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ABSTRACT

Five novel strains of Photobacterium (A-394T, A-373, A-379, A-397 and A-398) were
isolated from bleached coral Madracis decactis (scleractinian) in the remote St Peter
& St Archipelago (SPSPA), Mid-Atlantic Ridge, Brazil. Healthy M. decactis specimens
were also surveyed, but no strains were related to them. The novel isolates formed
a distinct lineage based on the 16S rRNA, recA, and rpoA gene sequences analysis.
Their closest phylogenetic neighbours were Photobacterium rosenbergii, P. gaetbu-
licola, and P. lutimaris, sharing 96.6 to 95.8% 16S rRNA gene sequence similarity.
The novel species can be differentiated from the closest neighbours by several phe-
notypic and chemotaxonomic markers. It grows at pH 11, produces tryptophane
deaminase, presents the fatty acid Cys.9, but lacks Cyg.9 iso. The whole cell protein
profile, based in MALDI-TOF MS, distinguished the strains of the novel species
among each other and from the closest neighbors. In addition, we are releasing the
whole genome sequence of the type strain. The name Photobacterium sanctipauli
sp. nov. is proposed for this taxon. The G + C content of the type strain A-394T
(=LMG27910" = CAIM18927) is 48.2 mol%.

Subjects Biodiversity, Genomics, Marine Biology, Microbiology, Taxonomy
Keywords Photobacterium sanctipauli, St Paul’s rocks, Coral bleaching, New species,
Genomic taxonomy

INTRODUCTION

Currently the genus Photobacterium comprises 26 formally described species (Euzéby,
2013; Liu et al., 2014; Srinivas et al., 2013). The habitats and isolation source in-
clude seawater (Reichelt, Baumann ¢ Baumann, 1976; Yoshizawa et al., 2009), sea
sediments (Jung et al., 2007; Seo et al., 2005a; Yoon et al., 2005), saline lake water
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(Rivas et al., 2006), and a variety of marine organisms with which the strains associate
as commensals, saprophytes, bioluminescent symbionts, or pathogens (Urbanczyk, Ast &
Dunlap, 2011). The list of hosts include fish (Liu et al., 2014; Onarheim et al., 1994; Ruimy
et al., 1994), oyster and crab (Gomez-Gil et al., 2011), amphipods (Bartlett & Welch, 1995),
sea hare (Seo et al., 2005b), squid (Kaeding et al., 2007) zoanthids (Palythoa caribaeorum)
(Chimetto et al., 2010) and corals. P. jeanii and P. rosenbergii were the previously described
species isolated from corals (Chimetto et al., 2010; Thompson et al., 2005b). P. jeanii was
associated with healthy colonies of the scleractinian Merulina ampliata in Australia and the
octocoral Phyllogorgia dilatata in Brazil (Chimetto et al., 2010), whereas P. rosenbergii was
retrieved from several scleractinians, including healthy Pachyseris speciosa and diseased M.
ampliata, P. speciosa and Barabattoia amicorum, in Australia (Thompson et al., 2005b), as
well as from healthy Mussismilia hispida in Brazil (Chimetto et al., 2009). Photobacterium
strains found in association with corals (healthy Acropora palmata) were identified as P.
phosphoreum, P. damselae and P. mandapamensis (Ritchie, 2006). Coral microbiologists
are challenged to increase our understanding in order to mitigate the worldwide spread
of infectious diseases that are implicated in the decrease of coral cover in reef systems,
markedly associated with climate changes and anthropogenic driven environmental
disturbances (De’ath et al., 2012; Eakin et al., 2010; Mouchka, Hewson ¢ Harvell, 2010;
Rosenberg et al., 2007).

The study of the culturable heterotrophic microbiota of healthy and bleached
Madracis decactis in the Brazilian St Peter & St Paul Archipelago (SPSPA) analyzed
403 isolates (Moreira et al., 2014). P. angustum and P. damselae were retrieved from
healthy colonies, whilst five novel Photobacterium strains were only retrieved from
the bleached corals. These five novel isolates originated from two colonies, but shared
nearly identical 16S rRNA gene sequences. They showed less than 97% 16S rRNA gene
sequence similarity towards the closest phylogenetic neighbor, Photobacterium rosenbergii
(Moreira et al., 2014).

The present study aimed to describe a novel Photobacterium species, represented by five
strains previously isolated in the SPSPA (Table 52), based on a polyphasic approach.

