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Abstract

Two Gram negative, facultatively anaerobic, halophilic, motile, slightly curved rod-shaped
bacterial strains MSSRF60" and MSSRF64 were isolated from the roots of a mangrove-associated
wild rice collected in the Pichavaram mangroves, India. These strains possess the key functional
nitrogenase gene NifH. Phylogenetic analysis based on the 16S rRNA, recA, gapA, mreB, gyrB
and pyrH, gene sequences revealed that strains MSSRF60" and MSSRF64 belong to the genus
Vibrio, and had the highest sequence similarity with the type strains of Vibrio diazotrophicus
78937 (99.7, 94.8, 98.5, 97.9, 94.0 and 90.7%, respectively), V. areninigrae J74" (98.2, 87.5,
91.5, 88.9, 86.5 and 84.6% respectively) and V. hispanicus LMG 13240" (97.8, 87.1, 91.7, 89.8,
84.1 and 81.9%, respectively). The fatty acid composition too confirmed the affiliation of strains
MSSRF60" and MSSRF64 to the genus Vibrio. Several phenotypic traits were able to
differentiate these strains from the closely related Vibrio species. The DNA G+C content of strain
MSSRF60" was 41.8 mol%. Based on phenotypic, genotypic (MLSA), AT, genomic
fingerprinting (BOX-PCR) and DNA-DNA hybridisation analyses, strains MSSRF60" and
MSSRF64 represent a novel species of the genus Vibrio, for which the name Vibrio plantipsonsor
sp. nov. is proposed. The type strain is MSSRF60" (=DSM 21026"=LMG 24470" =CAIM 1392").

Introduction

The family Vibrionaceae consists of a large number of ecologically diverse species [16],
distributed into six genera Vibrio [8], Photobacterium [7], Salinivibrio [30], Grimontia [44],
Enterovibrio [43] and Aliivibrio [51]. Currently, the genus Vibrio contains more than 80 described
species (www.vibriobiology.net); most of these species were distributed into thirteen
phylogenetic robust clades; namely Anguillarum, Cholerae, Coralliilyticus, Diazotrophicus,
Gazogenes, Halioticoli, Harveyi, Nereis, Nigripulchritudo, Orientalis, Scopthalmi, Splendidus and
Vulnificus based on the multilocus sequence analysis of nine genes (i.e., ftsZ, gapA, gyrB, mreB,
pyrH, recA, rpoA, topA, and 16S rRNA) [40]. This genus includes type strains from various
marine environments including seawater and marine sediments and from various organisms
ranging from plankton to fish where they act as facultative symbionts, parasites or as pathogens
[49]. But very few strains were described from plant rhizospheres even though, many studies have
shown the recovery of Vibrio strains from various plant rhizospheres using culture-dependent and
—independent methods [3,4,28,32], namely Vibrio rhizosphaerae MSSRF3" [33], V. porteresiae
MSSRF30" [36] and V. mangrovi MSSRF38" [34]. V. diazotrophicus and V. hispanicus are

members of the diazotrophicus clade [40] with the recent addition of V. areninigrae [11]. Among



this clade, only V. diazotrophicus has been shown to have diazotrophic activity; it was isolated
from the gastrointestinal tract of sea urchins [21]. The two other species were isolated from black
sand, from Artemia sp., and from sea water, but none had been shown to have diazotrophic
activity. The species which are capable to fix nitrogen are V. diazotrophicus [21], V. porteresiae
MSSRF30" [36], and V. mangrovi MSSRF38" [34]. Reports from environmental Vibrio strains
namely, V. natriegens, V. pelagius, and V. cincinnatiensis [52], V. anguillarum, and V. campbellii
[22], and V. parahaemolyticus [13] have also shown to fix nitrogen. During the course of our
studies on diazotrophic bacteria from mangrove-associated wild rice collected in Pichavaram,
India, we found that two isolates MSSRF60", MSSRF64 constitute a novel species; this paper

describes Vibrio plantisponsor sp. nov.

