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ABSTRACT

DNA Sequences contain concatenation of the four nucleotides or bases namely, Adenine, Guanine, Thymine
and Cytosine. These nucleotides form a double stranded helix with each base of one strand joined to its
complement on the other strand by using hydrogen bonds through base pairing rules. DNA compression may
be carried out by reducing redundancy and exploiting the properties of DNA sequences. This paper proposes
ENHANCED SINGLE BIT DNA SQUEEZER (ESBDNAS) an enhanced bit based lossless compression algorithm
to compress a DNA sequence which implements two stages and is similar to SBDNAS (Single Bit DNA Squeezer)
Algorithm. The proposed method converts the bases to bits 0 or 1 using the BDNAS algorithm and exploits the
properties of DNA sequences that are inherent in it by substituting exact repeats, palindromes and their
respective reverses for selected sub-sequences. This method achieves a compression ratio that is better than the
existing lossless bit based DNA sequence compression algorithms.
Keywords : DNA Sequence, Lossless Compression, Bit Based Method, DNA Compression, Bit DNA Squeezer,
SBDNAS, Bit- Based DNA Compression
I. INTRODUCTION single strand and each base is connected to its

complement on the next strand with hydrogen bonds

Compression aims at reduction of file size for
efficient storage, spontaneous transmission and cost
effectiveness. Compression also deals with Dynamic
exchange of data, Prompt Searches, Easy Retrieval,

and Speedy Transfer of Data.

DNA Molecule

DNA is the molecule present in the cells of living
organisms which stores genetic instructions used in
the various process of living organisms such as
growth and development, functioning
and reproduction and it forms the basis for life [1].
DNA comprises of a phosphate group, a 5-carbon
sugar (Deoxyribose) and a nitrogenous base which is
any one of {A, C, T, G} that is Adenine, Cytosine,
Thymine and Guanine respectively as shown in

Figurel. Many such molecules combine to form a
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[2]. Twisting two such strands gives rise to a double

stranded helix as in Figure 2.

osphate

deoxyribose sugar

Figure 1 : DNA Molecule

Figure 2 : Helical Structure
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Properties of a DNA sequence

On observation of sub-sequences in any DNA
sequence, certain properties are noticed which form

the criteria for various DNA compression algorithms.

Repeated substrings in DNA sequences.
Repeated complements of substrings

Repeated palindromes.

* & & o

Repeated reverse complements [3]

Repeated substrings are redundant fragments of a
selected sequence that occurs in the same order.
Repeated palindrome is the fragment in the reverse
order like any text complement that is spelt the same
from backwards, for example the word ‘dad’. In
repeated complements and reverse complements, the
base pairing rule is used and each nucleotide is
replaced by its complement, that is A is replaced by T

and C is replaced by G or vice versa.

DNA Compression

The essentiality for DNA compression arises in order
to overcome storage constraint and accomplish high
speed transmission by reducing the size of sequence
to reduced size. Generally, any sequence may be
compressed by identifying redundancy and the vital
information it contains. Lossless compression
methods need to be developed to compress DNA
sequences so as to preserve the originality of the

sequence. [4]
Performance Metrics

There are a number of Quality measures used to
determine the appropriate compression algorithm,
here only Compression ratio is used since the
example sequence considered to implement the
ESBDNAS algorithm is very small compared to any

original DNA sequence.
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Compression ratio: The ratio between the sizes of

compressed to original sequence [5].

Compressed file size

Compression Ratio =
Original File Size

While analysing an algorithm, time complexity and
space complexity [6] are generally considered. In the
proposed algorithm, space complexity has been
computed in terms of compressed size whereas, time
complexity = depends on  Compression and
Decompression time. Since only a miniscule DNA
sequence has been used to implement the algorithm
also due to the use of higher end hardware and
software, Compression and Decompression time is
negligible hence has not been considered, whereas
compressed size has been computed and in turn
compression ratios have been calculated for different

case scenarios such as:

¢ Best Case: Best case efficiency of ESBDNAS
algorithm has maximum replacements of
vector repeats or palindromes or their
respective complements.

¢ Average Case: The Average case efficiency
defines the compression ratio of a random
input which is different from the worst case
and the best-case efficiency.