MATERIALS AND METHODS

All strains were isolated using thiosulfate-citrate-bile salt-sucrose (TCBS) medium at
ambient temperature (~27 °C) after 24-48 h incubation (Moreira et al., 2014). Gene
sequences of 16S rRNA, recombination repair protein (recA), and RNA polymerase alpha
subunit (rpoA) were obtained as described previously (Chimetto et al., 2009; Chimetto
et al., 2008; Moreira et al., 2014). Primers used for gene amplification and sequencing
were described in Moreira et al. (2014), Sawabe, Kita-Tsukamoto ¢ Thompson (2007),
Thompson et al. (2005a) and Thompson et al. (2001). Raw sequence data were transferred
to ChromasPro V. 1.7.1 (Technelysium Pty. Ltd, Tewantin, Australia) where consensus
sequences were determined. Pairwise similarities of these sequences with those of the
closest phylogenetic neighbours were calculated using Jalview V.2 (Waterhouse et al.,
2009). Sequences were aligned using ClustalW. Similarity matrices and phylogenetic
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analysis were performed by using the MEGA (Molecular Evolutionary Genetics Analysis)
version 5.2 software (Tamura et al., 2011). Trees were drawn using the neighbour-joining
method (Saitou ¢ Nei, 1987). The robustness of each topology was checked by 1,000
bootstrap replications (Felsenstein, 1985). For genome sequencing 1ng of high quality
DNA (obtained as in Moreira et al. (2014)) was used to construct the genomic paired-end
library using the Nextera XT Sample Preparation Kit (Illumina®). Through this method,
the DNA was simultaneously fragmented and tagged with sequencing adapters. The library
size distribution was accessed using the 2100 Bioanalyzer and the High Sensitivity DNA
Kit (Agilent®). The accurate quantification of the library was accomplished using the
7500 Real Time PCR (Applied Biosystems®) and the KAPA Library Quantification Kit
(Kapabiosystems®). Paired-end (2 x250 bp) sequencing was performed on a MiSeq
(Illumina®) using the MiSeq reagent kit v2 (500 cycles). R1 and R2 reads were quality
filtered (Q > 20) and 3’ end trimmed with Prinseq v0.20.4 (Schmieder ¢ Edwards, 2011).
Ray v. 2.3.1 was used to perform De novo assembly into scaffolds and contigs with default
parameters (Boisvert et al., 2012). General genome features were determined through
Rapid Annotations Using Subsystems Technology (The RAST server version 4.0) (Aziz
et al., 2008). In silico DDH values were estimated to one strain of each Photobacterium
species with publicly available genome using GGDC 2.0 (Auch, Klenk & Goker, 2010;
Auch et al., 2010). This online tool infers genome-to-genome distances between pairs
of entirely or partially sequenced genomes. Intergenomic distances are employed for
wet-lab DDH prediction. Briefly, genome pairs were aligned with BLAST+ (Camacho
et al., 2009) to generate a set of high-scoring segment pairs (HSPs). The information they
contained (e.g., the total number of identical base pairs) was transformed into a distance
value by the best-fit formula, according to (Meier-Kolthoff et al., 2013). DDH prediction
from intergenomic distance, including confidence intervals, were provided by a tested
generalized linear model (GLM, Nelder ¢~ Wedderburn, 1972) with log transformation
(Meier-Kolthoff et al., 2013). Strains and genome accession numbers are in Table S1. AAI
was calculated (according to Konstantinidis ¢ Tiedje (2005)) towards the closest neighbor
species determined by RAST (P. leiognathi). The gene sequence data obtained in this study
are available through the open access website TAXVIBRIO (http://www.taxvibrio.lncc.br/).
The GenBank accession numbers for the 16S rRNA, recA, and rpoA genes and genome
sequences are listed in Table S1. The mol% G + C was determined according to Moreira,
Pereira & Thompson (2011). MALDI-TOF MS protein profiles were determined as
described previously (Wieme et al., 2012). Isolates were subcultured twice on MA for
24h at 30 °C. MALDI-TOF MS was conducted using a 4800 Plus MALDI-TOF/TOFTM
Analyzer (Ab Sciex NV) in linear mode and the 4000 Series Explorer Software v3.5.3
(Applied Biosystems®). Spectra were generated with mMass software v5.5.0 (Strohalm et
al., 2010). Type strains of the three closest related Photobacterium species were included for
comparison. Phenotypic characterization was performed using commercial miniaturized
kits (API 20E, API NE and API ZYM; BioMerieux) as described previously (Chimetto et
al., 2010; Kim et al., 2010; Thompson et al., 2005b) and by BIOLOG GEN III metabolic
fingerprinting (Biolog), following the manufacturer’s instructions. These tests included
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determination of temperature, pH and salinity growth ranges, several biochemical
responses and 71 carbon source utilization assays. Unless indicated otherwise, isolates
were grown onto MA for 24 hr at 30 °C. The optimal growth temperature was determined
using TSB supplemented with 2.0% NaCl at pH 7.5, the optimal pH was determined in
TSB supplemented with 2.0% NaCl at 30 °C and the optimal salinity was determined in
peptone water (1.5% Peptone, 30 °C, pH 7.5). Growth under anaerobic conditions was
determined after incubation in an anaerobic atmosphere (Microanaerobac, PROBAC,
Brasil) on MA at 30 °C. Fatty acid methyl ester analyses were performed using the Sherlock
Microbial Identification System (Royal Life Sciences Pvt. Ltd) according to the standard
protocol. To this end, isolates were harvested from MA after 24 h of incubation at 30 °C.
The results of these phenotypic analyses are presented in the species description and the
distinctive features in Table 1.

RESULTS AND DISCUSSION

16S rRNA gene sequence analysis revealed that the five isolates formed a tight mono-
phyletic branch affiliated to the genus Photobacterium (Fig. 1). The five novel isolates
shared more than 99% 16S rRNA gene sequence similarity. The sequence similarities
towards the closest neighbours (based on 16S rRNA) were below the threshold (97%)
established for species definition (Stackebrandt ¢ Goebel, 1994; Vandamme et al., 1996).
P. rosenbergii and P. gaetbulicola showed 96.6% sequence similarity, whereas P. lutimaris
showed 95.8%. Other closely related neighbours have not been validly described yet. These
are the cases of P. atrarenae (Kim et al., 2011) and P. marinum (Srinivas et al., 2013). The
phylogenetic analysis based on 16S rRNA, recA, and rpoA gene sequences (3,135 nt in
total) confirmed that the isolates formed a distinct lineage related to P. rosenbergii and P.
gaetbulicola (Fig. 2). The novel isolates shared less than 87.2%, 96.5%, and 94.1% similarity
based on recA, rpoA, and concatenated gene sequences (16S rRNA, recA, and rpoA) with
their closest neighbours, respectively. These levels of similarity are below the cut-offs
determined to define a species of the family Vibrionaceae (Thompson et al., 2009; Thompson
et al., 2005a). The similarity levels between the novel isolates (A-394T) A-373, A-379,
A-397 and A-398) ranged from 99.8% to 100% based on recA. Their rpoA sequences were
identical. Trees based on partial sequences of the housekeeping genes recA (855 bp) and
rpoA (969 bp) also confirmed their phylogenetic position in the genus Photobacterium and
revealed they constituted a separate branch, clearly indicating that they belong to a new
Photobacterium species (Figs. S1-52). General features of A-394T genome are supplied
in Table S3. In silico DDH (%) values between A-394T and P. angustum S14, P. damselae
subsp. damselae CIP 102761, P. halotolerans DSM18316, P. leiognathi Irivu.4.1 and P.
profundum 3TCK were 21.5 (£2.34), 22.7 (£2.37), 20.3 (£2.31), 21.6 (£2.35) and 20.6
(42.31) respectively. AAI between A-394T and P. leiognathi Irivu.4.1 CIP 102761 was 75%.
Several phenotypic features can be used to differentiate the novel species from its
closest phylogenetic neighbors. The growth at pH 11, tryptophane deaminase activity,
presence of the fatty acid Cys.9, and absence of Ci¢.o iso (Table S4). MALDI-TOF MS
protein profiles distinguished the novel strains among each other and from P. rosenbergii
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Table 1 Phenotypic differences between P. sanctipauli sp. nov. and related Photobacterium species. Taxa: 1, P. sanctipauli sp. nov. (five strains);
2, P. rosenbergii LMG 222237 (Srinivas et al., 2013; Thompson et al., 2005b); 3, P. gaetbulicola Gung 477 (Kim et al., 2010); 4, P. lutimaris LMG
252787 (Chimetto et al., 2010; Jung et al., 2007); 5, P. jeanii LMG 254367 (Chimetto et al., 20105 Srinivas et al., 2013); 6, P. leiognathi LMG 42287
(Baumann & Baumann, 1984; Chimetto et al., 2010; Nogi, Masui ¢ Kato, 1998; Yoshizawa et al., 2009). +, Positive; —, negative; w, weak; v, variable;
nd, no data available. All taxa are negative for Gram stain, lysine- and ornithine- decarboxylase, L-arabinose and D-sorbitol utilization; and positive

for oxidase and alkaline phosphatase. Data in parentheses are for the type strains.

