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ABSTRACT: The human genome in its base format occupies almost thirty terabyte of storage space.
Computational resources are limited. Not only storage, transmission capabilities and run time memory is also
limited. Data compression is a challenge when the input is exponentially increasing genetic data. It is
important to conserve the integrity of genetic data while compressing it Standard compression algorithms fail
to compress genetic data. Hence, we require special algorithms for compressing genetic databases. In this
paper, we show a comparative study between the compression algorithm using Inter chromosomal repeats

and Intra chromosomal repeats.
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I. INTRODUCTION

Biological sequences are like blue prints of all living
organisms. Special biological sequences like DNA are
functional description of cells that are the basic building
unit of each organism. DNA sequences are made of four
chemical bases namely — Adenine (A), Thymine (T),
Guanine (G) and Cytosine(C) [15]. Due to latest
enhancement in technology, the DNA sequences of most
of the organisms are known. The human genome is
almost known, and occupies almost 30 terabyte of space
in its base format. It consists of 3 billion such bases. The
special databases like GenBank, which stores genetic
information shared by researchers all over the world,
doubles itself every 35 months [15]. Storage is limited
and so is the capacity of transmission channels. With
these limited resources, handling of such exponentially
growing data is a challenge. Hence we require
compression [15]. What is Compression — a big question
to think about — is it just reducing the size data. No.
Compression is much more than that. Compression is
“Modeling + Coding”. Modeling is where we find
different type of methods to find redundancy in data and
coding is where we replace these redundancies by some
type of references. Hence for handling such big volume
data compression is must [15].

Longer the repeat, more compression is achieved [15].
When we consider the inter chromosomal comparison,
we are able to find very long repeats. This study will
present a comparison between inter and intra
chromosomal repeats and show how compression

improves when we consider inter chromosomal repeats
along with intra chromosomal repeats.

II. LITERATURE SURVEY

DNA compression was initiated by Grumbach and Thai
and it was known as Bio Compress and its second
version known as BioCompress- 2 [1,2]. Ziv- Lempel
compression techniques was the base for both the
Algorithms. BioCompress-2 came with the added
feature of searching exact repeats. C fact was the next
Algorithm, which uses a suffix tree to exploit the
lengthiest exact repeat [3].  GenCompress-1 and
GenCompress-2 came next. GenCompress- 1 uses the
technique of hamming distance or substitution only for
repeats [4]. GenCompress-2 uses insertion, deletion and
substitution for encoding the repeats. In 2011 DNABIT
was introduced. It was also a two-phase algorithm. [5].

In 2012 CTW+LZ came which was a combination of
context tree weighting + LZ77 [6]. The algorithm used
the context tree weight for encoding long approximate
repeats whereas LZ77 was used to encode short repeats.

III. INTRA CHROMOSOMAL REPEATS

Intra chromosomal repeat are those pieces of identical
sequences that are present in one particular
chromosome of a genome. As in the study we are
considering only exact repeats, hence they need to be
identical in nature. Any two subsequences can be called
a pair of intra chromosomal repeat, if they are at least in
a group of 2 nucleotides and are exactly same.
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CCACACCACACCCACACACCCACACACCACACCACACACCACACCACACCCACACACACACATCCTAACACTAC
CCTAACACAGCCCTAATCTAACCCTGGCCAACCTGTCTCTCAACTTACCCTCCATTACCCTGCCTCCACTCGTTACC
CTGTCCCATTCAACCATACCACTCCGAACCACCATCCATCCCTCTACTTACTACCACTCACCCACCGTTACCCTCC
AATTACCCATATCCAACCCACTGCCACTTACCCTACCATTACCCTACCATCCACCATGACCTACTCACCATACTG
TTCTTCTACCCACCATATTGAAACGCTAACAAATGATCGTAAATAACACACACGTGCTTACCCTACCACTTTATAC
CACCACCACATGCCATACTCACCCTCACTTGTATACTGATTTTACGTACGCACACGGATGCTACAGTATATACCAT
CTCAAACTTACCCTACTCTCAGATTCCACTTCACTCCATGGCCCATCTCTCACTGAATCAGTACCAAATGCACTCA
CATCATTATGCACGGCACTTGCCTCAGCGGTCTATACCCTGTGCCATTTACCCATAACGCCCATCATTATCCACAT
TTTGATATCTATATCTCATTCGGCGGTCCCAAATATTGTATAACTGCCCTTAATACATACGTTATACCACTTTTGCA
CCATATACTTACCACTCCATITATATACACTTATGTCAATATTACAGAAAAATCCCCACAAAAATCACCTAAACAT
AAAAATATTCTACTTTTCAACAATAATACATAAACATATTGGCTTGTGGTAGCAACACTATCATGGTATCACTAAC
GTAAAAGTTCCT

Fig. 1. Figure representing 52 Intra chromosomal Repeats of Subsequence “CCA” in first 847 Bases of
Saccharomyces cerevisiae S288C chromosome 1.

