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ABSTRACT 

 

Now a day’s research is being carried out on minimizing the executing time and 

rate of lossless compression as DNA sequence size are increasing in large 

amount. The protection of DNA sequence database from hackers is a challenging 

question. To solve this question, a technique known as lossless DNA sequence 

compression is developed which is based on searching for exact Repeat and 

Palindrome (RP).  One of the hidden characteristic of DNA sequence is 

approximate repeats, this feature-RP (Repeat & Palindrome) has been consider 

in this work. This algorithm can be used to minimize the storage capacity and 

reduce the cost of transmission. The DNA sequence compression is optimized by 

encoding exact repeats and palindromes in match position. There must not be 

overlapping of the repeat and palindrome technique in DNA sequence 

compression.  In this technique after compression two files are produced 

compressed and library file. This library file act as a signature and provides 

security. The group of characters of repeat and palindrome technique are also act 

as a private key and provide strong data security.  This algorithm attains the 

greater compression rate & ratio, compared to the prevailing DNA based 

compression techniques and provides the strong information security. The 

difference between cellular DNA and artificial sequence of same length is 

observed. The complexity of this algorithm is O(N2) where n is the set of 

characters. We can get compression rate of 3.2076 bits/base by using this 

technique. 

Keywords : DNA, Compression, Encryption, Repeat, Palindrome, rate, ratio & 

Security. 

 

I. INTRODUCTION 

 

Every year the size of DNA sequences increases 

tremendously [1-9]. This sequence procession is very 

difficult task[10-11], because this DNA sequences 

have same logical organization[12]. For storing 

purpose some special techniques have been designed. 

We cannot apply the marketable compression 

techniques [13] on DNA sequences because this 

sequence has some special characteristics [14]. The 
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two bit encoding and Huffman compression 

techniques are inapplicable on cellular DNA 

sequences because these sequences are non 

random[10,14]. The cellular DNA sequences 

contained so many repetitions within the 

sequence[10]. The researchers developed so many 

compression techniques using the special 

structure[10,15-16] of DNA sequences. In a long DNA 

sequence, we cannot find out the exact match 

position of RP so easily. This RP search engine 

basically worked on fast and sensitive homology 

search [17-18] technique. Here the match substring is 

replaced by the ASCII code and match substring is 

placed in library file. 

Also developed here another algorithm for string 

matching, changing string orientation and calculating 

file size, etc.  

The definition of substring, file format and the 

generation of substring forming the input sequence 

are mentioned in paper [19]. Our algorithm is a 

substitution based compression technique where 

library file is a key. 

 

II.  METHOD 

 

2.1 Method of Repeat & Palindrome technique (RP) 

Consider a DNA sequence as 

tattgtagtaatgtacatatgcatatgtat . In repeat and 

palindrome technique, the principal idea is s1=tat sub-

string (consider length of sub sequence is 3) is 

repeated in how many places is shown by red color. 

The s2=tat (Palindrome of tat) sub-string is repeated in 

how many places is shown by green color and so on.  

Replace maximum number of repetitions of repeat 

and palindrome sub string by corresponding ASCII 

code. 

 

2.2 Repeat & Palindrome (RP) technique introduction 

One of the hidden regularities of DNA sequence is 

approximate repeats. Repeat with Palindrome  is 

taken in this work. This lossless technique is based on 

exact Repeat-palindrome match techniques. The exact 

Repeat-palindrome technique optimally compress the 

sequence by encoding the match position and 

matched position must not overlap one another.  

There are two phases in this algorithm i) Repeat-

palindrome exact match position finding ii) exact 

Repeat-palindrome regions is encoded and non-repeat 

& palindrome etc regions.  

This technique basically worked by the combinations 

of Repeat-palindrome substring substitution and 

produced dynamic Library file. The substring size is 

user dependable. 

 

2.3. Flowchart 
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Enter the name of source file 

Enter the length of string to be 

scanned each time 
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Print to the output file 
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2.4 Basic terminology of  Repeat & Palindrome  

 

Searching for exact repetitions 

The DNA sequence is consider as a finite sequence 

and composed only four alphabets a, t, g & c. 

An exact all Repeated sub string of Repeat with 

Palindrome is a substrings in s & s1 (where s represent 

the repeat and s1 represent the palindrome sub string ) 

and produced another substring S by edit operations 

(repeat, insertion ). The maximum repeated position 

is encoded for better compression result. 

Example : 

Let 

s=atgggtaatagtatatgtacatgcatgtagtattataggata……..n. 