Characteristic 1 2 3 4 5 6
Salinity growth range (%) 1-8 1-7 0-8 1-6 0.5-4 0.5-6
Optimum NaCl concentration (%,w/v) 2-3 2-6 2-5 2-3 0.5-2 nd
Temperature growth range (°C) 15-42 15-35 10-40 4-41 15-37 nd-37
Optimum temperature (°C) 30 20-30 30 25-30 28 (26)
pH growth range 6-11 6-10 5-9 5-9 5-9 nd
Optimum pH 7.5 7-8.5 7-8 7.5-8.5 7-8 nd
Enzyme activity

Catalase w (+) + w + (=)
Esterase (C4) v(—) + + + + +
Esterase lipase (C8) v(— + + + + (+)
Lipase (C14) = (+) + - + -
Leucine arylamidase + — + + nd
Valine arylamidase - + - w —
Cystine arylamidase - — + nd
Trypsin — — — + (w)
Acid phosphatase — + — + + nd
Naphthol-AS-BI phosphohydrolase + + — + + +
a-galactosidase — (+) — — —
a-glucosidase — (+) — — + (=)
N-acetyl-8-glucosaminidase + aF = - (=) nd
B-galactosidase + + = + +
Arginine dihydrolase + + — + + +
Tryptophane deaminase v(w) — — — (=)
Indole production from tryptophan v(—) nd + — (=)
Acetoin production from sodium pyruvate — nd (=) (w) +
Gelatinase - nd - —+ —
Fermentation

Amygdalin = F nd () = (=)
Glucose 4r aF SIS F AF
Utilization as sole carbon source

Citrate v(—) + + + — —
D-Maltose v(—) (+) + + — +
D-trehalose v(—) (+) + + — —
D-Cellobiose v(w) (+) + + - —
Sucrose v(—) (+) + + v(+) —
D-Raffinose - (=) + + nd —
D-Melibiose v(-) +) + (—) + -
B-Methyl-D-Glucoside v(—) (+) nd nd nd nd
D-Mannose + (+) + + — +

(continued on next page)
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Table 1 (continued)
Characteristic

2

D-Salicin

D-Fructose

L-Rhamnose

D-Mannitol

Myo-Inositol

Tween 40

DNA G + C content (mol%)
Fatty acids

Cie:0 iso

Cis:0

v(w)
v(=)
v(=)
v(=)

48.2

0.5-0.7

(+)
(+)
(+)
(+)
(+)
(w)
47.6-47.9

1.9

nd nd
nd —

| |
L+t
|

!

+ 4+ +
+
|
|

+ nd —
49.8 41.6

(5]
o
=
'S
©?
w

0.4 = 1.9-3.5 =

Notes.
* Data from this study.

£

95

72) Photobacterium iliopiscarium ATCC 517607 (AY643710)

9:‘ Photobacterium kishitanii pjapo.1.17 (AY341439)

Photobacterium phosphoreum ATCC 110407 (X74687)
Photobacterium aquimaris NBRC104633" (AB428873)
Photobacterium angustum ATCC 259157 (D25307)
Photobacterium leiognathi ATCC 255217 (D25309)
Photobacterium swingsii CAIM 1393" (GQ386822)
Photobacterium aplysiae GMD509" (AY781193)

Photobacterium lipolyticum M377 (AY554009)
% Photobacterium profundum DSJ4T (D21226)
64 Photobacterium indicum NBRC 142337 (AB159513)

9= Photobacterium frigidiphilum SL13T (AY538749)

Photobacterium jeanii R-40508" (GU065210)

Photobacterium marinum AK15T (HE573747)
Photobacterium atrarenae M3-4" (HM452945)

Photobacterium gaetbulicola Gung47™ (GQ260188)

Photobacterium lutimaris DF-42T (DQ534014)

Photobacterium rosenbergii LMG 222237 (AJ842344)
A-3947 (KC751088)
A-397 (KC751066)

A-373 (KC751065) - Photobacterium sanctipauli sp. nov.

A-379 (KC751086)

A-398 (KC751091)
Photobacterium aphoticum CECT 76147 (FN796493)
Photobacterium aquae AEG6" (JQ948040)
Photobacterium halotolerans MACLO1T (AY551089)
Photobacterium ganghwense FR13117 (AY960847)

PPhotobacterium damselae.damselae ATCC335397(AB032015)

100% Photobacterium damselae.piscicida NCIMB20587(X78105)

r——
o.01

Salinivibrio vallismortis DSM8285 T (AF057016)

Figure 1 16S phylogenetic tree. Neighbour-joining phylogenetic tree of Photobacterium species based
on 16S rRNA gene sequences (1,525 nt) showing the position of P. sanctipauli sp. nov. The optimal tree
with the sum of branch length = 0.35538897 is shown. The evolutionary distances were computed using
the Jukes-Cantor method. All positions containing alignment gaps and missing data were eliminated
only in pairwise sequence comparisons (Pairwise deletion option). Phylogenetic analyses were conducted
in MEGAS. Bootstrap values (>50%) based on 1,000 resamplings are shown. Salinivibrio was used as
outgroup. Bar, 1% estimated sequence divergence.
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3,135 nts

Vibrio maritimus R-404937
A-373
100 | A-397
o1 A-379

% 59' A-394T
100 Photobacterium rosenbergii

Photobacterium gaetbulicola
. Photobacterium lutimaris
Photobacterium jeanii R-40508T

Photobacterium sanctipauli sp. nov.

100 Photobacterium phosphoreum
4‘00(——'7— Photobacterium iliopiscarium
100 Photobacterium kishitanii
4|:Photobacterium leiognathi
99 Photobacterium angustum

Photobacterium damselae subsp. damselae

98

A
20

Figure 2 Neighbour-joining phylogenetic tree based on concatenated 16S rRNA, recA and rpoA gene
sequences (3,135 nt) showing the position of P. sanctipauli sp. nov. The evolutionary distances were
computed using the number of differences method and are in the units of the number of base differences
per sequence. All positions containing alignment gaps and missing data were eliminated only in pairwise
sequence comparisons (Pairwise deletion option). Phylogenetic analyses were conducted in MEGAS.
Bootstrap values (>50%) based on 1,000 resamplings are shown. Vibrio maritimus R-40493" was used
as outgroup. Bar estimate sequence divergence.

