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Abstract

Background

Lipopolysaccharide (LPS) is a pathogen associated molecularrp@®AMP) of animal
and plant pathogenic bacteria. Variation at the interstrainl isveommon in LPS
biosynthetic gene clusters of animal pathogenic bacteria. Thistioarihas been
proposed to play a role in evading the host immune system. Even thougis l&PS
modulator of plant defense responses, reports of interstrain @anatLPS gene clusters

of plant pathogenic bacteria are rare.

Results

In this study we report the complete sequence of a variant 19.9 kilotBSpresent in
the BXO8 strain oXanthomonas oryzae pv. oryzae (X00), the bacterial blight pathogen
of rice. This region is completely different in size, number andnizgtion of genes
from the LPSlocus present in most other strains of Xoo from India and Asia.
Surprisingly, except for one ORF, all the other ORFs at th©®8BXPS locus are
orthologous to the genes present at this locus in a sequenced s¥Xaaxafopodis pv.
citri (Xac; a pathogen of citrus plants). One end of the BXO8 pBfe cluster,
comprised of ten genes, is also present in the related ribegest X. oryzae pv.
oryzicola (Xoc). In Xoc, the remainder of the LR§&ne cluster, consisting of seven
genes, is novel and unrelated to LPS gene clusters of any ofsefeenced
xanthomonads. We also report substantial interstrain variation swggestery recent
horizontal gene transfer (HGT) at the LBiSsynthetic locus oKanthomonas campestris

pv. campestris (Xcc), the black rot pathogen of crucifers.
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different Xanthomonads. We report that the BXO1 and BXO8 strainofhéave LPS
gene clusters that are completely different in sequence, numbdeprganization of
genes. The 12.2 kb LPS gene cluster of BXO1, which is also preseéfdoi strains

KACC10331 and MAFF311018, does not show significant similarity to the gdé¥te

clusters of any of the other sequenced xanthomonads, while the BRS§ehe cluster
is highly similar to the LPS locus of Xac strain 306, a citrubggen. The BXOL1 strain
belongs to pathotype 1b [30] of Xoo0 in India while the BXO8 strain reptesedifferent
pathotype, not yet given a designation but similar to pathotype 2 [30t 8dhains to be
determined whether the differences in pathological propertizgeba the BXO1 and
BXO8 strains depend on the differences in their LPS gene clusters.

Interestingly, in strain BLS256 of the related xanthomonad, Xoc, amgyhalf of
the LPS gene cluster is similar to that of the LPS lo8X©8 and Xac strain 306. This
suggests the possibility that the ancestor of botlryzaepathovars had an Xac strain
306 type of LPS gene cluster, that one HGT event in the anadstbe Xoc lineage
replaced part of a Xac strain 306 type of gene cluster with segelences, and that one
more HGT event occurred to introduce a totally new LPS gene cluster intocéesa of
most Xoo strains. In previous work, we showed that the BXO1 type ofdu$er is
present in Xoo strains from India, Nepal, China, Malaysia, Indonési& hilippines and
Korea [21]. This suggests that the HGT event which led to the intioduaf the BXO1
type of LPS cluster into the Xoo genome must have occurred betodsipersal of the
ancestor of these strains to the many widely separated locations in whiclngtieynd.

Genes at the LPS loci are important contributors to pathogenasiatidhs at the

LPS loci in Xoo and Xcc result in severe virulence deficiency [7,8,11&6jutation in
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Figures

Figure 1. Genetic organization of the LPS gene clust er of Xoo strain BXO8 and
comparison to LPS gene clusters of Xac strain 306 a nd Geobacillus

stearothermophilus strain NRS 2004/3a.

Orthologs are indicated by arrow lines. Rearrangement of ORF1BX®S8 in
comparison to its counterpart XAC3592 is indicated by a double head®d ®RFs
shared by strains are represented by filled block arrows. @pdesfic to one of the gene
clusters are represented by empty block arrows. Values in pasestindicate pairwise

% nucleotide identities of orthologs.

Figure 2. Comparison of the LPS  gene clusters of BXO8 and Xoc strain BLS256.
Orthologs are indicated by arrow lines. Rearrangement of ORF&Omparison to its

counterpart XOC3003 is indicated by a double sided arrow. ORFs shabadhbstrains






Table 1. Homologs of predicted products of ORFs in the LPS locus of Xoo strain

32

BXO8
ORF Putative function | Homologous Accession | I/S (E
(product protein (size [aa]) Organism no. value)®
size [aa])
ORF1 (260) ABC-2 type ABC transporter Xac strain 306 AAM38444| 70/84
transporter permease (260) (2e-85)
ORF2 (410) ATP binding ATP binding protein| Xac strain 306 AAM38443| 74/84
(409) (4e-172)
ORF3 (386) unknown Hypothetical protein| Xac strain 306 AE008923 51/65
(563) (5e-92)
ORF4 (611) O-antigen O-antigen biosynthesis Xac strain 306 AAM38441| 66/79
biosynthesis protein (614) (0)
ORF5 (417) glycosyl transferase Hypothetical grote | Xac strain 306 AE008923 61/73
(419) (5e-141)
ORF6 (311) transposase 14 (349) Xoo YP_202804 | 97/98
KACC10331 (4e-145)
ORF7 (158) transposase 1158 (158) Xo00 YP_201135 | 89/92
KACC10331 (1e-76)
ORF8 (521) unknown Hypothetical protein| Xac strain 306 AAM38439| 44/61
(581) (3e-102)
ORF9 (136) glycosyltransferase Hypothetical protein Xac strain 306 AAM38438| 50/70
(132) (2e-33)
ORF10 (452) | Unknown Hypothetical protein| Xac strain 306 AAM38435| 32/50
(746) (7e-13)
ORF11 (430) | protoporphyrinogen| phytoene desaturase | Xac strain 306 AAM38437| 78/88
oxidase (428) (0)
ORF12 (312) | epimerase NAD dependent Xac strain 306 AAM38436| 81/89
epimerase (314) (4e-148)
ORF13 (223) | methyltransferase Methyltransferape tyNocardioides ABL82494 48/64
11 (229) sp. JS614 (7e-52)
ORF14 (242) | dehydrogenase Short chain Xac strain 306 AAM38434| 90/95
dehydrogenase (242) (3e-109)
ORF15 (433) | oxidoreductase Putative Xac strain 306 AAM38433| 93/94
oxidoreductase (433) (0)
ORF16 (481) | prenyltransferase Integral membrane| Xac strain 306 AAM38432| 95/97
protein (481) (0)
ORF17 (328) | unknown function Integral membrane | Xac strain 306 AAM38431| 90/93
protein (292) (4e-126)

% and S indicate identity and similarity, respectively. E values weréneltay using
the BLASTX algorithm and screening the NCBI database.
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