA CGGA CGCC CTAT CGGC CTGG CGCC
CGCA AGAA CACA CATG CAAC AGAA CTAT CTCA CTAG CGAC
CGTG CGCA CTAT
01000100 01001110 01000001 00100000 01100100 01101001 01100111
01101001 01110100 01100001 01101100 00100000 01100100 01100001
01110100 01100001 00100000 01110011 01110100 01101111 01110010
01100001 01100111 01100101 00100000 01101001 01110011 00100000
01100100 01100101 01100110 01101001 01101110 01100101 01100100
00100000 01100001 01110011 00100000 01110100 01101000 01100101
00100000 01110000 01110010 01101111 01100011 01100101 01110011
01110011 00100000 01101111 01100110 00100000 01100101 01101110
01100011 01101111 01100100 01101001 01101110 01100111 00100000
01100001 01101110 01100100 00100000 01100100 01100101 01100011
01101111 01100100 01101001 01101110 01100111 00100000 01100010
01101001 01101110 01100001 01110010 01111001 00100000 01100100
01100001 01110100 01100001 00100000 01110100 01101111 00100000
01100001 01101110 01100100 00100000 01100110 01110010 01101111
01101101 00100000 01110011 01111001 01101110 01110100 01101000
01100101 01110011 01101001 01111010 01100101 01100100 00100000
01000100 01001110 01000001 00100000 01110011 01110100 01110010
01100001 01101110 01100100 01110011
RE5BIGRpZ210YWwgZGF0Y SBzdG9yYWdIIGIzIGRIZmMIuZWQgY XM
Base64 Decoding gdGhlIHByb2NIc3Mgb2Y gZW5jb2RpbmcgY W5KIGRIY29kaW5snIGJpb
Algorithm mFyeSBkYXRhIHRVIGFuZCBmcm9tIHN5bnRoZXNpemVKIEROQSBz
dHJhbmRz
DNA digital data storage is defined as the process of encoding and decoding
binary data to.and from synthesized DNA strands

DNA Decoding
7 Algorithm (Binary
Sequence)

9 Output Decoded file

V. EXPERIMENTAL RESULTS
The code is tested for different types of files of various sizes. The encoding and decoding is possible for very huge sized data
and for most of the file formats. The resultant decoded file seems to be error free assuming the DNA synthesis and sequencing is
done accurately. The encoded files are temporarily stored in the server and deleted once the DNA sequence is stored in the library.
Decoder is used to retrieve the data back into its original format. Table 1 shows the sizes of different types of files in the process of
encoding and decoding.

S. No. | File Type Original File size | Base64 file size DNA file size Decoded file size

1 Doc file 8.6MB 9.3MB 7.4MB 8.6MB

2 Pdf file 144.5MB 153.3MB 132.8MB 144.5MB

3 Jpg file 211.6MB 226.8MB 201.4MB 211.6MB

4 Mp3 file 643.4MB 737.4MB 593.4MB 643.4MB

5 Mp4 file 11346.8MB 12472.5MB 10034.9MB 11346,8MB
Table 1

VI. CONCLUSSION

The current rate of data explosion is increasing at a very high rate, DNA storage becomes an absolutely key for data storage
because of its low maintenance cost, high data density, eco friendliness and durability. DNA storage techniques show massive
progress. The number of publications related to various DNA based models and techniques increases tenfold annually [18].
Presented methods literally convert each and every smallest possible information into DNA form. Thus this method is highly
applicable for handling and storage of massive amounts of various types of data. The proposed algorithms works good for various
Big data file formats. Since java code is used, the compilation for huge files becomes an overhead with respect to time. The proposed
mechanism can further be modified by using latest coding languages which are more suitable for huge data file which works on low
compilation time.
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