¢ Worst case: In the worst case there are no or
very few replacements made. In this

algorithm, the worst-case compression ratio is

the highest.

This paper is organized as follows. Section II reviews
various existing two bit based DNA compression
algorithms. Section III  describes the proposed
method and Section IV analyses the results obtained.

Finally followed by conclusion in Section V.

II. TWO BIT BASED DNA COMPRESSION
ALGORITHMS
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General 2 bit based methods comprises of a pre-
processing stage, in which the bases are assigned 2
bits each such as, A=00, T=01, G=10, C=11 and then
the coding stage follows which may be new

techniques or enhanced existing techniques [7] .

One bit based technique Bit DNA Squeezer (BDNAS)
[8] converts each base to either 0 or 1 and Single Bit
DNA Squeezer (SBDNAS) [9] further compresses the
reduced DNA sequence using ( VCT) technique. The
improvement of the single bit based technique over a
2 bit based technique is that each base is assigned a
single bit, hence the size of the base reduces from 8
bits (1 byte) to 1 bit, whereas, in 2 bit based
techniques, a base of 1 byte (8 bits) is reduced to 2
bits. The following two-bit based algorithms contain
two phases with each phase being similar in the pre-

processing phase but different in the coding phase:

Rajeswari et al, proposed the GENBIT Compress tool
[10] for compressing DNA sequences based on a
novel concept of assigning binary bits. Here, a
fragment with length n of a DNA sequence is input,
and is divided into n/4 fragments. They got a
compression ratio for best case of 1.125 bpb, 1.727
bpb for average case and 2.238 bpb for worst case.

HUFFBIT Compress was proposed by Rajeswari et al.,
[11] for DNA sequences. In this algorithm a bit pre-
processing stage takes place before the encoding. It
achieves the compression ratio using the concept of
Extended Binary Tree. Compression Ratio was
calculated using a 1000 base sequence in order to
compute best, average and worst case. An average of
1.006 bits per base for best case, 1.611 bpb for average

case and 2.109 bpb for worst case was achieved.

Rajeswari et al., later on introduced the DNABIT
Compress tool [12] which assigns binary bits in the
bit pre-processing stage to exact and reverse repeat
of DNA The

compression ratio is below 1.58 bits per base

fragments sequences. average
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GenCodex inroduced by Satyanvesh et al, [13] is a
two phased algorithm it uses graphical processing
units and multi-cores. A code byte is used for every
eight bytes of the compressed data which is set to 1 if

there is a repetition.

DNACRAMP by Prasad et al., [14] performs the
encoding and decoding process for both repetitive
and non-repetitive sequences with the help of a two-
stage index bounded linear array data structure using
language.  The
DNACRAMP obtains better compression ratios with

basic  procedural algorithm

an average of 1.143 bpb.

Prasad introduced PGBC "Partitioned Group Binary
Compression" [15] suitable for non-repetitive DNA
sequences of Genomes. Here encoding process starts
after bit pre-processing where each six part is taken

as a partition.

Functionality Of BDNAS & SBDNAS Algorithms:

¢ BDNAS (Bit DNA Squeezer) Algorithm: An

improvement over general two bit based
Algorithms. It concentrates on reducing the
sequence size considerably by assigning a single
bit (0, 1) per base.
The compression process involves two steps:
Stepl: The frequency of each nucleotide is
calculated.
Step2: Depending on the order of the frequency of
each nucleotide in the dataset. The nucleotide
with highest frequency is assigned the value 0.
The nucleotide with second highest frequency is
assigned the value 1. The nucleotide with third
frequency is searched and its position is recorded
in a position map then it is assigned the value 0.
Finally, the last nucleotide’s position is recorded

in the position map then it is assigned the value 1.

The Decompression process uses the position map

and the compressed sequence as input, it converts all
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the 0’s and 1’s in the compressed sequence according
to the positions recorded in the position map to its
corresponding third and fourth nucleotides in the
compressed sequence respectively. Finally, the
remaining 0’s are converted to the first nucleotide

and I’s to the second nucleotide respectively.

¢ SBDNAS (Single Bit DNA Squeezer) Algorithm:
An optimal algorithm that enhances the BDNAS
technique by using it as the pre-processing Phase
and then compresses the sequence further using
the Vector Coding Technique (VCT). It searches
for a chosen vector and replaces only the exact

repeats with a unique symbol.

