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Abstract

A Gram-staining-negative non endospore-forming strain, T13(2019)T was isolated from water samples from Atlantic salmon 
(Salmo salar) fry culture in Chile and studied in detail for its taxonomic position. The isolate shared highest 16S rRNA gene 
sequence similarities with the type strains of Flavobacterium chungangense (98.44 %) followed by Flavobacterium tructae and 
Flavobacterium spartansii (both 98.22 %). Menaquinone MK-6 was the predominant respiratory quinone in T13(2019)T. Major 
polar lipids were phosphatidylethanolamine, an ornithine lipid and the unidentified polar lipids L1, L3 and L4 lacking a func-
tional group. The major polyamine was sym-homospermidine. The fatty acid profile contained major amounts of iso-C
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 3-OH, which supported the grouping of the isolate into the genus Flavobacte-

rium. Physiological/biochemical characterisation and ANI calculations with the type strains of the most closely related species 
allowed a clear phenotypic and genotypic differentiation. In addition it became obvious, that the type strains of F. tructae and F. 
spartansii showed 100 % 16S rRNA gene sequence similarities and ANI values of 97.21%/ 97.59 % and DDH values of 80.40 % 
[77.5 and 83%]. These data indicate that F. tructae and F. spartansii belong to the same species and it is proposed that F. spar-
tansii is a later heterotypic synonym of F. tructae. For strain T13(2019)T (=CIP 111411T=LMG 30298T=CCM 8798T) a new species 
with the name Flavobacterium salmonis sp. nov. is proposed.

The genus Flavobacterium comprises a very diverse group of 
short to long bacterial rods forming different tones of yellow 
colonies that have been isolated from various sources, occur-
ring from warm to polar locations, algae, mammals, diseased 
fish, soil, fresh to marine waters [1] and at the time of writing 
226 species with validly published names (https://​lpsn.​dsmz.​
de/​genus/​flavobacterium). Among the Flavobacterium species 
affecting fish, these have been isolated from fish culturing 
systems such as lakes, ponds and fish farms [2–5]. The most 
studied species of this genus have been first described three 

decades ago such as F. psychrophilum, F. columnare and  
F. brachiophilum which cause severe diseases in a wide range 
of different fish species worldwide (see review of Bernardet 
and Bowman [6]). In this study, a new Flavobacterium-like 
bacterium was characterized by a polyphasic taxonomic 
approach and a novel species of the genus Flavobacterium 
is proposed.

Strain T13(2019)T was isolated from water samples obtained 
from Atlantic salmon (Salmo salar) fry cultured in Chile in 
November 2013. The aim of the sampling was to identify 
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the dominant bacterial species in the water column of the 
Atlantic salmon fry culturing farm (S 35o45′0′′ W 71o 0′0′′) 
at the time. Serial dilutions of water samples were made on 
tryptone yeast extract salts (TYES) agar plates [7] and a 
total bacterial load of 4.1×104 colony forming units per ml 
was obtained. In the same sample, four dominant bacterial 
species were observed and identified by 16S rRNA sequencing 
and according to the closest similar as belonging to Arthro-
bacter phenanthrenivorans (99.42 %), Brevundimonas staleyi 
(98.48 %), Planomicrobium chinense (99.79 %) and strain 
T13(2019)T as Flavobacterium chungangense (98.44 %). An 
isolated orange and translucent small (2–3 mm in diameter) 
colony designated T13(2019)T was streaked onto fresh TYES 
plates, purified and stored at −80 °C for further studies. 
Several bacterial culture media were tested such as nutrient 
agar (Oxoid), tryptone soya agar (TSA, Difco), Columbia 
agar with 5 % defibrillated sheep blood (bioMérieux), R2A 
(Oxoid) and Mueller-Hinton (Oxoid), Marine agar 2216 
(Difco) and Thiosulfate-citrate-bile salts-sucrose (Oxoid) 
agars. Growth at different temperatures (4, 11, 20, 25, 30, 37 
and 45 °C), different salinity ranges (0.5–8.0 % NaCl, w/v) and 
pH ranges (4.5, 5.5, 6.5, 8.5, 9.5 and 10.5) were tested with 
TSA plates and TYES broth employed as basal medium. Strain 
T13(2019)T was routinely grown on TSA and TYES media 
incubated at 25 °C for 48 h for these studies.