Materials and methods

Isolation and bacterial strains

Bacterial strains MSSRF60" and MSSRF64 were isolated, as described earlier [35] from roots of
mangrove-associated wild rice (Porteresia coarctata Tateoka), Pichavaram mangroves, Tamil
Nadu., India. Bacteria (strains MSSRF60', MSSRF64, V. diazotrophicus CAIM 613" (=DSM
2604"), V. hispanicus CAIM 525" (=DSM 16580") and V. areninigrae CAIM 1411" (=DSM
22054") were maintained on ZoBell marine agar (HiMedia, India) at 4 °C and was stored at -80

°C in ZoBell marine broth (Himedia, India) containing 20 % (v/v) glycerol.

Phenotypic characterization

Isolates MSSRF60" and MSSRF64 were observed under a phase-contrast microscope after 48 h
growth in ZoBell marine broth at 28 °C to check for cell shape and motility. Gram staining was
performed using the Gram staining kit (Himedia, India). Phenotypic characterization was
performed using commercial miniaturized kits (API 50CH and API 20E; bioMerieux) and
HiCarbohydrate kit (Himedia, India). The results were read after 24 and 48 h incubation at 28 °C,
respectively. All suspension media for API test strips were supplemented to achieve a final
concentration of 2.5 % NaCl, and for the HiCarbohydrate kit, to achieve 1.5 % (w/v) NaCl.
Nutritional screening on multi-inoculated basal medium plates was performed by using previously
described methods [29]. Growth at different NaCl concentrations [0 to 10 % (w/v)] was
determined on 1 % tryptone broth [36]. Catalase activity was determined by bubble formation in a
3 % H,0, solution. Oxidase activity was determined by using cytochrome oxidase paper
(Himedia, India). The temperature range (10, 20, 37, 40 and 42 °C) for growth was determined by

incubating the isolates on ZoBell marine broth for a week. To test the ability to grow in TCBS,



strain MSSRF60" and MSSRF64 were tested for growth on thiosulphate/citrate/bile salts/sucrose
agar (TCBS; Merck) plates by incubating them 48 h at 28 °C. Resistance to the vibriostatic agents
0/129 (10 and 150 pg; Oxoid) was tested on ZoBell Marine agar medium by incubating at 48 h at
28 °C. V. diazotrophicus CAIM 613", V. hispanicus CAIM 525" and V. areninigrae CAIM 14117
used as reference strains in all above tests. For analysis of fatty acids, cells were grown on Marine
Agar. After incubation for 1 day at 28°C, whole cell fatty acid methyl esters (FAMEs) were
obtained by methods previously described (24) and separated by a gas chromatograph (model
5898A, Hewlett Packard). Peaks were automatically integrated and fatty acid names and
percentages were determined using the Microbial Identification standard software package MIDI

(38).

Phylogeny

Genomic DNA was extracted from isolates MSSRF60', MSSRF64 and V. areninigrae J74" as
described [2]. PCR amplification and sequencing of the 16S rRNA, gapA, mreB, recA, gyrB,
pyrH gene fragments were done as described previously [36,40]. The sequences of these genes
were compared against the sequences available from GenBank using the BLASTN program [1]
and the EzTaxon database [12]. The levels of 16S rRNA gene sequence similarity were
determined by using the EzTaxon server (http://www.eztaxon.org/; 12). The sequences of these
genes were compared against the sequences available from GenBank using the BLASTN program
[1] and were aligned using CLUSTAL W software [48]. The concatenated sequences represented
more than 90 % of the coding region for gapA, mreB, recA, gyrB, and pyrH genes, respectively.
Distances were calculated according to Kimura's two-parameter correction [25]. Phylogenetic
trees were inferred using the neighbour-joining [37] and maximum-parsimony [17] methods.
Bootstrap analysis was based on 1000 resamplings. The MEGA3 package [26] was used for all

analyses.

nifH amplification and sequencing

nifH amplification was done as described previously [32,36]. For sequencing, the amplified DNA
was separated on a 1% agarose gel, and a single nifH amplicon was purified using Eppendorf
Perfectprep Gel Cleanup Kit (according to the manufacturer’s instructions). The purified nifH
amplicon was used directly for DNA sequencing with the dideoxy chain termination method with
the BigDye terminator kit (Applied Biosystems) using the above mentioned nifH primers, and the
reaction products were analysed by capillary electrophoresis on an ABI 310 Genetic Analyzer

(Applied Biosystems). For phylogenetic analysis, partial nifH nucleotide sequences were aligned,



and a neighbour-joining phylogeny was constructed in the MEGA3 version using pairwise

deletion of gaps and missing data and Kimura’s two-parameter correction [25].