(LMG 222237), P. gaetbulicola (LMG 27839") and P. lutimaris (LMG 252787) (Fig. S3).
MLSA was more discriminative than MALDI-TOF and FAME for strain differentiation.
Phenotypic and chemotaxonomic variation observed among the strains of the novel
species indicate they are not clonal (Table S5 and Fig. S3). Based on the polyphasic
analysis including MLSA, MALDI-TOF MS fingerprint profiles, chemotaxonomic and
phenotypic tests presented in this study, we propose to classify the five isolates as a new
species, Photobacterium sanctipauli sp. nov.

DESCRIPTION OF PHOTOBACTERIUM SANCTIPAULI SP.
NOV.

Photobacterium sanctipauli (sancti pauli N.L. gen. n. sanctipauli of Saint Paul, after the St
Peter & St Paul Archipelago).

Colonies are small, beige, irregular shaped, with smooth and translucent edge and
1-2 mm in diameter after 24 h at 28 °C on MA under aerobic conditions. On TCBS
colonies are green, round with a smooth border and 2-3 mm in diameter. Cells are
small bacilli measuring 2-3 um in diameter, Gram-negative, motile, facultative anaerobic,
oxidase and catalase-positive. Grows well between 20 and 30 °C but not at 4 and 45 °C.
No growth occurs in the absence of NaCl, but grows well under NaCl concentrations of
1%—8% (w/v). Grows at pH 6-11. Positive for alkaline phosphatase, leucine arylamidase,
naphtol-AS-BI-phosphohydrolase, N-acetyl-8-glucosaminidase, 8-galactosidase and
arginine dihydrolase; but negative for lipase (C14), valine arylamidase, cystine arylami-
dase, trypsin, a-chemotrypsin, acid phosphatase, «-galactosidase, 8-glucuronidase,
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a-glucosidase, B-glucosidase, «-mannosidase, o-fucosidase, lysine decarboxy-

lase, ornithine decarboxylase, H,S production, urease activity, acetoin production
(Voges—Proskauer) and gelatinase. Variable reactions were obtained for esterase (C4)
(—), esterase lipase (C8) (—), tryptophane deaminase (w) and indole production (—)
(whenever variable within species, result for the type strain is in parentheses). Reduces
nitrate to nitrite but not to N,. Positive for fermentation/oxidation of glucose and
mannitol but negative for inositol, sorbitol, rhamnose, saccharose, amygdalin and
arabinose. Melibiose (+) gave variable reactions. D-Salicin, o-D-glucose, D-mannose,
D-galactose are used as sole energy sources. Does not utilize dextrin, D-raffinose,
glycerol, N-acetyl-D-galactosamine, D-glucose-6-PO4, D-aspartic acid, D-serine, gelatin,
glycyl-L-proline, L-alanine, L-arginine, L-aspartic acid, L-glutamic acid, L-pyroglutamic
acid, L-serine, pectin, L-galactonic acid lactone, mucic acid, quinic acid, D-saccharic
acid, p-hydroxy-phenylacetic acid, methyl pyruvate, D-lactic acid methyl ester, citric
acid, D-malic acid, bromo-succinic acid, y -amino-butyric acid, o-hydroxy-butyric acid,
B-hydroxy-D,L-butyric acid, propionic acid, acetic acid and formic acid. The following
reactions are variable within the species: citrate (—), D-maltose (—), D-trehalose (—),
D-cellobiose (w), gentiobiose (—), sucrose (—), D-turanose (—), stachyose (—), a-D-
lactose (—), D-melibiose (—), f-methyl-D-glucoside (—), N-acetyl-D-glucosamine (—),
N-acetyl-8-mannosamine (—), N-acetyl neuraminic acid (—), D-fructose (—), 3-methyl
glucose (w), D-fucose (w), L-fucose (w), L-rhamnose (—), inosine (—), D-sorbitol (—),
D-mannitol (—), D-arabitol (—), myo-inositol (—), D-glucose-6-PO4 (—), L-histidine
(w), D-galacturonic acid (—), D-gluconic acid (—), D-glucuronic acid (—), glucuronamide
(w), L-lactic acid (—), a-keto-glutaric acid (w), L-malic acid (—), tween 40 (—) and
acetoacetic acid (w). Does not assimilate any of the substrates included in the API 20 NE
system. The most abundant cellular fatty acids are summed feature 3 (43.5%; comprising
C16;1a)7C and/or iSO-C15 2-OH), C16;0 (21.4%), C18;1w7c (1 1.6%), C14;0 (5.2%), C]g;o and
summed feature 2 (3.7%; comprising C1.9 ALDE, is0-Cj¢.1I and/or Cy4.0 3-OH and/or an
unidentified fatty acid with equivalent chain length of 10.928), C12.03—OH(2.5%), C;7.0
(1.6%), Iso-Cq7.9 (1.5%), Is0-C15.9 and C;7.1w8¢ (1.1%), and in minor amounts Cj3.q,
C17:106¢, Ci8:0 and Unknown 12.484 (0.3-0.5%). The G + C content of the type strain
(A-3947) is 48.2 mol%. The type strain is A-394T (=LMG 27910 = CAIM 18927). It was
isolated from the tissues of bleached Madracis decactis (Scleractinia) in St Peter & St Paul
Archipelago, Brazil.

Abbreviations

SPSPA St Peter & St Paul Archipelago

MLSA multilocus sequence analysis

AAI average amino acid identity

DDH DNA-DNA hybridization

GGDC Genome-To-Genome Distance Calculator
FAME fatty acid methyl ester analyses

MALDI-TOF matrix-assisted laser desorption/ionization time-of-flight

Moreira et al. (2014), Peerd, DOI 10.7717/peerj.427 814


https://peerj.com
http://dx.doi.org/10.7717/peerj.427

PeerJ

ACKNOWLEDGEMENTS
We are grateful to Leilei Li and Anneleen Wieme for their assistance with the MALDI-TOF
MS data analysis.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This work was supported by CNPq grants to APBM, GD, GMAF, RBFF and FLT. LACT
received a grant from FAPER]. The BCCM/LMG Bacteria Collection is supported by the
Federal Public Service for Science Policy, Belgium. The funders had no role in study design,
data collection and analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures

The following grant information was disclosed by the authors:
CNPq.

FAPER]J.

Federal Public Service for Science Policy, Belgium.

Competing Interests
Fabiano Thompson is an Academic Editor for Peer].