Where atg substring repeat on four places, gta repeat 

on three places (shown by red color) and so, on and 

ata palindrome is ata is repeated on three places 

(shown in green color) and so on. Highest match 

score is replaced first of repeat and palindrome 

simultaneously and atg and ata is replace by ASCII 

character and  insert ASCII code in every match 

position i,e ith & jth position  

B=!gtagta!tac! { where B is the intermediate step}, 

continue this process  

o=!””!tac![compressed output file is represent by o ] 

 

2.5 Working Principal  

i. File type: All DNA sequences are text format, the 

file extension is dot txt. 

ii. Sub sequences repeat-palindrome are auto 

generated by breaking the query sequence into words  

iii. Encoding by Edit process 

This approximate matching technique have three edit 

processes 

These are: 

1) Matching--Find out the match position of repeat & 

palindrome substring 

1) Replacing-- Replacing the substring (R) by the 

character (char) at the position (p) is define as (R, p, 

char). 

2) Inserting- Inserting ASCII symbol S at position (p) 

by the character (char) is expressed as (S, p, char). 

2.6 Algorithm 

Repeat and Palindrome DNA sequence 

compression algorithm 

INITIALIZATION OF INPUTS: 

i. DNA sequence & Artificial sequence in text 

format 

ii. Word size of length l 

iii. S=wri 

 

ESTIMATED OUTPUT : 

i. Compressed output file and Library file  

 

START 

i. Define ASCII code start position 

ii. Word size 1 to <10 and count 

iii. Product of different  word 

iv. Match word with the DNA sequence  

v. Request to store output in two separate file 

 

ITERATION 

 

Step 1: Here use three text file. First is for take 

input of Genome  sequence i.e, any 

combination of {a,c,g,t}. Second is for Dynamic 

look up table. And last one for out put. 

Step 2: Store the input form the first text file to 

a buffer, say s. 

Step 3: We have to check whether the first 

input sequence is {a,t,g,c} or not. If true do step 

4 to    

            step8  else increment the position by 

one. 

Step 4: We have to match the whole input 

sequence according to the first four taking 

sequence. 

Step 5: If the number of matching sequence 

found greater than one then do step 6 to step 8 

else increment the position by one.  

Step 6: Write the ASCII character with its 

corresponding matching sequence into the 

dynamic look up table. 

Step 7: Replace the sequences with 

corresponding ASCII character in the input 

string where the matching sequences are found. 

Step 8: Increment the value of the ASCII 

counter by one. 

Step 9: Now we have to write the input buffer 



Volume 8, Issue 4, July-August-2022| http://ijsrcseit.com 

et al Int. J. Sci. Res. Comput. Sci. Eng. Inf. Technol., July-August-2022, 8 (4) : 63-70 

 

 

 

 
66 

into the output file. After doing those steps 

successfully the input buffer will be the 

compressed genome sequence. 

Step 11:  Stop 

 

 

DNA sequence decompression algorithm based 

on Repeat and Palindrome method 

INITIALIZATION OF INPUTS: 

i.  Enter the compressed text file and library file  

ESTIMATED OUTPUT : 

i.  Exact original  sequence 

 

START 

iv. Replace ASCII code by DNA sub sequence 

 

ITERATION 

Step 1 : Declare three FILE pointer fp, fp1, fs 

and five character variable say 

ch1,ch2,ch3,ch4,ch5. 

Step 2 : fp is required to point the encrypted file 

& retrive the encrypted genom sequece. 

Step 3 : fs is required to point lookup table & 

retrive the genom sequeuence and 

croessponding ASCII character. 

Step 4 : fp1 required to point the decripted file 

& used to store the decrypted genom sequence. 

Step 5 : Store the encryped genom sequence in 

a temporary buffer say s. 

Step 6 : Determine the number of neucleotide 

exist in the encrypted file (say len). 

Step 7 : Initialize a counter (say i) is equal to 0 

(zero). Repeat step 8 to step 15 until i lessthan 

number of neucleotide  

  exist in the encrypted file i.e, (i<len). 

Step 8 : Seek the FILE pointer fs to the first 

neucleotide in the lookup table by rewind(fs). 

Step 9 : Do step 10 to step 14 while(!feof(fs)). 

Step 10: Initielize the following : 

  ch1=fgetc(fs) i.e, ch1 holds the 

first neucleotide present in the lookup table. 

  ch2=fgetc(fs) i.e, ch2 holds the second 

neucleotide present in the lookup table. 

  ch3=fgetc(fs) i.e, ch3 holds the thired 

neucleotide present in the lookup table. 

  ch4=fgetc(fs) i.e, ch4 holds the fourth 

neucleotide present in the lookup table. 

  ch5=fgetc(fs) i.e, ch1 holds the first neucleotide 

present in the lookup table. 