The decompression process is achieved by executing
both the Phases in reverse order. Decoding is
performed for the coding Phase first then the
decompression for pre-processing Phase (BDNAS) is
performed.

IIL. PROPOSED ALGORITHM

An Improved algorithm Enhanced Single Bit DNA
Squeezer (ESBDNAYS) is proposed by enhancing the
SBDNAS technique by modifying its Phase II, it’s
coding phase. The phase I or the pre- processing
phase implements the BDNAS algorithm to assign a
single bit for each base and Phase II implements the
Extended Vector coding Technique (EVCT) which
searches for a chosen vector and encodes not only the
exact repeats, but encodes the complements, reverse

and reverse complements of the vector too.
¢ Methodology:

The compression process involves two Phases:
Phase I for pre- processing or converting bases to
bits and Phase II for Enhanced Vector Coding
Technique.

Phase I:

algorithm is implemented. In this Phase each

Pre-processing Phase where BDNAS
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nucleotide is assigned one bit either 0 or 1 according
to the decreasing order of its frequency. An example
sequence of 200 bases is used as input for which the
compressed sequence along with the position map is

the output.

Phase II: Coding Phase implements the Enhanced
Vector Coding Technique (EVCT). The output
sequence from the previous phase is considered as the
input sequence for Phase II. A row vector is selected
and is searched in the input sequence for exact
repeats, palindromes, and reverse
Then for

characters are assigned. This process of searching and

complements
complements. each outcome unique
assigning a unique character to different outcomes is

repeated for the entire sequence.

¢ ESBDNAS Encoding Algorithm:

Input: Input example sequence Containing A, T, G, C
Output: Encoded Sequence & Position Map
Procedure Encode:

Begin

Step I: Begin compression for Phasel (Pre-Processing
Phase) using BDNAS algorithm

Step II: Calculate the frequency of each nucleotide in
given input sequence.

1. Depending on the frequency assign 0 to all the
highest frequency and 1 to all the second highest
frequency.

third

frequency and note down its position in the

2. Again search for nucleotide with
position map then replace it with 0.

3. Similarly replace the final nucleotide with 1
after noting down its position in the position
map.

4. Compressed Sequence and Position Map are
created as output of the source sequence.

Step III: Consider compressed sequence and start

with Coding Phase using Enhanced Vector

Coding Technique.
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1. Select a single row vector with more than 8
bits.

2. Search for properties of DNA sequences such as
occurrence of the exact vector, its reverse, its
complement and reverse complement.

3. Replace each occurrence with a unique
character ‘a’,’b’, ’c’, ’d’ respectively based on
each property for the entire sequence.

4. The output is the completely compressed
sequence obtained.

End

¢ ESBDNAS DECODING ALGORITHM

Input: Input sequence, Position Map

Output: Original Sequence

Procedure Decode:

Begin

1. Decompression of Phase II (Coding Phase) is
carried out first
Search for the unique character ‘@’
3. Replace it with the Vector for the entire
sequence
Repeat step2 and step3 for characters 'b’, ‘c’, ‘d’
5. Decompression of Phase I is carried out by
reading the Position Map
6. For each entry equivalent to 0 in Position
Map, go to corresponding position in
compressed sequence and change it to 3rd
Nucleotide.

7. Similarly change the entry for 1 in Position
Map to 4th nucleotide at the same position in
compressed sequence.

8. Replace all the remaining 0’s to 1st nucleotide
and I’s in compressed sequence to 2nd
nucleotide.

9.  The original sequence is obtained.
End

Tllustration of ESBDNAS

Consider an example DNA sequence containing 200
bases which is a concatenation of the four nucleotides
AT CG.
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CTGTATTGGAACATGCCCCTACCTAAAGCCAGC
CCCGGTCGCCCTAAAAGGCATTTATTGGAATTA
AAAGCCAGGGACACTACCITTCATTITAGGGAC
CTTTTATTTAAATTTTATGGAGTTTAACGATAAA
TCCCCTTTAAATTACACTAAAGGAGAGACAGCC
AAGGGAAATGAACTAAACGGTAAATAAACGGA
GA

Phase I: BDNAS Algorithm is applied to the DNA

sequence above

Step 1: Total Nucleotides (bases) = 200
Frequency of A (fa)=70; Frequency of T (fr) = 51;
Frequency of G (fc) =41;  Frequency of C (fc) = 38
Such that, B = Z(fa+ fr+ fc + fc) = 200.