Author Contributions

e Ana Paula B. Moreira conceived and designed the experiments, performed the
experiments, analyzed the data, wrote the paper, prepared figures and/or tables,
reviewed drafts of the paper.

e Gwen Duytschaever and Luciane A. Chimetto Tonon conceived and designed the
experiments, performed the experiments, analyzed the data, prepared figures and/or
tables, reviewed drafts of the paper.

e Adriana M. Frées analyzed the data, reviewed drafts of the paper.

e Louisi S. de Oliveira performed the experiments, reviewed drafts of the paper.

e Gilberto M. Amado-Filho contributed sampling, reagents/materials.

e Ronaldo B. Francini-Filho conceived and designed the experiments, performed the
experiments, contributed reagents/materials/analysis tools, reviewed drafts of the paper.

e Paul De Vos and Jean Swings conceived and designed the experiments, contributed
reagents/materials/analysis tools, reviewed drafts of the paper.

e Cristiane C. Thompson contributed reagents/materials/analysis tools.

e Fabiano L. Thompson conceived and designed the experiments, analyzed the data,
contributed reagents/materials/analysis tools, reviewed drafts of the paper.

Field Study Permissions
The following information was supplied relating to field study approvals (i.e., approving
body and any reference numbers):

Moreira et al. (2014), Peerd, DOI 10.7717/peerj.427 9/14


https://peerj.com
http://dx.doi.org/10.7717/peerj.427

PeerJ

Sampling permit Sisbio no. 24732-1 issued by the Ministry of Environment Institute
Chico Mendes (ICMBio).

DNA Deposition
The following information was supplied regarding the deposition of DNA sequences:
Nucleotide sequence data for Photobacterium sanctipauli sp. nov are available in the
DDBJ/EMBL/GenBank databases under the following accession number(s): KC751065-6,
KC751086, KC751088, KC751090-1 (16S rRNA); KF748538-41 (recA), KF748542-5
(rpoA) and ASHX00000000 for whole genome sequence. P. gaetbulicola LMG 27839T
reported nucleotide sequence accession numbers: KF771650 (recA) and KF771651 (rpoA).
P.sanctipauli: This Whole Genome Shotgun project has been deposited at
DDBJ/EMBL/GenBank under the accession JGVO00000000. The version described in
this paper is version JGVO01000000.

Data Deposition
The following information was supplied regarding the deposition of related data:
Gene sequences are deposited at http://www.taxvibrio.Incc.br/, Genbank.

New Species Registration
The following information was supplied regarding the registration of a newly described
species:
The type strain A-394 have been deposited in two culture collections:
BCCM/LMG Bacteria Collection (Belgium) = LMG 279107,
and
Collection of Aquatic Important Microorganism CAIM (Mexico) = CAIM 18927,
Cultures are also deposited in the brazilian collection Cole¢do de Bactérias do Ambiente
e Saade http://cbas.fiocruz.br/ for open access.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/
10.7717/peerj.427.

REFERENCES

Auch AF, Klenk H-P, Géker M. 2010. Standard operating procedure for calculating
genome-to-genome distances based on high-scoring segment pairs. Standards in Genomic
Sciences 2:142—148 DOI 10.4056/s1gs.541628.

Auch AF, von Jan M, Klenk H-P, Goker M. 2010. Digital DNA-DNA hybridization for microbial
species delineation by means of genome-to-genome sequence comparison. Standards in
Genomic Sciences 2(1):117-134 DOI 10.4056/sigs.531120.

Aziz RK, Bartels D, Best AA, DeJongh M, Disz T, Edwards RA, Formsma K, Gerdes S, Glass EM,
Kubal M, Meyer F, Olsen GJ, Olson R, Osterman AL, Overbeek RA, McNeil LK, Paarmann D,
Paczian T, Parrello B, Pusch GD, Reich C, Stevens R, Vassieva O, Vonstein V, Wilke A,
Zagnitko O. 2008. The RAST Server: rapid annotations using subsystems technology. BMC
Genomics 9:75 DOI 10.1186/1471-2164-9-75.

Moreira et al. (2014), Peerd, DOI 10.7717/peerj.427 10/14


https://peerj.com
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751065-6
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751065-6
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751065-6
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751065-6
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751065-6
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751065-6
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751065-6
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751065-6
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751065-6
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751065-6
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751086
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751086
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751086
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751086
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751086
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751086
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751086
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751086
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751088
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751088
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751088
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751088
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751088
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751088
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751088
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751088
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751090-1
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751090-1
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751090-1
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751090-1
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751090-1
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751090-1
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751090-1
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751090-1
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751090-1
https://www.ncbi.nlm.nih.gov/nucleotide?term=KC751090-1
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF748538-41
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF748538-41
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF748538-41
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF748538-41
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF748538-41
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF748538-41
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF748538-41
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF748538-41
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF748538-41
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF748538-41
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF748538-41
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF748542-5
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF748542-5
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF748542-5
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF748542-5
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF748542-5
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF748542-5
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF748542-5
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF748542-5
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF748542-5
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF748542-5
https://www.ncbi.nlm.nih.gov/nucleotide?term=ASHX00000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=ASHX00000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=ASHX00000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=ASHX00000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=ASHX00000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=ASHX00000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=ASHX00000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=ASHX00000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=ASHX00000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=ASHX00000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=ASHX00000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=ASHX00000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF771650
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF771650
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF771650
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF771650
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF771650
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF771650
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF771650
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF771650
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF771651
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF771651
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF771651
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF771651
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF771651
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF771651
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF771651
https://www.ncbi.nlm.nih.gov/nucleotide?term=KF771651
https://www.ncbi.nlm.nih.gov/nucleotide?term=JGVO00000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=JGVO00000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=JGVO00000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=JGVO00000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=JGVO00000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=JGVO00000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=JGVO00000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=JGVO00000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=JGVO00000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=JGVO00000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=JGVO00000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=JGVO00000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=JGVO01000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=JGVO01000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=JGVO01000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=JGVO01000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=JGVO01000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=JGVO01000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=JGVO01000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=JGVO01000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=JGVO01000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=JGVO01000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=JGVO01000000
https://www.ncbi.nlm.nih.gov/nucleotide?term=JGVO01000000
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://www.taxvibrio.lncc.br/
http://cbas.fiocruz.br/
http://cbas.fiocruz.br/
http://cbas.fiocruz.br/
http://cbas.fiocruz.br/
http://cbas.fiocruz.br/
http://cbas.fiocruz.br/
http://cbas.fiocruz.br/
http://cbas.fiocruz.br/
http://cbas.fiocruz.br/
http://cbas.fiocruz.br/
http://cbas.fiocruz.br/
http://cbas.fiocruz.br/
http://cbas.fiocruz.br/
http://cbas.fiocruz.br/
http://cbas.fiocruz.br/
http://cbas.fiocruz.br/
http://cbas.fiocruz.br/
http://cbas.fiocruz.br/
http://cbas.fiocruz.br/
http://cbas.fiocruz.br/
http://cbas.fiocruz.br/
http://cbas.fiocruz.br/
http://cbas.fiocruz.br/
http://dx.doi.org/10.7717/peerj.427
http://dx.doi.org/10.7717/peerj.427
http://dx.doi.org/10.7717/peerj.427
http://dx.doi.org/10.7717/peerj.427
http://dx.doi.org/10.7717/peerj.427
http://dx.doi.org/10.7717/peerj.427
http://dx.doi.org/10.7717/peerj.427
http://dx.doi.org/10.7717/peerj.427
http://dx.doi.org/10.7717/peerj.427
http://dx.doi.org/10.7717/peerj.427
http://dx.doi.org/10.7717/peerj.427
http://dx.doi.org/10.7717/peerj.427
http://dx.doi.org/10.7717/peerj.427
http://dx.doi.org/10.7717/peerj.427
http://dx.doi.org/10.7717/peerj.427
http://dx.doi.org/10.7717/peerj.427
http://dx.doi.org/10.7717/peerj.427
http://dx.doi.org/10.7717/peerj.427
http://dx.doi.org/10.7717/peerj.427
http://dx.doi.org/10.4056/sigs.541628
http://dx.doi.org/10.4056/sigs.531120
http://dx.doi.org/10.1186/1471-2164-9-75
http://dx.doi.org/10.7717/peerj.427