Step 11: If s[i]=ch5 then print ch1,ch2,ch3,ch4 

into the decrypted output file. 

Step 12: else if(s[i]=='a' || s[i]=='t' || s[i]=='g' || 

s[i]=='c') then print s[i] into the decrypted 

output file. 

Step 13: else continue. 

Step 14: end if. 

Step 15: end for. 

Step 16: The number of neucleotide present in 

the encrypted file is equal to len. 

Step 17: Calculate the total estimated time to 

decompress the encrypted file. 

Step 18: Check that the decompression is 

lossless. If true then decompression is 

successful. 

Step 19: Stop 

 

III.  ALGORITHM EVALUATION 

 

It is not permissible to get any type of error either in 

the compression or in the decompression phase. 

Hence, for accuracy purpose a string matching 

algorithm is developed, which checks character one 

by one. The proposed algorithm is efficient because 

DNA sequence compresses from substring length (l) 

into single ASCII character and the output file 

contains less characters than the input file. This 

algorithm requires very small memory space because 

it reads the input file and stores them immediately 

into the destination file. Hence, the required space is 

constant. 

 

IV.  RESULTS & DISCUSSION OF REPEAT & 

PALINDROME TECHNIQUE 

 

Testing purpose used one data set and compression 

rate & ratio is mentioned in paper [19] 

 

Table-1 Cellular DNA sequences Compression ratio 

and rate shown in the table using RP technique. From 

top to bottom, each column displays the result for a 

single algorithm showing the compression ratio and 

rate in bits per bases for each sequence. 
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Fig.1 Compression rate vs. word size on basis of file 

size 

Fig. 2 File size versus compression rate based on word 

Table-2 Artificial sequences compression ratio and rate shown in the table using RP technique. From top to 

bottom, each row displays the result for a single algorithm showing the compression ratio and rate in bits per 

bases for each sequence 
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hsg6pdge

n  

52173 -0.59914 3.1983 -0.60136 3.2027 -0.5845 3.169 -0.60136 3.2027 

mmzp3g 10833 -0.61396 3.2279 -0.61285 3.2257 -0.61543 3.2309 -0.61285 3.2257 

xlxfg51

2  

19338 -0.58184 3.1637 -0.583 3.166 -0.52115 3.0423 -0.5892 3.1784 

Average 

rate 

 
 3.22606  3.22534  3.2076  3.22689 
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Fig.3 compression rate versus word size based on file 

size 

 

 
Fig.4 compression rate vs. file size based on word size 
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orientation. If the word size is increased, the 

compression rate is decreased. The fig. 5 shows the 

artificial compression rate and cellular sequence 

compression rate are completely different, also 

graphical nature is different. It is also observed that 

the compression rate is similar in a particular word 

size because the sequence comes under different 

species and matching pattern are same but in case of  

artificial data the compression rate is dissimilar 

because this data is random. 

 

 
 

Fig.5 compression rate versus file size of cellular & 

artificial sequence 

 

This algorithm is very much effective on normal 

cellular sequences than reverse, complement and 

reverses complement. The compression ratio and rate 

are noticeably distinct because the sequences come 

from different organisms. But in case of artificial DNA 

sequences the compression ratio and rate are equal in 

all cases.   Important observations are:  

1. Higher compression rate & ratio is obtained when 

the substring length varies from 2 to 5 whereas the 

substring length of more than 5 is inapplicable with 

respect to compression rate and ratio.  

2. The compression rate & ratio is high when 

substring length is 3 as compared to the substring 

length 2, 4 and 5. 

3. This DNA compression algorithm overcomes the 

limitations of binary coding and Huffman’s coding.  

 

V.  CONCLUSION 

 

This lossless compression technique is a good model 

for compressing and retrieving the DNA sequences in 

their original characteristics and is also very useful in 

database 

storing. We presented an algorithm which detects 

repeats-palindromes within the DNA sequence, with 

restriction either on the length or on the spacing of 

the occurrences. Our lossless DNA sequence 

algorithm uses less number of bit/base for storing and 

execution time is saved. Out algorithm is fruitful for 

short pattern and inapplicable for long pattern. The 

result analysis of the application of our algorithm 

shows slightly high compression ratio to other exiting 

Biological Sequence Compression. All compression 

rate are similar, it also suggests a highly similar 

sequences. The auto created library file act as a 

signature for the time of transmission, it provides the 

information security.   

 

VI.  FUTURE WORK 

 

In future we will find out the effect of compression 

on actual sequence by using this technique with the 

help of Levenshtein distance (LD). 
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