Figure number explains the occurrence of intra
chromosomal repeat. The size of the repeat can vary
from 2 bases to thousands of bases. The Figure Number
1 shows the occurrence of 52 repeats of Subsequence
“CCA” in first 847 Bases of Saccharomyces cerevisiae
S288C chromosome 1.

IV. INTER CHROMOSOMAL REPEAT

In case of Intra Chromosomal Repeats we search for
Repeats within one single Chromosome. Where as in
case of Intra Chromosomal Repeats the algorithm try to
find out the similarities not only within the
chromosome itself but also in other chromosomes of the
same genome. Because the compression algorithm
developed in this study replaces repeats with ASCII

codes, hence compression ratio is directly proportional
to the size and number of the repeat. In other words,
bigger the size and number of the repeat more
compression can be achieved. As this algorithm
compressors one genome at a time, hence there is a
possibility that bigger repeat are found if two different
chromosomes of the same genome are compared. Inter
chromosomal repeat should have a size length of at
least two nucleotides, should be exactly same and can
belong to two different chromosomes of the same
genome. Figure Number 4 shows that by comparing
two different chromosomes the number of repeats
increases.
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Fig. 2. Figure showing the output of UGENE while trying to find out the number of repeats in Saccharomyces
cerevisiae S288C chromosome I (Having size at least 100bpb).

@ 2 [dna] 7. B QO B [;] = | . x
“ :h S0k 100k 150k 200k 250k 300k 350k 400k 450k SO0k 550k 600k 650k 700k 213 184
+ o 0 -
- i ——

*L % S0k 100k 150k 200k 250k 300k 350k 400k 450k 500k 550k 600k 650k 700k 813 134

4 4

Fig. 3. Figure showing the output of UGENE while trying to find out the number of repeats in Saccharomyces
cerevisiae S288C chromosome II (Having size at least 100bpb).
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Fig. 4. Figure showing the output of UGENE while trying to find out the number of repeats in Saccharomyces
cerevisiae S288C chromosome I + chromosome II (Having size at least 100bpb).

This simple example explains inter chromosomal
repeats and also shows the advantage of using inter
chromosomal repeats along with intra chromosomal
repeats. Table number 1 and figure 5 shows the
advantage of using inter chromosomal repeats than
using only intra chromosomal repeats.

From the above example it is clear that if we only try to
find intra chromosomal repeats in the sequence 1, the

number of repeats we get is 58 with minimum size of
100bpb. Intra chromosomal repeats in the sequence 2,
the number of repeats we get is 36 with minimum size
of 100bpb. But when we combine both the sequences
and try to find the repeats, the number of repeats found
is 94 in number. This study shows how compression
can improve if we use inter chromosomal repeats
instead of only intra chromosomal repeats.

Table 1: Comparison of Inter and Intra Chromosomal Repeats.

Sequence Name Min. BPB Size No of Repeats Type of Repeat
Saccharomyces cerevisiae S288C chromosome I 100 58 Intra
Saccharomyces cerevisiae S288C chromosome II 100 36 Intra

Saccharomyces cerevisiae S288C chromosome I+11 100 49 Inter
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Fig. 5. Comparison of Inter and Intra Chromosomal Repeats.

RESULTS

From the procedure discussed above, the difference
between inter and intra chromosomal repeats can be
easily understood. The graph depicts the difference

between the sum of Repeats in Intra Chromosomal
Search and Inter Chromosomal Search.
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Fig. 6. Shows the difference between the sum of Repeats in Intra Chromosomal Search and Inter Chromosomal
Search.

The current study is not only focusing on development
of a novel DNA compression Algorithm, but also aims
at improving the compression ratio of already existing
algorithms. As already concluded — “More number of
repeats better is the compression”. Table Number
shows the huge difference between Intra and Inter

Chromosomal Repeats in number. This study is not
only end up developing a better compression algorithm
but will also change the approach of already existing
repeat based DNA compression algorithms, hence forth
improve the compression ratio of all existing
algorithms.

Table 2: Comparison of Intra Vs Inter Chromosomal Repeats of Saccharomyces cerevisiae S288C, which
clearly shows the difference between the two different type of repeats.

Repeats Intra Chromosomal Repeats Inter Chromosomal Repeats

1 58 2712
I 36 2944
11T 48 2706
v 352 7034
v 62 3464
VI 2 2002
Vil 88 3692
VI 32 2742
IX 62 2538
X 50 3248
XI 12 1560
XII 198 5686
X1 80 3564
X1V 18 2806
XV 66 3292
XVI 94 4062
SUM 1258 54052
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