PeerJ

Bartlett DH, Welch TJ. 1995. ompH gene expression is regulated by multiple environmental cues
in addition to high pressure in the deep-sea bacterium Photobacterium species strain SS9.
Journal of Bacteriology 177:1008—1016.

Baumann P, Baumann L. 1984. Genus Photobacterium Beijerinck 1889, 401AL. In: Krieg NR,
Holt JG, eds. Bergey’s manual of systematic bacteriology. Baltimore: Williams Wilkins, 539-545.

Boisvert S, Raymond F, Godzaridis E, Laviolette F, Corbeil J. 2012. Ray meta: scalable de novo
metagenome assembly and profiling. Genome Biology 13:R122
DOI 10.1186/gb-2012-13-12-r122.

Camacho C, Coulouris G, Avagyan V, Ma N, Papadopoulos J, Bealer K, Madden TL. 2009.
BLAST+: architecture and applications. BMC Bioinformatics 10:421
DOI10.1186/1471-2105-10-421.

Chimetto L, Brocchi M, Gondo M, Thompson C, Gomez-Gil B, Thompson F. 2009. Genomic
diversity of vibrios associated with the Brazilian coral Mussismilia hispida and its sympatric
zoanthids (Palythoa caribaeorum, Palythoa variabilis and Zoanthus solanderi). Journal of Applied
Microbiology 106:1818-1826 DOI 10.1111/j.1365-2672.2009.04149.x.

Chimetto LA, Brocchi M, Thompson CC, Martins RC, Ramos HR, Thompson FL. 2008. Vibrios
dominate as culturable nitrogen-fixing bacteria of the Brazilian coral Mussismilia hispida.
Systematic and Applied Microbiology 31:312-319 DOI 10.1016/j.syapm.2008.06.001.

Chimetto LA, Cleenwerck I, Thompson CC, Brocchi M, Willems A, De Vos P, Thompson FL.
2010. Photobacterium jeanii sp. nov., isolated from corals and zoanthids. International Journal
of Systematic and Evolutionary Microbiology 60:2843-2848 DOI 10.1099/ij5.0.019968-0.

De’ath G, Fabricius K, Sweatman H, Puotinen M. 2012. The 27—year decline of coral cover on the
Great Barrier Reef and its causes. Proceedings of the National Academy of Sciences of the United
States ofAmerica 109:17995-17999 DOI 10.1073/pnas.1208909109.

Eakin C, Morgan JA, Heron SF, Smith TB, Liu G, Alvarez-Filip L, Baca B, Bartels E,

Bastidas C, Bouchon C, Brandt M, Bruckner AW, Bunkley-Williams L, Cameron A,

Causey BD, Chiappone M, Christensen TRL, Crabbe MJC, Day O, de la Guardia E,
Diaz-Pulido G, DiResta D, Gil-Agudelo DL, Gilliam DS, Ginsburg RN, Gore S, Guzman HM,
Hendee JC, Hernandez-Delgado EA, Husain E, Jeffrey CFG, Jones R], Jordan-Dahlgren E,
Kaufman LS, Kline DI, Kramer PA, Lang JC, Lirman D, Mallela J, Manfrino C, Maréchal J-P,
Marks K, Mihaly J, Miller W], Mueller EM, Muller EM, Orozco Toro CA, Oxenford HA,
Ponce-Taylor D, Quinn N, Ritchie KB, Rodriguez S, Ramirez AR, Romano S, Samhouri JF,
Sanchez JA, Schmahl GP, Shank BV, Skirving W], Steiner SCC, Villamizar E, Walsh SM,
Walter C, Weil E, Williams EH, Roberson KW, Yusuf Y. 2010. Caribbean corals in

crisis: record thermal stress, bleaching, and mortality in 2005. PLoS ONE 5:¢13969

DOI 10.1371/journal.pone.0013969.

Euzéby JP. 2013. List of prokaryotic names wiht standing in nomenclature: Genus Photobacterium.
Available at http://www.bacterio.net/p/photobacterium.html (accessed 5 October 2013).

Felsenstein J. 1985. Confidence limits on phylogenies: an approach using the bootstrap. Evolution
39(4):783-791 DOI 10.2307/2408678.

Gomez-Gil B, Roque A, Rotllant G, Peinado L, Romalde JL, Doce A, Cabanillas-Beltran H,
Chimetto LA, Thompson FL. 2011. Photobacterium swingsii sp. nov., isolated from marine

organisms. International Journal of Systematic and Evolutionary Microbiology 61:315-319
DOI 10.1099/1j5.0.019687-0.

Moreira et al. (2014), Peerd, DOI 10.7717/peerj.427 11/14


https://peerj.com
http://dx.doi.org/10.1186/gb-2012-13-12-r122
http://dx.doi.org/10.1186/1471-2105-10-421
http://dx.doi.org/10.1111/j.1365-2672.2009.04149.x
http://dx.doi.org/10.1016/j.syapm.2008.06.001
http://dx.doi.org/10.1099/ijs.0.019968-0
http://dx.doi.org/10.1073/pnas.1208909109
http://dx.doi.org/10.1371/journal.pone.0013969
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://www.bacterio.net/p/photobacterium.html
http://dx.doi.org/10.2307/2408678
http://dx.doi.org/10.1099/ijs.0.019687-0
http://dx.doi.org/10.7717/peerj.427

PeerJ

Jung S-Y, Jung Y-T, Oh T-K, Yoon J-H. 2007. Photobacterium lutimaris sp. nov., isolated from a
tidal flat sediment in Korea. International Journal of Systematic and Evolutionary Microbiology
57:332-336 DOI 10.1099/ij5.0.64580-0.

