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Abstract As important characteristics of DNA sequence compositions, genomic oligonucleotide usage pattern and its bias study
have been widely used in the analysis of prokaryotic genomes. Nevertheless, it remains unclear whether the bias of the genomic
oligonucleotide usage pattern possesses species-specific properties of the genomes and reflects species functions or not. Based on a
Markov chain model, a novel index — the characteristic vector of trinucleotide transition probability bias (tri-TPB), namely the
distribution pattern of maximum trinucleotide transition probability bias, was proposed to measure the oligonucleotide usage pattern
bias. 727 representative prokaryotic genomes were analyzed and compared their characteristic of tri-TPB vector. Our results showed
that the closer the phylogenic relationship is, the more similar the characteristic of tri-TPB vectors is; especially, an almost identical
characteristic vector tri-TPB pattern remains seen nearly in all genomes within the same species, is independent of genome GC
contents. In addition, it was indicated that the similaritis of characteristic vectors of genomic tri-TPB patterns correlate closely with
the pathogenicity of bacterial strains. The present results provide us a new perspective for the analysis of genome evolution and their
pathogenicity evolution in genomic oligonucleotide composition and distribution.
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TR SRAE JFAZ LN, 3B R E HA AR B e
R G, MEZERS &AM ZBIANT)T
12 RVEFK AT 7 (Muto and Osawa, 1987; Karlin et
al., 1993; Karlin et al., 1994; Karlin et al., 1997). i 57
K, W R B RO E AR 4%
DRIVEERE DL B2 i fey T AR 45 22 T DR 2 () R 98, s i R A
Fk 1) 2 E 5 FE R 2H A% R 1) 48 B X (Grantham
etal., 1981; Bibb et al., 1984; Shah and Gilchrist, 2011);
A WL I A% B B AR 3 AR & — Fh 2 R4
25, WILLHSRREIA AR R RE . RN T
FEHIERE . WA DNA Bif. Sl FEEN
i DA K 4 %0 445 (K ariin and Burge, 1995; Karlin,
2001); i A% A4 25k IR 4 1) DU AZ 7 1% £l P A3 XU (tetran-
ucleotide usage departure, TUD) A ¥Fids 74, H
TUD MEIIRGK BN &H—EMHEE B (Pride et
al,, 2003). HEAh, VFEME RGAHISIIR SAMRIAR 53
FERA S M TR CGREFRES BRI ESF
#£45 5%(Orr and Zoghbi, 2007; Haberman et al., 2008).

A mnE, HEEAMHZR 2 EBRENY
Wi, 2T BN (1) 20 A 2 DA T 1 fidAH 5%
P RFGRE R FR. R SSU rRNA (small subunit
RNA)ER O Z B T RG KB F I fi
(Woese and Fox, 1977), {HH T1E N R AL E
BN IR IR AT A 2 K (Ochman et al., 2000)[1)
W AFAE, [H5HTF SSU rRNA 3 [H LA K HoAth 25 15
HuhL LR SRS R AR B K R A H I 2 A
—&(Doolittle, 1999); [FiF, SSU rRNA LK EA =
JEGRSFVE, XA L L2k SSU rRNA 2[5 Af
e AEF MR AL, SFEHERGREN L2
W R SR EETE it (Hasegawa and Hashimoto, 1993).

AT, T /R n] AR 7387 7 15(Phillips
et al., 1987) & /n Rl FE L H R AEHE K A v th A
FHEM—ME TR, 07, EREREENR Y
A0 1) JR S 0 Al e 2 M3 e R A AT = [ 1Y)
Ze 51, AMEAE TR AL 3 DR 20 A B 1) 22 S
) —FA B G e, 1 H 2 7 R 2
TR R BN 15 A v, 30 & A Y ppiditl
PG R TRAVEE, (ERKHAE—TT IR B/
ERGEME 2, BRJEA SSU rRNA JE[K pr Lk R
Db ) 22 S DA B 0 e 72 S 5 B Pk 2 e S AE )
DIREZ M HoRHE. BTk, ARSCEW T — A E
558 DR A1 R A IR R4 1 R S Al A B B ) 2R AR
RERERAIVE R 5 40 = #% 1 B2 (trinucleotide,  tri-)
AL i 5 (transition probability bias, TPB), A7~
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Figure 1 Linear correlations of characteristic tri-TPB vectors
among some genomes with same GC content
Note: A: Similarities between Gammaproteobacteria H. pylori
26695, H. pylori strain J99 and an evolutionary distant strain L.
reuteri DSM 20016. They contain the same GC content of 38%;
B: Correlation among Firmicute bacterium C. botulinum A str.
ATCC 19397, C. botulinum strain ATCC 3502 and evolutionary distant
strain M. synoviae. All contain nearly the same GC content of 28%
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Figure 2 Linear correlation of characteristic tri-TPB vectors
among different chromosomes of V. harveyi (A) and B. cenocepacia
(B, C, and D)
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TUD PP TS AR — 2 (Pride et al., 2003). IXTE
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Figure 3 Average correlation coefficients of characteristic tri-TPB
vectors among E. coli str. K-12 substr. MG1655 and other
different strains within the same Species, Family, Class,
Phylum, and Kingdom with K~12 respectively
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IERIRR, EATR ti-TPB 2 A kAR L. 55— 71,
EFha N ZERANE, TEF 1] AORRHA, Sk
DHZH tri-TPB RFAE ) 2 7] FRRH G 2R 2RI b v 22 2 Y
FHE 4). XMAETL 1. HRRIA ISR tri-
TPB RFAIE [ &2 ) 4 3 22 S, ROt JRA A 2k
D] 20 = A% I e P R 3 do K A a5 20 AT TR 22 R

