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Abstract
Strain FF8T (= CSUR P860 = DSM 28259) was isolated in Dakar,

Senegal, from the urine of a 65-year-old man with acute cystitis.

This strain shows a similarity of sequence of 16S rRNA of

98.38% with Weeksella virosa, and its GenBank accession numbers

are HG931340 and CCMH00000000. Matrix-assisted laser

desorption/ionization time-of-flight mass spectrometry analysis

had a poor score, ranging from 1.32 to 1.56, that did not allow

identification of the bacterium. Using a polyphasic study made of

phenotypic and genomic analyses, strain FF8T was a Gram-

negative, aerobic rod and a member of the family

Flavobacteriaceae. The sequenced genome is 2 562 781 bp with

one chromosome but no plasmid. It exhibits a G + C content of

35.9% and contains 2390 protein-coding and 56 RNA genes,

including a complete rRNA operon. On the basis of these data,

we propose the creation of Weeksella massiliensis sp. nov.
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Introduction
The genusWeeksella (Holmes et al., 1986) was first described in
1986 [1]. To date, this genus includes one species, Weeksella

virosa, which has been isolated from human clinical specimens
[1,2].

The current classification of prokaryotes relies on a poly-
phasic strategy combining phenotypic and genotypic charac-

teristics [3,4]. These include 16S rRNA sequence similarity,
G + C content and DNA-DNA hybridization (DDH). However,
these tools have significant drawbacks, notably that the rec-

ommended threshold values do not apply to all species or
genera [5,6].

Thanks to the progress made in sequencing technologies and
their lowering costs, almost 40 000 bacterial genome sequences

are currently available, covering many phyla [7]. Recently we
proposed to integrate phenotypic characteristics, notably the

MALDI-TOF spectrum, and genomic analysis and comparison in
the taxonomic description of bacterial species [5,8,9]. We

named this strategy taxonogenomics [5].
Strain FF8T (= CSUR P860 = DSM 28259) was isolated from

the urine of a 65-year-old man treated at the Hôpital Principal

de Dakar, Senegal. That is a Gram-negative bacterium, aerobic,
indole negative, nonmotile and rod shaped. This bacterium was

cultivated as part of the MALDI-TOF implementation at Hôpital
Principal de Dakar aiming to improve the routine laboratory

identification of microorganisms [10].
Here we present a summary classification and a set of fea-

tures for Weeksella massiliensis sp. nov., together with the
description of the complete genome sequencing and annota-
tion. These characteristics support the circumscription of the

species Weeksella massiliensis.
Organism Information
Classification and features
In July 2013, a urine sample was collected from a 65-year-old
Senegalese man with acute cystitis. From this clinical sample
strain FF8 (Table 1) was isolated by cultivation on 5% sheep’s

blood–enriched Columbia agar (bioMérieux, Marcy l’Etoile,
France). When analysed by MALDI-TOF, no identification was

obtained because the strain displayed low scores.
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TABLE 1. Classification and general features of Weeksella

massiliensis strain FF8T [19]

MIGS
ID Property Term

Evidence
codea

Classification Domain: Bacteria TAS [34]
Phylum: Bacteroidetes TAS [11,12]
Class: Flavobacteriia TAS [35,36]
Order: Flavobacteriales TAS [35–37]
Family: Flavobacteriaceae TAS [38]
Genus: Weeksella TAS [1]
Species: Weeksella
massiliensis

IDA

(Type) strain: FF8T IDA
Gram stain Negative IDA
Cell shape Rod IDA
Motility Not motile IDA
Sporulation Non–spore forming NAS
Temperature range Mesophile IDA
Optimum temperature 37°C IDA
Optimum pH range 7.2–7.4; 7.3
Carbon source Unknown