Gram-staining was performed using the modified Hucker 
and Conn method as described by Gerhardt et al. [8]. The 
cell morphology and gliding motility were recorded with a 
Zeiss light microscope at 1000-fold magnification using cells 
grown for 24 h at 25 °C TSA and in TYES broth, respectively. 
Presence of cell wall-associated flexirubin type pigments 
and absorption of Congo red was determined according 
to Bernardet et al. [9]. Catalase (3 % H2O2 v/v, Merck) and 
oxidase activity (BD oxidase agent dropper) were also tested.

Physiological characterization of the strains and additional 
biochemical tests were performed as described previously 
[10]. The following additional biochemical tests were 
performed: the production of hydrogen sulphide, and 
triple-sugar-iron methods; indole reaction with Ehrlich’s 
and Kovac's reagents; arginine and lysine dihydrolase and 
ornithine decarboxylase. Hydrolysis of DNAse (Liofilchem), 
casein (1 % w/v), gelatin (2 % w/v), starch (0.4 % w/v), Tween 
80 (1 % v/v) and tyrosine (0.4 % w/v) [10] were tested by TYES 
plate assays incubated at 25 °C for a week. Also, the miniatur-
ized galleries API 20NE and API ZYM (bioMérieux) were 
prepared according to the manufacturer´s instructions. The 
arginine dihydrolase, β-galactosidase (ONPG) and urease 
results were recorded from the API 20NE kit. Results of 
the comparative physiological characterization for the most 
closely related Flavobacterium species are given in Table 1 and 
in the species descriptions.

The 16S rRNA gene sequence of strain T13(2019)T was 
analysed as described previously [11]. PCR-amplification 
of the 16S rRNA gene was carried out with primers 27F 
(5′-GAGTTTGATCMTGGCTCAG-3′) and 1492R (5′-​ACGG​
YTAC​CTTG​TTAC​GACTT-3′) [12]. The 16S rRNA gene 

Table 1. Long-chain fatty acid composition (%) of strain T13(2019)T and 
type strains of related Flavobacterium species. tr, traces (<1 %) and –, 
not detected

Strains: 1, T13(2019)T; 2, F. chungangense KACC 13353T. All data from 
this study were obtained from cells grown on TSA at 28 °C for 24 h.

Fatty acid 1 2

Unknown 11.543* 0.9 2.0

C12 : 1 AT 11–12 – tr

C13 : 1 AT 12–13 0.8 tr

Unknown 13.566* – 5.3

iso C14 : 0 – tr

C14 : 0 0.8 tr

Iso-C15 : 1 G 2.8 2.2

Iso-C15 : 0 23.6 24.4

Anteiso-C15 : 0 3.1 2.3

C15 : 1 ω6c 1.6 6.2

C15 : 0 5.9 13.5

Iso-C16 : 1 h – 1.0

Iso-C16 : 0 – tr

C16 : 0 8.4 2.4

Iso-C15 : 0 3-OH 7.9 6.6

C15 : 0 3-OH 1.2 2.2

iso C17 : 1 ω9c 4.9 3.7

Unknown 16·580* - tr

Iso-C17 : 0 1.4 tr

C17 : 1 ω8c 0.7 2.0

C17 : 1 ω6c 1.2 4.7

Iso-C16 : 0 3-OH 1.1 1.6

C16 : 0 3-OH 2.8 1.0

Iso-C17 : 0 3-OH 11.7 7.4

C18 : 1 ω5c 0.7 –

C17 : 0 2-OH 0.7 tr

C17 : 0 3-OH - tr

Summed feature 1† - tr

Summed feature 2† 1.3 tr

Summed feature 3† 12.3 5.3

*Unknown fatty acids; numbers indicate the equivalent chain 
length
†Summed features represent groups of two or three fatty acids 
that could not be separated by GLC with the MIDI system. Summed 
feature 1 comprised C
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was sequenced in two Sanger sequencing reactions using 
primers 27F and E786F (5′-GATTAGATACCCTGGTAG-3′) 
as sequencing primers. Partial sequences were manually 
corrected based on the electropherograms and merged to a 
continuous sequence stretch using mega 7. The sequenced 
16S rRNA gene fragment of strains T13(2019)T represents a 
continuous stretch of 1430 nt spanning 16S rRNA gene posi-
tions 47 to 1505 (numbered according to the E. coli rrnB [13]). 
Next related type strains were determined using the EzBio-
Cloud 16S database including 16S rRNA gene sequences of 
type strains of all validated bacterial species [14].