DNA-DNA hybridization and DNA base composition

DNA-DNA hybridization studies were carried out following two protocols with strains
MSSRF60", MSSRF64 and its phylogenetically most closely related neighbours as revealed by
16S rRNA analysis; 1) DNA-DNA hybridization studies were performed as described by [14]
under consideration of the modifications described [23] using a model Cary 100 Bio UV/VIS-
spectrophotometer equipped with a Peltier-thermostatted 6x6 multicell changer and a temperature
controller with in-Situ temperature probe (Varian). For hybridization analysis, cells were disrupted
using a French pressure cell (Thermo Spectronic), and the DNA in the crude lysate was purified
by chromatography on hydroxyapatite as described [10]. 2) The DNA-DNA relatedness was
measured by the difference in ATy, of the type strain and the hybrid of the proposed new species
strain and the type strain, also by thermal denaturation temperatures [20]. Hybridizations between
MSSRF60'=CAIM 13927 and CAIM 525" (V. hispanicus), CAIM 1392" and CAIM 613" (V.
diazotrophicus), CAIM 13927 and CAIM 14117 (V. areninigrae), and CAIM 525" and CAIM
14117 were done in 0.1 pg pl' SSC (67.5 pl final volume) at 60 °C with a final DNA
concentration of 45 ng pl of each strain (heterologous hybrids). For the homologous hybrids,
only the type strains were used at a final DNA concentration of 90 ng ul™'. The hybridization
protocol was 10 min at 99 °C, then 8 h at 60 °C, followed by succession of steps each for 1 h at
10 °C below the previous temperature until 25 °C was reached. The samples were kept at 4 °C
until the fluorimetric determination was done [20]. Prior to the fluorimetric evaluation, 7.5 pl of
SYBR Green I (0.1 ul ml”! of 1X SSC) were added, mixed, and 25 ul dispensed in a 96-well
microtiter plate by triplicate. The hybridization was done twice. The G+C mol% was determined
by a fluorimetric method by thermal denaturation temperatures measured in quantitative PCR

equipment (iCycler, ver. 3.0 from Bio-Rad) as proposed [20].

Genomic fingerprinting
Genomic fingerprinting was performed using BOX primer as described earlier [32]. V.
diazotrophicus CAIM 613", V. hispanicus CAIM 525" and V. areninigrae CAIM 1411" were used

as reference type strains.



Result and discussion

Phylogenetic analyses

Phylogenetic analysis based on 16S rRNA gene sequences revealed that strains MSSRF60" and
MSSRF64 belonged to the genus Vibrio and were phylogenetically close related to species of the
Diazotrophicus clade [40] (Fig.1). The closest phylogenetic neighbours were Vibrio
diazotrophicus LMG 7893" (16S rRNA gene sequence similarity, 99.7 %), V. areninigrae J74"
(98.2 %), and V. hispanicus LMG 13240" (97.8 %). No other type strain of the genus Vibrio
showed sequence similarity values of more than 97.8 % to the 16S rRNA gene sequence. Both
strains analysed share 100 % 16S rRNA gene sequence similarities among each other. The
topology of the phylogenetic tree built using the maximum-parsimony algorithm was similar to
those of the tree constructed with the neighbour-joining method (Fig. 1). These values are well
above the cut-off value of 97 % for bacterial species definition [41], so other housekeeping genes
proven useful for the differentiation of Vibrio and its related species [33,34,36,39,40] were

analyzed.

