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Abstract— Genomics has become a hot research area in medical field for diagnosis of monogenetic disorder identification, 

pharmaco genetics, targeted therapy, genome editing and personalized medicine. Each human genome consists of 3 billion 

pairs which are to be effectively stored and transmitted for analysis. This process necessitates the development of novel 

genomic data compression algorithms. In this paper a referential based method for compressing genomes has been proposed. 

The input and reference genomes are compared for dissimilarities and further entropy coded to achieve high compression ratio. 
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I.  INTRODUCTION  

The exponential development in data produced by next 

generation sequencing (NGS) platforms poses a big 

challenge for data storage infrastructures [1].  The modern 

sequencing platforms create terabytes of genomic data in a 

single run, and their throughput is expected to increase 3-5 

times each year. An effective solution to this challenge is 

data compression, which has consequently become a major 

area of interest in genomics research. FASTA and FASTQ 

are two popular formats for storing genomic data. These 

formats are based on a plain text representation of the 

genomic data components, namely the sequences of DNA 

letters, quality scores, and meta data, as shown in Figure1. 

These components are typically compressed independently 

using strategies which best suit the data characteristics. A 

reference-based approach is often adopted for compressing 

sequence component, whereby the sequences are encoded as 

a mapping to a known reference sequence. Given the high 

similarity of inter-species DNA (over 99.9% for Human 

DNA), this strategy typically achieves higher compression 

ratios than non-reference-based strategies. Several reference-

based compression tools have been implemented in software, 

including FASTQZ [2], FQZCOMP [2], LWFQZIP [4], and 

gdc2 [3]. These tools achieve higher compression ratios than 

general purpose compression algorithms such as GZIP and 

bzip2, however the improvement in compression ratio comes 

at the cost of the compression speed. For example, most of 

the tools listed would require several hours to compress the 

data generated by a single NGS platform run. 

 

 

 

 

 

 

 

 

Fig. 1: Genomic data formats. 

 

(a) FASTA format. Lines with the symbol > in the first 

position contain meta data, the remaining lines contain 

sequences. No quality scores are stored. 

 

 

 

 

                                 Fig. 2: FASTA formats 

 

(b) FASTQ format. Each record is stored over 4 lines. Lines 

1 and 4 contain meta-data, line 2 contains the sequence, 

and line 4 contains the quality scores as shown in Fig. 1. 

The data generated by NGS Platforms in recent years is very 

high which makes it hard for the existing tools to cope with 

the storage of massive amounts of genomic data.  

The great challenge in reference based compression is the 

mapping to the reference sequence which accounts for over 

70% of the compression time. Field Programmable Gate 

Arrays (FPGAs) are a promising candidate for accelerating 

reference-based compression: first, there are several 

successful works on accelerating sequence alignment [5], [6], 

[7] which comprises a similar mapping problem; and second, 

the low operational clock frequencies of FPGAs allow 

compact and energy efficient solutions appropriate for data 

centers and clinical settings.  

1. >chr22  

2. TAGAAGTTCTCTGAGACCTAGGCTTTGTGAATCCAA  

3.  AGGGATCTTTTTAACGAATAAAATGAATCAGGGCCC 4 

4. AATGGGACGTGAGGGTTCCTCAGGCCAGTAGTATGG 

 

1. @HWI – EAS 209 : 5 : 58 : 5894 : 21141 # ATCACG/1  

2.  GGGTGATGGCCGCTGCCGATGGCGTCAAATCCCACC  

3.  +HWI – EAS 209 : 5 : 58 : 5894 : 21141 # ATCACG/1 4 

4. I IIIIIIIIIIIIIIIIIIIIIIIIIIIII 9 I G 9 I C 
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II. LITERATURE SURVEY 

Kwang Su Jung et al. [8] proposed a method for compressing 

genome sequence cluster using sequence alignment. The 

author has defined a sequence cluster as a cluster that is 

constituted of similar sequences and also, has presented a 

new compressing technique for sequence clusters using a 

sequence alignment method. 

M.Mary Shanthi Rani [9] proposed a novel referential based 

method for compressing genomes. The algorithm finds the 

matching blocks in the reference chromosome and the 

resulting indices are compressed using delta encoding. Biji 

CL and Achuth sankar S.Nair [10] presented a whole genome 

sequence compression using benchmark dataset. The author 

has discussed about the current state of achievement in DNA 

compression. Also, has proposed a benchmark dataset using 

multistage sampling procedure. 

RabiaArshad et al. [11] described a performance comparison 

of huffman coding and double huffman coding.  The author 

has proposed a double huffman coding using the code word 

of the symbol which is compressed on binary basis. 

Komal Sharma and Kunal Gupta [12] discussed about the 

performance of lossless data compression techniques. The 

author presented a study of various lossless data compression 

techniques and compares their performance and efficiency 

using time and space complexity.  