1.3 LI tri-TPB RefiE il BB A BUR B
BT B 5 B B J (Pseudomonas) N B AT AN [R] £
TRPERFAE R, FRA17 4T LU T IR — R N 38 2
AR B R A QB ZE R 2H tri-TPB RFAIE [ &[]
KA, Pridsi RunlE 4 fos. Kb, Ga ZoRshME
953 4 B B (Stover et al., 2000; Vodovar et al., 2006),
L% P aeruginosa PA7. P aeruginosa UCBPP-PA 14,
P aeruginosa LESB58. P aeruginosa PAO1 Fl P,
entomophila LA8 TL/NE: Gp AMEYIEUR AL B #F
(Feil etal., 2005), & P syringae pv. syringae B728a-.
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tomato str. DC3000 =/M##k: Gn 2 AEBUR B R
(Nelson et al., 2002), H P fluorescens SBW25. P
fluorescens Pf=5. P, fluorescens Pf0-1. P, putida F1.
P putida KT2440. P, putida GB-1. P putida S16. P
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ymp % 10 AN EHRALIR: R85 Bl 4L
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19

1.4 p<0.01
2r (——W
1.0 - I = I
g ! il
=
5081 I
>
=
2206
KE04F
EO
02
0.0
Ga ++ - - + + -
Gp -  ++ - + -+
Gn - - ++ - 4+ o+
4 Pseudomonas T J& PN AR B0 7Y b #R1H] tri-TPB 4FAiE )
EACHE

TE: AHOCR B 45 R ASHE AR 2 T SRR

Figure 4 Similarity of characteristic tri-TPB vectors among
groups of Pseudomonas with different pathogenicity

Note: The data of correlation coefficient are presented as mean+=SE
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Figure 5 Phylogenetic tree of 18 Pseudomonas strains with
different pathogenic features

Note: Animal pathogenic bacteria are within solid box; plant
pathogenic bacteria are within dotted box; and others are avirulent
bacteria. 16S rRNA sequences were subjected to neighbor-joining
analysis using maximum composite likelihood distance matrices.
Bootstrap values based on 500 replicates are represented at
each node of phylogenetic tree

HEAMARAE T &Y F DNA 751 2 [A]
(Ochman et al., 2000; Juhas et al., 2009), [FJAFE R4
TE T 2 40 T AN A% A= 0 1 [R) 5 2 PR 22 1] (Hotopp et
al., 2007). XA REFEERG R RIET PR A
G R WEE R GBS, BATREREH,
SR HRHIE ti-TPB [ EAEF BN R AR, H
EFPRSFPEA O T2 A1 GC F RN, X
BEWE: BRI TEBIS, BASSEMEN
FR 2R, (EAS SEUERA ti-TPB FHIEA =)
AR, RUEFFERIAL tri-TPB AL [a) & 1] (AR AL £
BEYFh o3 G 0 () e i 2 ek /N (B 4), {H 200] R
FRft T — AL T S A R R R bR
T A& AE 3R B AREAIE 204 e = I P AR I RS K
B R RHMEWT, 70 I R BURHAE B T 15 45 SR 1)
HIELEE, FETEBER RNA 0 FREFHI R A K
BN — M SR TR RE W, X —
JTEAEZ Y F E] ) 2 S 2 H B E X (Woese and
Fox, 1977). WHFE I, FePH 20 Hh ARG e (1) 2 R e
LS9 01E 5% SEEURES IR, A%
R R 1) R R U 2 5 0B e B R R 1Y A o

20

T2, Wngmiiz iR RNA F12E A (Lawrence, 1999).
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AL . BRI, RS E bk LA Bl R Ak L A
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