For the present study, we used five housekeeping genes, recA, gyrB, pyrH, mreB and gapA in
order to verify the taxonomic position of strains MSSRF60" and MSSRF64. This analysis also
supported the phylogenetic positioning of strains MSSRF60" and MSSRF64 within the genus
Vibrio and were most closely related to species of the Diazotrophicus clade with high bootstrap
support values and revealed its distinct phylogenetic position (Supplementary Figs S1-S5).
Strains MSSRF60" and MSSRF64 shared 100 % sequence similarity among each other with five
housekeeping genes analysed. Pairwise sequence similarities between MSSRF60" and type strains
of closest neighbours of Diazotrophicus clade ranged from 87.1 % to 94.8 % (recA), 84.1 % to
94.0 % (gyrB), 81.9 % to 90.7 % (pyrH), 88.9 % to 97.9 % (mreB) and 91.5 % to 98.5 % (gapA)
(Table 1). These data corroborates with previous research that different genes show different
degrees of discrimination according to the group of vibrios under analysis [47,49] and revealed
that recA, gyrB, and pyrH, gene sequences has higher phylogenetic resolution then mreB and
gapA, gene sequences, as it showed relatively lower gene similarities (< 95 %, < 95 %, and <91
%) with its closest relatives (Table 1), as these similarity values were lower than the intraspecies
variation in the genus Vibrio [33, 36, 40, 47], indicating a separate species status for strains
MSSRF60" and MSSRF64. A multigene phylogenetic tree was constructed for MSSRF60" and
MSSRF64 using these five genes (recA, gyrB, pyrH, mreB and gapA). This analysis also showed
that the strains MSSRF60" and MSSRF64 occupy a distinct phylogenetic position (Fig. 2), thus



reinforcing the conclusion that strains MSSRF60" and MSSRF64 deserves the status of a separate

and new species.

DNA-DNA hybridization and DNA base composition

The DNA-DNA hybridization (DDH) percentage was done in duplicate, with 92.0 % and 87.9 %
between MSSRF60" and MSSRF64, 67.3 % and 65.5 % between MSSRF60" and V.
diazotrophicus CAIM 613", 30.5 % and 28.3 % between MSSRF60" and V. hispanicus CAIM
525", and 18.6 % and 17.3 % relatedness between MSSRF60" and V. areninigrae CAIM 1411".
These data showed that strains MSSRF60" and MSSRF64 belong to same species and neither of
them belongs to the other species of the Diazotrophic clade, as the values are well below the 70 %
DNA-DNA similarity threshold for the definition of bacterial species by the ad hoc committee
[53]. Previous reports have also shown a high DNA-DNA relatedness between different species
of the Vibrio [6, 15]. For instance, strains of Vibrio harveyi and Vibrio campbellii have up to 74%
DNA-DNA relatedness [46], >65% DNA-DNA relatedness between V. rotiferianus with V.
campbellii and with V. harveyi [18], 66 % DNA-DNA relatedness between V. fortis with V.
pelagius [45], V. hepatarius with V. orientialis [45] and V. neptunius with V. coralliilyticus [50],
67 % DNA-DNA relatedness between V. mimicus and V. cholerae [49]. Hence, we also
performed the other method recommended [42] for species definition, the divergence between the
thermal denaturation midpoint of homoduplex DNA and heteroduplex DNA (AT,,) as described
[20] with strain MSSRF60". This result showed that the mean AT,, between strain MSSRF60"
(=CAIM 1392") and V. hispanicus CAIM 525" was 11.9 °C (11.6-12.2 °C, Suppl. Fig. 6a), 11.15
°C (10.9-11.4 °C) between MSSRF60" (=CAIM 1392") and Vibrio diazotrophicus CAIM 613"
(Suppl. Fig. 6b), 15.75 °C (15.2-16.3 °C) between MSSRF60" (=CAIM 1392") and V. areninigrae
CAIM 14117 (Suppl. Fig. 6¢), and 12.6 °C between V. hispanicus CAIM 525" and V. areninigrae
CAIM 14117, as positive control (Suppl. Fig. 6d). These values are well above the 5 °C
established as a minimum to delineate a new species [53]. Thus, DNA-DNA relatedness and AT,
method clearly establishes the need for the proposal of strain MSSRF60" as a novel species of
Vibrio and this result is further supported from the multilocus sequence analysis of three genes
(recA, pyrH, and gyrB), were it showed gene sequence similarities lower than 95 % with its
closest type strains Vibrio diazotrophicus LMG 7893", V. areninigrae J74" and V. hispanicus
LMG 13240" (table 1). This clearly proves the fact that Vibrio strains which have housekeeping
gene similarities lower than 95 % (recA, pyrH, and gyrB) will have less than 70 % DNA-DNA

similarity [33,34,36,40,47,49], indicating the advantage of multilocus sequence analysis as a good



substitute for DNA-DNA hybridization in describing new Vibrio species. The determination of
the G+C content of strain MSSRF60" resulted in 41.83 mol%, which was in good agreement with
values for the genus Vibrio [5].