Kakoli Banerjee and R. A. Prasad [13] proposed a 

compression algorithm using reference based inter- 

chromosomal similarity based DNA sequences. The author 

has presented a new genetic compression algorithm which 

has explored inter chromosomal similarities and yield 

positive compression. 

III.      PROPOSED METHOD 

In this paper, a reference based compression of genomic 

sequences is proposed. Generally, genomic sequences of 

similar species show great similarity except for some 

mismatches. These mismatches are due to 

insertions/deletions of some sub sequences during genomic 

sequencing. The basic idea of reference based compression is 

to find the similar and dissimilar blocks of fixed size between 

the input and reference genomes. The compressed stream 

will contain only the block numbers/indices of the similar 

blocks. The block indices of the similar blocks are further 

compressed using entropy coding. The dissimilar blocks are 

split into small sub sequences with a minimum length ML of 

three characters and are compressed using Huffman Coding.  

 

 

 

 

The proposed algorithm is listed below 

1. Divide the Input genome into fixed size blocks of size 

BSI 

2. Divide the Reference genome into fixed size blocks of is 

BSR. 

3. Map the input block with reference block 

4. If match found, write the block index and position into 

the compressed stream 

5. If not, split the input block into sub sequences of 

minimum length ML and compress using Huffman 

coding. 

The block size of reference genome BSR is chosen to be 

greater than the input block size BSI. The dissimilar blocks 

are further divided into sub sequences and subjected to 

Huffman coding based on the probability of occurrences of 

each subsequence. The motive of using Huffman coding is 

that there are high chances of repetition of some 

subsequences which can be effectively compressed by 

assigning short codes. Infrequent subsequences are assigned 

longer codes. 

IV. RESULTS AND DISCUSSION 

The performance the proposed method is evaluated using real 

genomic data from the UCSC genome browsers. The 

genomic sequences used in our experiments are HG18 

release genome, watson JW genome, korean genomes 

KOREF20090131, KOREF20090224 and the Han Chinese 

genome YH. The process of matching genome sequences is 

done using R- Programming which is an effective analytical 

tool based on statistical computing techniques. It is a open 

source software that provides a programming language 

environment for processing Big Data[8]. 

R programming code is written in two ways; R-Editor and R-

Console. For processing genomic sequences, bio strings 

package should be installed and declared in the header file. 

The dataset are processed in line by line and displayed as 

shown in following Table 1. 

The input and reference blocks are matched using vmatch 

command in R which requires the following packages: 

library (“s4vectors”), library(“stats4”), library(“IRanges”), 

library(“GenomicRanges”), library(“GenomicInfoDb”), 

library (“Biostrings”), library(“XVector”) and library 

(“rtracklayer”). Fig. 3 lists the block indices of dissimilar 

blocks. The dissimilar blocks are subdivided into substrings 

of length ML  and their frequency of  occurrences are found 

for compressing using Huffman Coding.Table 2 shows the 

matching of  given substring or subsequence of length 3 

using Vmatch command  that reports the block index(group) 

and the start and end positions in the reference block. 
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Table.1 Output of reading line by line in Genomes Table 2 Output of V-match command in R 

 

 

Fig.3: Block Indices of Dissimilar blocks 
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From Table 2, the frequency of sub sequences (within 

dissimilar blocks) is found out for applying Huffman coding. 

The size of compressed genomes is used as the parameter for 

the evaluating performance of proposed method. The block 

size of reference chromosome BSR is set to 4 MB for human 

genomes, 2 MB for TAIR genomes and rice genomes to use 

optimal number of bits for storing block indices. Otherwise, 

a big block index will result in poor compression ratio. It has 

also been observed that a block size of 12 bytes for BS1 

speeds up the matching process thereby reducing the 

computation complexity. Moreover, as the dissimilar blocks 

are broken down into subsequences of minimum length 

three, BSI is set to multiple of three bytes. 

 

The compressed stream will contain the matched block index 

of the reference genome for similar blocks and the Huffman 

codes for subsequences of dissimilar blocks. The size of each 

index vector bits is equal to the sum of numbers of bits 

required for storing the reference block index and the 

position within the reference blocks. Our experimental 

results show that the proposed method achieves a 

compression ratio 4:1 in compressing the human and TAIR 

genomes which is comparatively good. The use of Huffman 

coding for compressing subsequence accounts for enhancing 

the compression ratio. A good choice of BSI and BSR   are 

crucial parameters for effectively compressing the genomes 

using the proposed method. 

V. CONCLUSION 

This paper proposes a new and simple method of 

compressing genomes based on referential compression by 

exploiting the huge similarities that exist between genomes 

of similar species using R programming tool. In future the 

compression ratio can be further enhanced by compressing 

block indices using differential coding schemes. 
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