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Rules of 8-mer usage in genome sequences and its relation to genome evolution

ZHU Xiaoxian, YANG Zhen, DUAN Chengyan, LU Wenping, LI Hong"
(School of Physical Science and Technology, Inner Mongolia University, Huhhot 010021, China)

Abstract: The rules of k-mer non-random usage in genome sequences and its biological significance are important
problems and its mechanism is still not clear. Based on seven genome sequences, the distributions of 8-mer
frequency spectra were gotten. Results show that 8-mer spectra of dog and cow are trimodal and of zebra fish,
medaka, nematode and yeast are unimodal. For chicken genome, the 8-mer spectrum is a medium between the two
models. When the 8-mer set were classified into three subsets according to XY dinucleotide content, results show
that only if in CG dinucleotide classification, the 0CG, 1CG and 2CG subsets form independent and unimodal
distributions respectively. Compared with random sequences, it is found that OCG motifs are the result of the
random evolution, 1CG/2CG motifs are the result of the directed evolution and their frequencies are far low from the
random frequencies. The rules of independent separation for the three CG subsets have species universality. Results
indicate that the prime reasons about unimdals or multimodals of 8-mer spectra in different species are the distance
differences of the three CG spectra. When seven genome sequences are normalized into 10° bp, results show that the
spectra of 1CG and 2CG motifs are correlated significantly with genome evolution and of 0CG motifs has not obvious
relation to genome evolution. We think that the three CG motifs have different biological functions. The rules of
independent separation for the three CG subsets will provide a novel idea to research genome structures and
evolutions and provide a method to reveal the functional elements in genome sequences.
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Table 1 Sequences information of seven genomes

Wb & Fx TR EKFE/ (bp) ASERES VS RATIA

Dog (1)) H. hyaena 2 318 226 206 38 May. 2005 ( canFam2)
Cow (%) B. taurus 2 545 896 661 29 Oct. 2007 (bosTaud)
Chicken (¥3) G. gallus 957 020 481 28 May.2006 ( galGal3)
Zebra fish (BEDh ) D. rerio 1 322 655 876 25 Dec. 2008 ( danRer6)
Medaka (75 fiff) 0. latipes 712 924 927 24 Oct. 2005 (oryLat2)
Nematode ( 75 £k HL) C. elegants 82 553 665 5 May 2005 (apiMel3)

Yeast (BRIEEERE) S. cerevisiae 12 071 326 16 Feb. 2013 (cell)
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Fig.1 Distributions of frequency of appearances (FA) with 8-mer frequencies in seven genome sequences
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Table 2 Most probable frequencies of the three CG subsets spectrums in the normalized genome sequences

RN 2% 5, 3 E)

=4 CG BEA TR AR

ST 5 S AR B LU AL, 320 p, BT S P

HALRIC R LA 3,

Name

Random 0CG 1CG 2CG

Dog 15 259 10 295 1551 281
Cow 15 259 15 496 1393 309
Chicken 15 259 18 021 1824 429
Zebra fish 15 259 9 058 3 350 1452
Medaka 15 259 8 768 2 786 1376
Nematode 15 259 6 856 4252 2 495
Yeast 15 259 11 101 5302 2 320
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the three CG subsets spectrums and genome evolutions
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