Genomic fingerprinting

The taxonomic relationship between the two novel isolates with its closest phylogenetic
neighbours as indicated by 16S rRNA analysis was determined using BOX-PCR. This result
showed that the two novel isolates (MSSRF60" and MSSRF64) are identical in their banding
pattern, indicating that they are belonging to same single species. Moreover they had distinct
banding pattern that is different from its closest neighbours, having less than 55 % pattern
similarity (Fig. 3), which indicates that these two isolates doesn’t belong to any strains of
Diazotrophicus clade and further supporting the results of DNA-DNA relatedness. As it is has
been previously shown that rep-PCR similarities around 65 % represent more than 70 % DNA-
DNA similarity (31), adding to the advantage of using genomic fingerprinting as additional
taxonomic data to prove whether the isolates are novel, especially to isolates where

phenotypically the isolates are indistinguishable, as in case of Vibrio species (49).

Phenotypic characteristics

The isolates MSSRF60" and MSSRF64 had the main phenotypic features of the genus Vibrio-
straight to slightly curved rods, motile, facultative anaerobe, gram-negative, oxidase and catalase-
positive. They grew on TCBS, were susceptible to the vibriostatic agent O/129 (150 mg per disc),
no growth in the absence of NaCl was observed and stimulation of growth by NaClL
Morphological, cultural, physiological and biochemical characteristics of strain MSSRF60" are
given in the species description and its differentiating phenotypic characters from its
phylogenetically related species were given in (Table 2). Variable reactions among the novel
isolates were observed when using 1) API 20E strips; strain MSSRF60" showed negative for
arginine dihydrolase, Voges-Proskauer and positive for gelatinase were as strain MSSRF64
showed positive for arginine dihydrolase and Voges-Proskauer and negative for gelatinase. 2)
Using method [29]; strain MSSRF60" showed positive utilisation for L-histidine, D-melibiose,
lactose and putrescine while weak utilisation for glycerol and L-rhamonse were as MSSRF64
showed weak utilisation for L-histidine, D-melibiose, lactose and putrescine while positive
utilisation for glycerol and L-rhamonse. The whole cell fatty acids of the two novel strains
(MSSRF60" and MSSRF64) were dominated by the unsaturated compounds Cs.; ®7¢ and Cig.;
o7c and by hexadecan. One hydroxylated, namely Cj,.0-30H, and two branched, namely is0-C4.9

and is0-Cje., fatty acids were detected (Supplementary Table S1). The compounds present as well



as their proportion are in good accord with the patterns described earlier for Vibrio species (9,
27). Chang and coauthors (2008) found minor amounts of two other iso-branched compounds,
is0-Cj6:0 and is0-Cjs.0, in the type strain of V. hispanicus, a fact which might be due to the longer
incubation time (3 d) before measurement which was applied be these authors. These additional
components were absent in V. areninigrae. The fatty acid composition confirmed the affiliation of
strains MSSRF60" and MSSRF64 to the genus Vibrio but offered no means to differentiate them
from their closest phylogenetic neighbours, stating the fact that fatty acid analysis can be used as

an additional phenotypic character (9,27, 49).

Diazotrophy

Studies have shown that plant roots, rhizosphere are good sources for isolating nitrogen fixing
strains from salt marsh ecosystems [3,4,28,32]. As the isolates MSSRF60", and MSSRF64
studied here are from plant roots, the strains were subjected to an nifH specific PCR amplification
using the primers [32,36]; the expected 390-bp amplification product was observed in all strains
(data not shown). The amplified 390-bp fragment of strain MSSRF60" was then sequenced and it
shared 97.4 % sequence similarity with Vibrio diazotrophicus, V. porteresiae (85.7 %), V.
parahaemolyticus (85.5 %) and V. natriegens (84.7 %). However, similarities with the other nifH
sequences from the NCBI database were 76.0-85.0 %. Phylogenetic analysis showed a clear
affiliation of the MSSRF60" nifH sequences with sequences from other N2-fixing Vibrio species
and clearly differentiated the MSSRF60" nifH sequences from those of other N2-fixing species

(Fig. 4).