Phylogenetic trees were calculated using the software package 
arb release 5.2 [15] and the corresponding ‘All species living 
tree project’ (LTPs [16]; database release LTPs132 [17]). 
Type strain sequences not yet included in the database were 
implemented into the database using the quick add mode 
after alignment with the silva Incremental Aligner (sina; 
v1.2.11 [18]). The alignment including all type strain 16S 
rRNA gene sequence of the genus Flavobacterium and the 
required outgroup type strain was checked manually. Phylo-
genetic trees were calculated with the maximum-likelihood 

method using RAxML version 7.04 [19] with GTR-GAMMA 
and rapid bootstrap analysis, the maximum-parsimony 
method using dnapars v 3.6 [20], and the neighbour-joining 
method using arb Neighbour-joining and the Jukes-Cantor 
correction [21]. The phylogenetic analysis based on 16S 
rRNA gene sequences between gene sequence positions 84 
and 1400 (numbered according to the E. coli rrnB numbering 
[13]) which was covered by all Flavobacterium type strain 
16S rRNA gene sequences. The phylogenetic trees based on 
100 re-samplings (bootstrap analysis [22]). A consensus tree 
was generated from the three phylogenetic trees using the 
respective arb tool [15].

Strain T13(2019)T shared highest 16S rRNA gene sequence 
similarity with the type strains of Flavobacterium chun-
gangense (98.44 %) followed by Flavobacterium tructae and 
Flavobacterium spartansii (both 98.22 %); sequence similari-
ties to two further type strains were also above 98.0 %, Flavo-
bacterium plurextorum and Flavobacterium pectinovorum. 
All respective species were considered in the phylogenetic 
analysis. Strain T13(2019)T clustered without high bootstrap 

Fig. 1. Phylogenetic tree showing the phylogenetic relationship of strain T13(2019)T to all closest related Flavobacterium type strains. 
The tree represents a consensus tree based on the Maximum-likelihood, Neighbour-joining, and Maximum-parsimony trees calculated 
in arb using the LPTs 132 database. Circles at nodes indicate which nodes were present in two (small circles) or three (large circles) of 
the three trees. Bar: 0.01 nucleotide substitutions per nucleotide position.
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support but in all calculated trees with the type strain of  
F. chungangense (Fig. 1)

The whole genome sequencing of strains T13(2019)T and 
F. chungangense CJ7T was carried out with a NextSeq 500 
instrument using the Nextera XT DNA library preparation 
kit (Illumina) and a 2×150 bp paired-end protocol, leading to 
4 040 711 read pairs (201× average sequencing depth, 323 bp 
average insert size) for strain T13(2019)T, and 1 256 559 read 
pairs (69× average sequencing depth, 384 bp average insert 
size) for strain CJ7T. Sequenced reads were trimmed and 
clipped using AlienTrimmer [23], corrected using musket 
[24], and next assembled using SPAdes [25]. The draft 
genome of strain T13(2019)T has a total size of 5 862 835 bps, 
represented in 138 scaffolds, with L50 and N50 values of 8 
and 250 437 bps, respectively, and a G+C content of 33.71 %. 
Scaffold sequences were processed with Prokka [26] for gene 
prediction and annotation, which led to the detection of 5030 
coding genes, 59 tRNAs and three rRNAs.