Kaeding AJ, Ast JC, Pearce MM, Urbanczyk H, Kimura S, Endo H, Nakamura M, Dunlap PV.
2007. Phylogenetic diversity and cosymbiosis in the bioluminescent symbioses of
Photobacterium mandapamensis. Applied and Environmental Microbiology 73:3173-3182
DOI 10.1128/AEM.02212-06.

Kim Y-O, Kim K-K, Park S, Kang S-J, Lee J-H, Lee S-J, Oh T-K, Yoon J-H. 2010. Photobacterium
gaetbulicola sp. nov., a lipolytic bacterium isolated from a tidal flat sediment. International
Journal of Systematic and Evolutionary Microbiology 60:2587-2591 DOI 10.1099/ijs.0.016923-0.

Kim B-C, Poo H, Kim MN, Lee KH, Lee J, Rhee M-S, Shin K-S. 2011. Photobacterium atrarenae
sp. nov. a Novel Bacterium Isolated from Sea Sand. Current Microbiology 63:433—438
DOI10.1007/s00284-011-9994-1.

Konstantinidis KT, Tiedje JM. 2005. Towards a genome-based taxonomy for prokaryotes. Journal
of Bacteriology 187:6258—6264 DOI 10.1128/]B.187.18.6258-6264.2005.

LiuY, Liu L-Z, Song L, Zhou Y-G, Qi F-J, Liu Z-P. 2014. Photobacterium aquae sp. nov., isolated
from a recirculating mariculture system. International Journal of Systematic and Evolutionary
Microbiology 64(Pt 2):475-480 DOI 10.1099/ijs.0.055020-0.

Meier-Kolthoff JP, Auch AF, Klenk H-P, Géker M. 2013. Genome sequence-based species
delimitation with confidence intervals and improved distance functions. BMC Bioinformatics
14:60 DOI 10.1186/1471-2105-14-60.

Moreira APB, Pereira N, Thompson FL. 2011. Usefulness of a real-time PCR platform for G + C
content and DNA-IDNA hybridization estimations in vibrios. International Journal of Systematic
and Evolutionary Microbiology 61:2379-2383 DOI 10.1099/1j5.0.023606-0.

Moreira APB, Tonon LAC, Cecilia do Valle PP, Alves Jr N, Amado-Filho GM, Francini-Filho RB,
Paranhos R, Thompson FL. 2014. Culturable Heterotrophic Bacteria Associated with Healthy
and Bleached Scleractinian Madracis decactis and the Fireworm Hermodice carunculata
from the Remote St. Peter and St. Paul Archipelago, Brazil. Current Microbiology 68:38—46
DOI 10.1007/s00284-013-0435-1.

Mouchka ME, Hewson I, Harvell CD. 2010. Coral-associated bacterial assemblages: current
knowledge and the potential for climate-driven impacts. Integrative and Comparative Biology
50:662—674 DOI 10.1093/icb/icq061.

Nelder J, Wedderburn R. 1972. Generalized linear models. Journal of the Royal Statistical Society
135:370-384 DOI 10.2307/2344614.

Nogi Y, Masui N, Kato C. 1998. Photobacterium profundum sp. nov., a new, moderately barophilic
bacterial species isolated from a deep-sea sediment. Extremophiles 2:1-8
DOI 10.1007/s007920050036.

Onarheim AM, Wiik R, Burghardt J, Stackebrandt E. 1994. Characterization and identification
of two vibrio species indigenous to the intestine of fish in cold sea water; description of Vibrio
iliopiscarius sp. nov. Systematic and Applied Microbiology 17:370-379
DOI 10.1016/S0723-2020(11)80053-6.

Reichelt JL, Baumann P, Baumann L. 1976. Study of genetic relationships among marine species
of the genera Beneckea and Photobacterium by means of in vitro DNA/DNA hybridization.
Archives of Microbiology 110:101-120 DOI 10.1007/BF00416975.

Ritchie KB. 2006. Regulation of microbial populations by coral surface mucus and
mucus-associated bacteria. Marine Ecology Progress Series 322:1-14 DOI 10.3354/meps322001.

Moreira et al. (2014), Peerd, DOI 10.7717/peerj.427 12/14


https://peerj.com
http://dx.doi.org/10.1099/ijs.0.64580-0
http://dx.doi.org/10.1128/AEM.02212-06
http://dx.doi.org/10.1099/ijs.0.016923-0
http://dx.doi.org/10.1007/s00284-011-9994-1
http://dx.doi.org/10.1128/JB.187.18.6258-6264.2005
http://dx.doi.org/10.1099/ijs.0.055020-0
http://dx.doi.org/10.1186/1471-2105-14-60
http://dx.doi.org/10.1099/ijs.0.023606-0
http://dx.doi.org/10.1007/s00284-013-0435-1
http://dx.doi.org/10.1093/icb/icq061
http://dx.doi.org/10.2307/2344614
http://dx.doi.org/10.1007/s007920050036
http://dx.doi.org/10.1016/S0723-2020(11)80053-6
http://dx.doi.org/10.1007/BF00416975
http://dx.doi.org/10.3354/meps322001
http://dx.doi.org/10.7717/peerj.427

PeerJ

Rivas R, Garcia-Fraile P, Mateos PF, Martinez-Molina E, Velazquez E. 2006. Photobacterium
halotolerans sp. nov., isolated from Lake Martel in Spain. International Journal of Systematic and
Evolutionary Microbiology 56:1067—1071 DOI 10.1099/ijs.0.64099-0.

Rosenberg E, Koren O, Reshef L, Efrony R, Zilber-Rosenberg I. 2007. The role of microorganisms
in coral health, disease and evolution. Nature Reviews Microbiology 5:355-362
DOI 10.1038/nrmicrol1635.

Ruimy R, Breittmayer V, Elbaze P, Lafay B, Boussemart O, Gauthier M, Christen R. 1994.
Phylogenetic analysis and assessment of the genera Vibrio, Photobacterium, Aeromonas, and
Plesiomonas deduced from small-subunit rRNA sequences. International Journal of Systematic
and Evolutionary Microbiology 44:416—426.

Saitou N, Nei M. 1987. The neighbor-joining method: a new method for reconstructing
phylogenetic trees. Molecular Biology and Evolution 4:406—425.

Sawabe T, Kita-Tsukamoto K, Thompson FL. 2007. Inferring the evolutionary history of
vibrios by means of multilocus sequence analysis. Journal of Bacteriology 189:7932-7936
DOI 10.1128/JB.00693-07.

Schmieder R, Edwards R. 2011. Quality control and preprocessing of metagenomic datasets.
Bioinformatics 27:863-864 DOI 10.1093/bioinformatics/btr026.