In conclusion, based on the results presented in this study, we propose to classify the two strains
MSSRF60" and MSSRF64 in the novel species Vibrio plantisponsor. The novel species can be
differentiated from its phylogenetic neighbours by means of MLSA (recA, pyrH and gyrB), DNA-
DNA relatedness, ATy, genomic fingerprinting (BOX-PCR) and several phenotypic tests (table
2).

Description of Vibrio plantisponsor sp. nov.

(plan.ti.spon' sor. L. fem. n. planta, plant; L. masc. n. sponsor, sponsor, guarantor; N.L. masc. n.
plantisponsor, sponsor of plants, referring to the potentially plant-beneficial properties of the type

strain)



Cells are straight to slightly curved rods, motile, Gram-negative bacteria. Colonies on ZoBell
marine agar are circular, smooth, opaque and usually 2—4 mm in diameter within two days at 28
°C. Grows in the presence of NaCl concentrations from 0.5 to 8 % (w/v), and optimally in the
presence of 1 to 2.5 % (w/v) NaCl at 28 °C and no growth in absence of salt. Growth occurs at
10-40 °C (optimal growth occurs at 28 °C). The isolate grows on TCBS medium, producing
yellow colonies. Oxidase- and catalase-positive. The DNA G+C content of the type strain is
41.8 mol%. Aerobic or facultatively anaerobic, mesophilic and halotolerant. Able to ferment
carbohydrates. Negative for lysine decarboxylase, ornithine decarboxylase, H,S production,
urease, gelatinase, tryptophan deaminase, and Voges-Proskauer. Positive for arginine dihydrolase,
citrate utilization, indole production and aesculin hydrolysis. The strain produces amylases, B-
galactosidase and casienase. Ferments xylose, maltose, fructose, dextrose, galactose, melibiose,
sucrose, L-arabinose, mannose, ribose, cellobiose, D-arabinose and sorbose. Late acid production
from galactose, raffinose, trehalose, sodium gluconate, glycerol, inositol, sorbitol, adonitol. No
acid production from lactose, inulin, salicin, glucosamine, dulcitol, a-methyl-D-glucoside,
rhamnose, melezitose, a-methyl-D-mannoside, xylitol, and malonate when using Hicarbohydrate
kit. Utilisation as evident from API 50CH and API 20E strips; positive utilization for L-arabinose,
D-ribose, D-xylose, D-galactose, D-glucose, D-fructose, D-mannose, L-rhamnose, D-mannitol,
N-acetylglucosamine, arbutin, salicin, D-cellobiose, D-maltose, D-saccharose, D-trehalose, D-
raffinose, amidon, glycogen, gentiobiose, and potassium gluconate. Delayed positive reaction D-
lactose. Negative utilization of erythritol, D-arabinose, L-xylose, D-adonitol, methyl-betaD-
xylopyranoside, L-sorbose, dulcitol, inositol, D-sorbitol, methyl-alphaD-mannopyranoside,
methyl-alphaD-glucopyranoside, amygdalin, melibiose, inulin, D-melezitose, xylitol, D-turanose,
D-lyxose, D-tagatose, D-fucose, L-fucose, D-arabitol, L-arabitol, potassium 2-ketogluconate, and
potassium 5-ketogluconate. Shows sensitivity to the vibriostatic agent O/129. Utilisations as
evident from method [29] positive utilisation for 2-ketoglutarate, acetate, D,L,lactate, D-
cellobiose, D-fructose, D-galactose, D-galacturonate, D-glucose, D-glucuronate, D-mannitol, D-
mannose, D-melibiose, D-trehalose, fumarate, glycerol (weak), lactose, L-alanine, L-arabinose, L-
aspartate, L-glutamate, L-glutamine, L-histidine, L-leucine, L-ornithine, L-rhamnose (weak), L-
threonine, maltose, N-acetyl-D-glucosamine, propionate, putrescine, pyruvate, succinate, sucrose,
xylose and negative for p-hydroxybenzoate. The most abundant fatty acids are summed feature 3
(33.9 %; comprising Cis;; ®7¢), Cieo (24.2 %), Cis:1 ©7¢ and Cys.p 06¢ (17.7 %), Cia0 (5.7 %),
Ci2:0 (4.5 %), 150-Ci6.0 (2.4 %), summed feature 2 (3.3 %; comprising is0-Ci¢.; and Ci4,0-30H) and
Ci2:0 -30H (3.4 %). The following fatty acids are detected in small amounts; is0-Cj4.9 (0.6 %),
Ci5:0(0.4%), Cy7.1 ©8c (0.3 %), C17:0 (0.2%), Cis:0 (0.6 %), 11-methyl-C;s.; @7c (0.2 %), summed