The average nucleotide identity (ANI) was estimated using 
fastANI [27] between the genome assemblies of strains 
T13(2019)T and F. chungangense CJ7T, but also against all 
the publicly available Flavobacterium type strain genome 
sequences. As expected, the most closely related type strain 
genome were those of F. chungangense CJ7T (95.19 %), followed 
by F. limi THG-AG6T (84.75 %) (Table S1, Fig. S1, available in 
the online version of this article). Corresponding pairwise in 
silico DNA–DNA hybridization (isDDH) percentages were 
58.50 % [55.7, 61.3] and 28.20 % [25.8, 30.7], respectively 

(formula two with confidence interval [28]). Although the 
estimated ANI against F. chungangense CJ7T is quite close to 
the 95 % species delineation cut-off value, the DDH measures 
(i.e. both estimate and confidence interval) are below the 
associated 70 % cut-off.

In the course of the genome sequence comparisons (Fig. 
S1), it was shown, that the type strains of F. tructae and F. 
spartansii shared 100 % 16S rRNA gene sequence similarities 
and ANI values of 97.21 % and 97.59 % and isDDH values of 
80.40 % [77.5 %, 83 %].

For biomass production of strain T13(2019)T subjected to 
analyses of quinones, polar lipids, and polyamine cells were 
grown in PYE broth (0.3 % peptone from casein, 0.3 % yeast 
extract, pH 7.2) at 28 °C with shaking. Biomass used for 
extraction of quinones and polar lipids was harvested at the 
stationary growth phase whereas biomass used to extract 
polyamines was harvested hat the late exponential growth 
phase.

Quinones and polar lipids were extracted applying the 
integrated procedure reported by Tindall [29, 30] and 
Altenburger et al. [31]). HPLC equipment was described 
by Stolz et al. [32]. Strain T13(2019)T revealed a quinone 
system containing exclusively MK-6 which is in line with 
the description of the family Flavobacteriaceae [33]. Strain 
T13(2019)T exhibited a polar lipid profile consisting of the 
major lipids phosphatidylethanolamine, an ornithine lipid 
and unidentified polar lipids L3 and L4 lacking a func-
tional group (Fig.  2). Additionally, moderate to minor 
amounts of unidentified lipids L1 and L2 and a glycolipid 
were detected.

Polyamines were extracted and derivatized as reported by 
Busse and Auling [34] and analysed according to Busse 
et al. [35]. In the polyamine pattern of strain T13(2019)T 
sym-homospermidine [32.0 µmol (g dry weight)−1], sper-
midine [7.35 µmol (g dry weight)−1], spermine [6.2 µmol (g 
dry weight)−1], cadaverine [3.1 µmol (g dry weight)−1] and 
putrescine [0.8 µmol (g dry weight)−1] were detected. A 
polyamine pattern with the predominant polyamine sym-
homospermidine was also listed as a characteristic in the 
description of the family Flavobacteriaceae [33].

Fatty acid analysis was performed on strain T13(2019)T and 
on the type strain of F. chungangense KACC 13353T (see 
Table 2) according to Kämpfer and Kroppenstedt [36] after 
growth on TSA at 28 °C for 24 h using a HP gas chroma-
tograph HP 6890 with a Sherlock MIDI software version 
2.11. Identification of the fatty acids was performed with 
the TSBA peak naming table version 4.1.

The fatty acid profile of strain T13(2019)T was similar to 
those of Flavobacterium spp. reference strains (Table 2). 
They showed a typical, complex fatty acid profile consisting 
of major amounts of iso-C15 : 0, iso-C15 : 0 3-OH, iso-C17 : 0 
3-OH, C15 : 0, summed feature 3 (C16 : 1 ω7c and/or iso-C15 : 0 
2-OH) and various hydroxylated fatty acids in smaller 
amounts, among them iso-C16 : 0 3-OH and C15 : 0 3-OH.

Fig. 2. Two-dimensional thin layer chromatogram showing the total 
polar lipids of strain T13(2019)T. Lipids were visualized by spraying with 
ethanolic (5 %) molybdatophosphoric acid and developing at 160 °C. PE, 
phosphatidylethanolamine; OL, ornithine lipid; L1-L4, unidentified polar 
lipids lacking a functional group; GL, unidentified glycolipid.
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Table 2. Physiological results and differentiating features of strains F. salmonis T13(2019)T and the type strains of the most closely related Flavobacterium 
species

Strains: 1, T13(2019)T; 2, F. chungangense KACC 13353T and 3, F. tructae 435-08T and 4, F. spartansii T16T; Data for taxa 1 and 2 from this study. nd, Not 
determined; (+), weakly positive.

