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Introduction. Genome size

Group

Example genome

Approximate C-value

Virus
Bacterium
Insect
Mammal

SARS-CoV-2
Escherichia coli
Fruit fly
Human

30 kb

4.6 Mb
180 Mb
3.2Gb




Introduction. Compression with Lempel-Ziv.

One of the most popular approaches on compression are based on LZ-family of

algorithms.
The main idea of LZ77[Lempel, Ziv, 1977] is to encode repeated fragments by references
to already processed text.

1. Keep a sliding window over the previous symbols.

2. Find the longest match starting at the current position.

3. Output a code (d, ¢, a): distance, match length, and next symbol.
4. Shift the current position by £ + 1 and repeat.



Introduction. LZ77 compression example.

For the string
S = ACAGAATAGAGA,

one possible LZ77 encoding is

LZ77(S) = (0,0,4), (0,0,0), (2,1,6),
(2,1,4), (0,0,T), (5,3,G), (2,1,¢).

Here (5,3,G) means: go back by 5 symbols, copy 3 symbols AGA, then write G.



Introduction. LZ77 decompression example

Step | Token | Reconstructed string
1 1(0,0,4) A
2 |(0,0,C) AC
3 1(2,1,6) ACAG
4 (2,1,4) ACAGAA
5 1(0,0,T) ACAGAAT
6 |(5,3,6) ACAGAATAGAG
7 | (2,1,6) | ACAGAATAGAGA




Introduction. LZMA procedure

LZMA[Salomon?, 2000],[Pavlov???] is a modification of LZ77 approach. It is used in
7-zip archiver.

1. delta coding

2. LZ77

3. range coding[Martin, 19790]



Introduction. Some words on delta coding

Let’s assign to all the symbols some integer, that represents them. Then, we could
encode almost each symbol as it's difference with previous one. Some sort of motivation
is that

H(X|Y) < H(X)

Example

For a string
IEAIAIO

delta code would be
I -4-4+4+8—-8+8+6

Palinodrome DNA compression



Introduction. Almost none words on region coding

To encode a sequence we could compute a probability of each symbol (or, a word). After
that we could pick a big integer A, and divide an interval [0, A] on a subintervals
according to found probabilities, which could be mapped to our words.
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Introduction. Palindromes in Biological sequences.

Let us consider nucleotide sequences. The nucleotides {A,C,G, T} form two
complementary pairs:

c(A) =T, ¢(T) = A, ¢(C) =G, and ¢(G) = C.

Next, c() denotes the reverse complement, i.e., c(zy) = c(y)c(x) . For example,
c(AACG) = CGTT. In DNA, a perfect palindrome is an inverted sequence repeat, i.e.,
reverse complement of itself.



Introduction. Hairpins

Figure: Hairpin example.



Finding palindromes with loops (gaps).

We allow palindromes with at least min_arm_1len length of arm and with at most gap
length of loop. We use a simple quadratic algorithm — for each potential loop of
palindrome of length gap we expand borders of a palindrome simultaneously while arms
remains complementary.

1. Expand borders 2. Stop on mismatch
left pointer right pointer v
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Our compression approach
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Our compression approach

1. find all of the palindromes with respect of our constraints

2. pick all the maximal palindromes(i.e. palindromes of maximal lengths not
overlapped by another palindromes)

3. each palindrome we encode as coordinates of it's left arm, and length of it's loop
and write binary representation in end of the string.

4. right arm is removed from string as it can be easilly restored from the left arm.

5. use compression method of choice(LZMA /Zstandard/etc.)



Results for Zstandard.

Table: Best compressing results for Zstandard[Collet, Kucherawy, 2021].

Genome Loop | Min arm | String, % | Best decrease, %
Synthetic(10k nucl/300 pali) 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




Results for Zstandard.

Table: Best compressing results for LZMA.

Genome Loop | Min arm | String, % | Best decrease, %
Synthetic(10k nucl/300 pali) 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




Discussion

Our approach helps to increase compression rate for on-specialised compression
algorithms in biological data. The next step would be usage of imperfect palindromes
during our compression.
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