feature 7 incl. Cjq.; @6¢ (0.5 %) and an unidentified fatty acid with an equivalent chain-length of

12.484 (0.7 %).

The type strain is MSSRF60" (=DSM 21026'=LMG 24470" =CAIM 1392") and was isolated
from roots of mangrove-associated wild rice (Porteresia coarctata Tateoka) and possess the nifH

gene
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Table 1. Results of pairwise sequence similarities ( mreB, gapA, gyrB, recA, and pyrH
genes) of strain MSSRF60" with its closest relatives.

Type strains Vibrio plantisponsor (Strain MSSRF60")

recA gyrB pyrH gapA mreB

V. diazotrophicus LMG 7893"  94.8 % 94.0 % 90.7 % 98.5 % 97.9 %
V. hispanicus LMG 13240" 87.1 % 84.1 % 81.9 % 91.7 % 89.8 %
V. areningrae J74" 87.5% 86.5 % 84.6 % 91.5% 88.9 %

Table 2. Phenotypic features useful for differentiating Vibrio plantisponsor sp. nov.
MSSRF60" from its phylogenetic neighbours as evident from 16S rRNA analysis. Taxa are
indicated as: 1, Vibrio plantisponsor sp. nov.(n=2); 2, V. diazotrophicus CAIM 6137; 3, V.

hispanicus CAIM 525"; 4, V. areninigrae CAIM 1411". +, Positive; -, negative; W, weak
positive. All data were from this study.

Characters 1 2 3 4
Isolation source Mangrove Sea black sand and Sea
roots urchins Artemia sp., water
Growth at 8% NaCl + + + -
Esculin hydrolysis + + + -
Acid production from
D-xylose + + + -
D-mannose + - + +
D-lactose + + + -
D-raffinose + - - +
Glycogen + - - +
Utilization of
D-cellobiose + + + -
D-mannose + - + -
Pyruvate + - - -
Xylose + + + -
L-leucine + - - W
L-ornithine + + W AW
Potassium gluconate + - + +




Supplementary Table S1: Whole cell fatty acid composition of V. plantisponsor and related
Vibrio species. Cultivation on marine agar at 28°C for 1 day. Percentages of total fatty acids

(parts higher than 0.5 % in one of the strains are listed). 1, Strain MSSRF60'; 2, MSSRF64;
3, V. diazotrophicus DSM 2604"; 4, V. hispanicus DSM 16580"; 5, V. areninigrae DSM
22054". All data obtained in this study