Strain 1 2 3 4*

Origin Fish culture water sample Freshwater lake sample Diseased rainbow trout Diseased feral Chinook 
salmon

Year of isolation 2013 2009 2014 2014

Country Chile South Korea Spain USA

Flexirubin + −* +* +

Acid produced from

 � Sucrose + + − −

 � d-Mannitol − − − −

 � l-Arabinose − + − −

 � Maltose (+) + + +

 � d-Xylose − − − −

 � Trehalose − − + +

 � Cellobiose − − + +

 � d-Mannose − + + v

Hydrolisis of

 � oNP-β-d-galactopyranoside (+) + − nd

 � pNP-β-d-glucuronide − − − nd

 � pNP-phosphoryl-choline − − + nd

Assimilation of:

 � N-acetyl-d-galactosamine − − (+) +

 � N-acetyl-d-glucosamine − − + nd

 � l-Arabinose + − − −

 � d-Fructose − + − −

 � Gluconate − − − −

 � Sucrose + − − −

 � Trehalose − − + nd

 � d-Xylose − − − nd

 � l-Malate − + − nd

 � Pyruvate − − − nd

 � l-Alanine − − − nd

 � l-Ornithine − − − −

Other physiological tests*

Gliding motility + − − +

Temperature growth range (°C) 10–30 5–35 4–30 4–22

pH tolerance range 6.5–9.5 5–8 6.5–9.0 6–8

NaCl tolerance range (%) 0–1 0–4 0–1 0–2

Continued
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Fatty acid profiles as well as 16S rRNA gene sequence analyses 
show unambiguously that the strain T13(2019)T is affiliated 
with the genus Flavobacterium.

On the basis of the observed phenotypic differences, the 
results of the ANI calculations and the differences in 16S 
rRNA gene sequences, we propose a novel Flavobacterium 
species.

DESCRIPTION OF FLAVOBACTERIUM 
SALMONIS SP. NOV.
Flavobacterium salmonis (​sal.​mo´nis. L. gen. n. salmonis of 
salmon, since it was first discovered in salmon).

Cells are Gram-staining-negative, gliding, strictly aerobic 
long rods, 0.8–1.0 µm in diameter and 2.0–3.0 µm in length. 
Colonies grown on tryptone soy agar are circular, convex 
and yellowish and on TYES agar plates are orange, circular 
and translucent colonies and do not adhere to agar medium. 
The flexirubin test is positive and Congo red is not absorbed. 
Optimal temperature for growth is 25 °C but growth is 
observed at 10–30°C but not at 4 and 36 °C. Oxidase and 
catalase activities are positive.

Good growth occurs on plates prepared with marine 
agar, nutrient agar, tryptone soy agar, Columbia agar (no 
haemolysis production), R2A, and Mueller-Hinton, but 
not on thiosulfate-citrate-bile salts-sucrose. Cells grow in 
the presence of 0–1 % NaCl, regardless of the culture media 
employed in this test. Optimal pH for growth is 7–8 on TSA 
and 5–7 in TYES broth; growth occurs at pH 6.5–8.5 and 
5–9 in TSA and TYES broth, respectively. Growth occurs on 
casein plates. Hydrolysis of aesculin, gelatine and amylase 
production are observed, but neither Tween 80 hydrolysis nor 
DNAse production. The strain produces diffuse agar brown 
pigmentation after 4–5 d of incubation on l-tyrosine agar 
plates.

Acid is produced from d-glucose, maltose, cellobiose (weak) 
and sucrose, but not from l-arabinose, lactose, trehalose, 
d-xylose, d-mannitol, dulcitol, salicin, d-adonitol, inositol, 
sorbitol, raffinose, rhamnose, methyl-d-glucoside, eryth-
ritol, melibiose and d-arabitol. No H2S- and indole produc-
tion, and also no activities of urease, arginine-dihydrolase, 
lysine-decarboxylase, and ornithine-decarboxylase are 
observed. l-Arabinose (weak), cellobiose (weak), d-glucose, 
maltose, rhamnose and sucrose are utilized as carbon 
sources. The utilization of N-acetyl-d-galactosamine, 
p-arbutin, N-acetyl-d-glucosamine, gluconate, d-fructose, 