Seo HJ, Bae SS, Lee J-H, Kim S-J. 2005a. Photobacterium frigidiphilum sp. nov., a psychrophilic,
lipolytic bacterium isolated from deep-sea sediments of Edison Seamount. International Journal
of Systematic and Evolutionary Microbiology 55:1661-1666 DOI 10.1099/ijs.0.63338-0.

Seo HJ, Bae SS, Yang SH, Lee J-H, Kim S-J. 2005b. Photobacterium aplysiae sp. nov., a lipolytic
marine bacterium isolated from eggs of the sea hare Aplysia kurodai. International Journal of
Systematic and Evolutionary Microbiology 55:2293-2296 DOI 10.1099/ij5.0.63765-0.

Srinivas T, Vijaya Bhaskar Y, Bhumika V, Anil Kumar P. 2013. Photobacterium marinum sp.
nov., a marine bacterium isolated from a sediment sample from Palk Bay, India. Systematic and
Applied Microbiology 36:160—165 DOI 10.1016/j.syapm.2012.12.002.

Stackebrandt E, Goebel B. 1994. Taxonomic note: a place for DNA-DNA reassociation and 16S
rRNA sequence analysis in the present species definition in bacteriology. International Journal
of Systematic and Evolutionary Microbiology 44:846-849.

Strohalm M, Kavan D, Novak P, Volny M, Havli¢ék V. 2010. mMass 3: a cross-platform software
environment for precise analysis of mass spectrometric data. Analytical Chemistry 82:4648-4651
DOI 10.1021/ac100818g.

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S. 2011. MEGA5: molecular
evolutionary genetics analysis using maximum likelihood, evolutionary distance,
and maximum parsimony methods. Molecular Biology and Evolution 28:2731-2739
DOI 10.1093/molbev/msr121.

Thompson FL, Gevers D, Thompson CC, Dawyndt P, Naser S, Hoste B, Munn CB,
Swings J. 2005a. Phylogeny and molecular identification of vibrios on the basis of
multilocus sequence analysis. Applied and Environmental Microbiology 71:5107-5115
DOI'10.1128/AEM.71.9.5107-5115.2005.

Thompson F, Thompson C, Naser S, Hoste B, Vandemeulebroecke K, Munn C, Bourne D,
Swings J. 2005b. Photobacterium rosenbergii sp. nov. and Enterovibrio coralii sp. nov.,
vibrios associated with coral bleaching. International Journal of Systematic and Evolutionary
Microbiology 55:913-917 DOI 10.1099/ijs.0.63370-0.

Moreira et al. (2014), Peerd, DOI 10.7717/peerj.427 13/14


https://peerj.com
http://dx.doi.org/10.1099/ijs.0.64099-0
http://dx.doi.org/10.1038/nrmicro1635
http://dx.doi.org/10.1128/JB.00693-07
http://dx.doi.org/10.1093/bioinformatics/btr026
http://dx.doi.org/10.1099/ijs.0.63338-0
http://dx.doi.org/10.1099/ijs.0.63765-0
http://dx.doi.org/10.1016/j.syapm.2012.12.002
http://dx.doi.org/10.1021/ac100818g
http://dx.doi.org/10.1093/molbev/msr121
http://dx.doi.org/10.1128/AEM.71.9.5107-5115.2005
http://dx.doi.org/10.1099/ijs.0.63370-0
http://dx.doi.org/10.7717/peerj.427

PeerJ

Thompson FL, Hoste B, Vandemeulebroecke K, Swings J. 2001. Genomic diversity amongst
Vibrio isolates from different sources determined by fluorescent amplified fragment length
polymorphism. Systematic and Applied Microbiology 24:520-538
DOI 10.1078/0723-2020-00067.

Thompson CC, Vicente AC, Souza RC, Vasconcelos AT, Vesth T, Alves N, Ussery DW,

Iida T, Thompson FL. 2009. Genomic taxonomy of vibrios. BMC Evolutionary Biology
9:258 DOI 10.1186/1471-2148-9-258.

Urbanczyk H, Ast JC, Dunlap PV. 2011. Phylogeny, genomics, and symbiosis of Photobacterium.
FEMS Microbiology Reviews 35:324-342 DOI 10.1111/j.1574-6976.2010.00250.x.

Vandamme P, Pot B, Gillis M, De Vos P, Kersters K, Swings J. 1996. Polyphasic taxonomy, a
consensus approach to bacterial systematics. Microbiological Reviews 60:407—438.

Waterhouse AM, Procter JB, Martin DM, Clamp M1, Barton GJ. 2009. Jalview Version 2, A
multiple sequence alignment editor and analysis workbench. Bioinformatics 25:1189-1191
DOI 10.1093/bioinformatics/btp033.

Wieme A, Cleenwerck I, Van Landschoot A, Vandamme P. 2012. Pediococcus lolii DSM 19927T
and JCM 15055T are strains of Pediococcus acidilactici. International Journal of Systematic and
Evolutionary Microbiology 62:3105-3108 DOI 10.1099/ijs.0.046201-0.

Yoon J-H, Lee J-K, Kim Y-O, Oh T-K. 2005. Photobacterium lipolyticum sp. nov., a bacterium with
lipolytic activity isolated from the Yellow Sea in Korea. International Journal of Systematic and
Evolutionary Microbiology 55:335-339 DOI 10.1099/ijs.0.63215-0.

Yoshizawa S, Wada M, Kita-Tsukamoto K, Yokota A, Kogure K. 2009. Photobacterium aquimaris
sp. nov., a luminous marine bacterium isolated from seawater. International Journal of
Systematic and Evolutionary Microbiology 59:1438-1442 DOI 10.1099/ij5.0.004309-0.

Moreira et al. (2014), Peerd, DOI 10.7717/peerj.427 14/14


https://peerj.com
http://dx.doi.org/10.1078/0723-2020-00067
http://dx.doi.org/10.1186/1471-2148-9-258
http://dx.doi.org/10.1111/j.1574-6976.2010.00250.x
http://dx.doi.org/10.1093/bioinformatics/btp033
http://dx.doi.org/10.1099/ijs.0.046201-0
http://dx.doi.org/10.1099/ijs.0.63215-0
http://dx.doi.org/10.1099/ijs.0.004309-0
http://dx.doi.org/10.7717/peerj.427

	Photobacterium sanctipauli sp. nov. isolated from bleached Madracis decactis (Scleractinia) in the St Peter & St Paul Archipelago, Mid-Atlantic Ridge, Brazil
	Introduction
	Materials and Methods
	Results and Discussion
	Description of Photobacterium sanctipauli sp. nov.
	Acknowledgements
	References