Fatty acid 1 2 3 4 5

Ci2o 4.5 4.4 4.2 3.9 4.6
Unknown 12.484 0.7 0.7 0.9 0.7 1.0
Ci20-30H 3.4 3.3 3.0 3.0 3.2
150-Ci4:0 0.6 0.7 0.5 0.2 0.3
Ciao 5.7 5.6 2.3 3.0 7.4
Ciso 0.4 0.4 0.3 0.6 0.7
Ci6.1 ®7c alcohol - - - 0.2 0.7
Feat. 2 incl. is0-Ci¢:; and Ci4.0-30H 33 3.2 2.8 2.6 2.9
180-Cie:0 2.4 2.6 2.7 1.6 1.2
Feat. 3 incl. Ci6. ©7c¢ 339 327 35.9 38.9 383
Ciso 242 244 22.9 21.1 249
Ci7:1 ©8¢ 0.3 0.3 0.3 0.8 0.4
Ci70 0.2 0.3 0.2 0.8 0.3
Cig.1 o7c and Cig.1 ®b¢ 17.7 18.4 19.1 194 11.9
Cigo 0.6 0.7 0.7 0.6 0.3
11-methyl-Cs.; ©7c¢ 0.2 0.3 0.3 0.4 0.7
Feat. 7 incl. Ci9.1 ®6¢C 0.5 0.4 1.6 0.1 0.2




Fig. 1. Phylogenetic tree based on 16S rRNA gene sequences constructed using neighbour-joining method, showing the phylogenetic
placement of strains MSSRF60T, MSSRF64 and their phylogenetic neighbours of the genus Vibrio. Bootstrap percentages (based on
1000 replicates) are indicated at branching points (values >50% are shown).
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Fig 2. Neighbor-joining phylogeny of concatenated sequences of recA, mreB, gyrB, gapA and pyrH genes from strains
MSSRF60T and MSSRF64 and its closely related species of Vibrio. Distances were calculated according to Kimura's two-
parameter correction. Bootstrap analysis was based on 1000 resamplings.
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Fig. 3. Genomic fingerprinting using BOX-PCR, cluster analysis of two isolates MSSRF60T, MSSRF64 and its closest

phylogenetic neighbours as evident from 16S rRNA analysis.
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Fig. 4. Neighbour joining tree based on partial nifH sequences of MSSRF60T showing the phylogenetic relationships with nifH
sequences from nitrogen fixing Vibrio species and other nifH sequences of related organisms. Bootstrap percentages (based on 1000
replicates) are indicated at branching points (values >50% are shown).
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Supplementary Fig. S1. Phylogenetic tree based on recA gene sequences constructed using neighbour-joining method,
showing the phylogenetic placement of strains MSSRF60T, MSSRF64 and their phylogenetic neighbours of the genus
Vibrio. Bootstrap percentages (based on 1000 replicates) are indicated at branching points (values >50% are shown).
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Supplementary Fig. S2. Phylogenetic tree based on gyrB gene sequences constructed using neighbour-joining method, showing
the phylogenetic placement of strains MSSRF60T, MSSRF64 and their phylogenetic neighbours of the genus Vibrio. Bootstrap
percentages (based on 1000 replicates) are indicated at branching points (values >50% are shown).
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Supplementary Fig. S3. Phylogenetic tree based on pyrH gene sequences constructed using neighbour-joining method, showing
the phylogenetic placement of strains MSSRF60T, MSSRF64 and their phylogenetic neighbours of the genus Vibrio. pyrH gene
sequences were obtained from TaxVibrio database (http://www.taxvibrio.Incc.br/). Bootstrap percentages (based on 1000
replicates) are indicated at branching points (values >50% are shown).
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Supplementary Fig. S4. Phylogenetic tree based on gapA gene sequences constructed using neighbour-joining method, showing the
phylogenetic placement of strains MSSRF60T, MSSRF64 and their phylogenetic neighbours of the genus Vibrio. Bootstrap percentages
(based on 1000 replicates) are indicated at branching points (values >50% are shown).
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Supplementary Fig. S5. Phylogenetic tree based on mreB gene sequences constructed using neighbour-joining method, showing the
phylogenetic placement of strains MSSRF60T, MSSRF64 and their phylogenetic neighbours of the genus Vibrio. Bootstrap percentages
(based on 1000 replicates) are indicated at branching points (values >50% are shown).
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Supplementary Fig. 6. The DNA-DNA relatedness obtained for strain MSSRF60T=CAIM 13927 and
CAIM 5257 (a), between CAIM 13927 and CAIM 6137 (b), between CAIM 13927 and CAIM 14117

(c) and between CAIM 5257 and CAIM 14117 , positive control (d). The DNA-DNA relatedness was

measured by the difference in ATm of the type strain and the hybrid of the proposed new species
strain and the type strain as described in text.
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