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Abstract. Lossless compression is widely studied problem in computer sci-
ence. By archiving biological sequences we could increase computation effec-
tiveness of various bioinformatic algorithms as well as decrease storage usage
for biological data. We propose a new approach for compressing long DNA
palindrome-rich sequences based on LZMA and Zstandard algorithms.

Introduction

Compression of data is one of the most widely researched fields in theoretical com-
puter science. With the rapid growth of sequencing data, efficient genome com-
pression remains a critical challenge for storage and analysis. Modern compressing
algorithms like Zstandard [1] and LZMA [2] provide relatively good compression,
however could be modified with the respect to DNA structures. Algorithms like
DNACompression [3] or MFcompress [4] use some aspects of genome structure to
increase compression rate.

We consider nucleotide sequences as sequences over the four-letter alphabet
{A, C, G, T}. A sequence x is called a perfect palindrome if x = c(x), where c(x) is
an evolution that reverses x and changes A to T, C to G, and vice versa. For a string
xy, the reverse complement is c(xy) = c(y)c(x).

1. Palindrome-enchanced compression approach

We propose an approach, based on combination of palindrome finding and strong
compression algorithms such as LZMA [2] or Zstandard [1]. To compress string
x firstly we find all the perfect palindromes with at least min_arm_len length
of an arm and gap allowed loop. Then, we pick all the longest nonoverlapping
palindromes and encode them with three integers – coordinates of the beginning of
the palindrome, length of palindrome’s arm and length of the loop. After encoding,
we remove right arm of a palindrome from x.
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After retrieving, shortened string and palindrome coordinates are encoded
with compression algorithm like LZMA.

2. Results

We’ve tested our approach on a synthetic data, enriched with palindromes as well
as on genomes of Timspurckia oligopyrenoides, Palmaria palmata and on mito-
chondrial genome of Chordodes sp. [5]. Testing results for LZMA and Zstandard
are presented on tables 1 and 2.

Table 1. Best compressing results for Zstandard.

Genome Loop Min arm String, % Best decrease, %
Synthetic 0 8 12.8090 8.7584
Timspurckia oligopyrenoides 7 12 0.0986 0.1417
Palmaria palmata 9 12 0.0161 0.0706
Chordodes sp. 6 12 3.8965 1.6933

Table 2. Best compressing results for LZMA

Genome Loop Min arm String, % Best decrease, %
Synthetic 0 8 12.8090 9.2242
Timspurckia oligopyrenoides 5 10 0.1175 0.1895
Palmaria palmata 7 8 0.1182 0.1241
Chordodes sp. 4 16 3.4182 1.9108

Conclusion

Although overall space decrease could be seen irrelevant, genomes, that are largely
inflated with long palindromes could be compressed more efficiently than state-of-
the-art methods. Low computational complexity allows fast computation of pro-
posed compression.
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