Since fa>fr> fc> fo

Step 2 : Assigning A=0 and T=1;

A partially compressed sequence is obtained.

C1G1011GGO0CO1GCCCCINCC1000GCCOGCCCCG
G1CGCCC10000GGC0111011GG0O0110000GCCOGG
GOCOC10CC111C011110GGGOCC1111011100011110
1GG0G11100CG010001CCCC111000110COC1000GG
0GOGOCOGCCO0GGG0001GO0CI000CGG10001000C
GGOGO

Storing the position of G in PosMap & Assigning G=1
Storing the position of C in PosMap & Assigning C=0
The compressed sequence along with the position

map is obtained.

011101111000011000010001000100010000111010001
000011001110111100110000100011100001000111001
111011100011110111000111101110111100010100010
000111000110000100011010100010000111000110001
00001110001000011010

PosMap [ ][ ]={{0,11,15,16,17, 18, ...};{ 2,7, 8, 14,
27,...1 )
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Phase II of ESBDNAS: (Implementation of EVCT)

Consider Row Vector a = 10001000011
Complement of a=b=01110111100

Reverse (palindrome) of a = ¢ = 11000010001
Complement of Reverse of a=d =00111101110

Searching for a, b, ¢ & d and assigning the respective
characters. The compressed sequence is obtained
where 15 encoding has been performed such that
6a+3b+4c+2d=15 replacements has been made as

given below

b00c000a10a0bcc11dd001111b010a1000c1010a10001
aa010

IV. PERFORMANCE ANALYSIS

Analysis for the ESBDNAS algorithm is performed for
the best case, average case and worst case [11].

Best case: Number of replacements = 15
(6a+3b+4c+2d) 6 repeats of vector, 3 complements of
vector, 4 palindromes and 2 complements of the
palindrome were found in the sequence. Therefore
200 bases are converted to 200 bits using BDNAS
algorithm and then using EVCT technique further it
is reduced to 155 bits where 3 bits are reduced for

each replacement.

200 bases =200 bits =155 bits [35bits + (15*8) bits]
Compression ratio = bits / bases = 155 / 200 bpb

". Compression Ratio for best case = 0.775 bpb

". Compression Ratio for average case = 185/200
=0.925 bpb
=197/200
=0.98 bpb

". Compression Ratio for worst case

The computation for compression ratios for the three
different cases has been tabulated below and the
results are depicted in the graph. The compression
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ratio for the worst case is 0.98 bits per base and for
the best case is 0.775 bits per base.

Table 1 : Comparison of compression ratio for cases

Efficiency Cases Best Case | Average Worst
Case case

No. of bases 200 200 200

(Original Sequence)

No. of bits 155 185 197

(Compressed sequence)

No. of replacements 15 5 1

Compression Ratio 155/200 | 185/200 197/200

bits/base =0.775 =0.925 =0.985

Compression Ratio
0.925 .985

Best Case
0.775 Average Case

Worst case

0.
0.
z 0.
0.
@
& 0
w o,
v 0.
= 0.
986

OFRNWRERUIO W

Best Case  Average Case Worst case

ALGORITHM EFFICIENCY CASES

Chart 1 : Comparison of compression ratios

V. CONCLUSION

Developing new algorithms and further improvising
and enhancing existing or new algorithms yield
better performance and compression ratios. General
two-bit based coding methods have become popular
in DNA Compression, where the four bases are
assigned values 00, 01, 10 and 11 in any order. In the
proposed ESBDNAS algorithm the VCT technique
from SBDNAS algorithm has been enhanced to
search not only the repeats of the selected vector but
also to search for the complements of the vector,
palindromes and their complements which are
replaced with unique symbols for each property.
Analysis of the algorithm is performed for the best
case, average case and worst case. Compression ratio
is calculated and tabulated, Results are analysed using

a chart for the three efficiency case scenarios.
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