d-galactose, d-mannitol, d-mannose, melibiose, d-ribose, 
sorbitol, trehalose, d-xylose, pyruvate, acetate, cis-aconitate, 
adipate, d-adonitol, inositol, azelate, l-alanine, l-ornithine 
ß-alanine, l-aspartate, citrate, fumarate, glutarate, l-
histidine, 3-hydroxybenzoate, 4-hydroxybenzoate, dl-3-
hydroxybutyrate, 4-hydroxybutyrate, l-leucine, l-malate, 
d-maltitol, mesaconate, oxoglutarate, phenylacetate, 
propionate, putrescine, l-phenylalanine, suberate and l-
tryptophane are negative, according to the method of Kämpfer 
et al. [37]. Hydrolyses aesculin, oNP-β-d-galactopyranoside 
(oNP=ortho-nitrophenyl), pNP-alpha-d-glucopyranoside, 
pNP-β-d-glucopyranoside, and l-glutamate-gamma-
3-carboxy-pNA. pNP-β-d-glucuronide (pNP=para-
nitrophenyl), l-alanine-pNA (pNA=para-nitroanilide), 
p-phosphoryl-choline, Bis-pNP-phosphate, pNP-phenyl-
phosphonate and l-proline-pNA. pNP-β-d-xyloside are not 
hydrolysed.

Major polyamine is sym-homospermidine. In the quinone 
system MK-6 is predominant. Major polar lipids are phos-
phatidylethanolamine, ornithine lipid and the unidenti-
fied polar lipids L1, L3 and L4 lacking a functional group. 
Moderate to minor amounts of unidentified lipid L2 and a 
glycolipid are present, as well.

Major fatty acids are iso-C15 : 0, iso-C15 : 0 3-OH, iso-C17 : 0 
3-OH, C15 : 0, summed feature 3 (C16 : 1 ω7c and/or iso-
C15 : 0 2-OH). Various hydroxylated fatty acids in smaller 
amounts, among them iso-C16 : 0 3-OH, C16 : 0 3-OH and C15 : 0 
3-OH are detected.

The type strain T13(2019)T (=CIP 111411T=LMG 
30298T=CCM 8798T) was isolated from Atlantic salmon 
(Salmo salar) fry culture in Chile.

The GenBank/EMBL/DDBJ accession number for the 16S 
rRNA gene sequence of strain T13(2019)T is MN594468. 
Genome Shotgun project of strain T13(2019)T has been 
deposited at DDBJ/ENA/GenBank under the accession 
number CAIJDP00000000.

In addition, we propose the reclassification of Flavobacterium 
spartansii as a heterotypic synonym of Flavobacterium tructae 
on the basis of whole genome sequence comparisons and 
phenotypic properties.

The 16S rRNA sequences of F. tructae (HE612100) and F. 
spartansii (JX287799) revealed identity (100 %) and ANI 
values of the genome sequences gave similarities of 97.21 %/ 
97.59 %, respectively, and isDDH values of 80.40 % [77.5 %, 
83 %].

Strain 1 2 3 4*

Nitrate reduction + − + −

Lipase (C14) + − − −

*Data obtained from Kim et al. [40] for F. chungangense, Zamora et al. [3] for F. tructae and Loch & Faisal [4] for F. spartansii T16T.

Table 2.  Continued
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A comparsion of phenotypic traits (Table 1) also showed high 
similarities and in many cases identical results between both 
strains.

Flavobacterium tructae and Flavobacterium spartansii were 
both proposed in 2014 by Zamora et al. [3], and Loch et al. 
[4] respectively. Both names appear in the same notification 
list of validated names [38].

The close genomic relationship was already detected by 
Garcia-López et al. [39] who emended the description of  
F. spartansii. However, a formal proposal was not made at 
this time.

Here we propose that Flavobacterium spartansii is a hetero-
typic synonym of Flavobacterium tructae. The description is 
that of Zamora et al. [3]. Accession numbers of the genome 
are given by Garcia-López et al. [39]. Strain T16T (=LMG 
27337T=ATCC BAA-2541T) is an additional strain of Flavo-
bacterium tructae.
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