MIGS-6 Habitat Human IDA
MIGS-6.3 Salinity Unknown
MIGS-22 Oxygen requirement Aerobic TAS
MIGS-15 Biotic relationship Free living TAS
MIGS-14 Pathogenicity Unknown
MIGS-4 Geographic location Dakar TAS
MIGS-5 Sample collection November 28, 2013 TAS
MIGS-4.1 Latitude 14.6937000 TAS
MIGS-4.1 Longitude −17.4440600 TAS
MIGS-4.4 Altitude 12 m above sea level TAS

MIGS, minimum information about a genome sequence.
aEvidence codes are as follows: IDA, inferred from direct assay; TAS, traceable
author statement (i.e., direct report exists in the literature); NAS, nontraceable
author statement (i.e., not directly observed for the living, isolated sample, but
based on a generally accepted property for the species or on anecdotal evidence).
These evidence codes are from http://www.geneontology.org/GO.evidence.shtml
of the Gene Ontology project [39]. If the evidence is IDA, then the property was
directly observed for a live isolate by one of the authors or an expert mentioned in
the acknowledgements.
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Strain FF8 exhibited a 98.38% 16S rRNA sequence similarity
with Weeksella virosa strain DSM 16922T (GenBank accession
number NR_074495), the phylogenetically closest bacterial

species with standing in nomenclature. These values were
lower than the 98.7% 16S rRNA gene sequence threshold

recommended by Meier-Kolthoff et al., 2013, to delineate a new
species within phylum Bacteroidetes [11,12] without carrying

out DDH [13]. A phylogenetic tree based on the 16S rRNA
sequence highlights the position of Weeksella massiliensis strain

FF8T among the family Flavobacteriaceae (Fig. 1). Different
growth temperatures (25, 30, 37, 45 and 56°C) were tested.
Growth was obtained between 25 and 37°C, with an optimal

growth at 37°C. Growth of the strain was tested also under
anaerobic and microaerophilic conditions using GENbag anaer

and GENbag microaer systems, respectively (bioMérieux), and
under aerobic conditions, with or without 5% CO2. Thus the

optimal growth was observed under aerobic and micro-
aerophilic conditions. No growth was observed under anaer-

obic conditions. The colonies were opaque, light yellow in
color with a smooth surface, not haemolytic on 5% sheep’s

blood–enriched Columbia agar (bioMérieux) and approxi-
mately 2 mm in diameter. A motility test was negative. Cells are
New Microbes and New Infections © 2015 The Authors. Published by Elsevier Ltd on behalf of
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Gram-negative, non-spore-forming rods of regular shape with

rounded ends (Fig. 2) and have mean diameter of 0.3 μm (range,
0.2–0.5 μm) and a mean length of 1.5 μm (range, 0.8–2.1 μm)

(Fig. 3). Weeksella massiliensis strain FF8T does not grow on
MacConkey agar [14].

Chemotaxonomic information
This bacterium possesses catalase and oxidase. Using an API
ZYM strip (bioMérieux), positive reactions were observed for

alkaline phosphatase, esterase, esterase– lipase, leucine aryla-
midase, acid phosphatase and naphthol-AS-BI-

phosphohydrolase. Negative reactions were noted for
α-chymotrypsin, cystine arylamidase, valine arylamidase,

trypsin, α-glucosidase, β-glucosidase, α-galactosidase, β-galac-
tosidase, β-glucuronidase, α-mannosidase, α-fucosidase and N-
acetyl-β-glucosaminidase. Strain FF8T is susceptible to ceftri-

axone, amoxicillin/clavulanic acid, penicillin, imipenem, genta-
micin and doxycycline but resistant to nitrofurantoin,

vancomycin, trimethoprim/sulfamethoxazole and metronida-
zole. The minimum inhibitory concentrations (MICs) for some

antibiotics tested by Weeksella massiliensis strain FF8T sp. nov.
are listed in Table 2. A comparison of phenotypic characteris-

tics with W. virosa, Bergeyella zoohelcum [15] and Moheibacter
sediminis [16] is presented in Table 3.

Extended features descriptions
MALDI-TOF protein analysis was performed with a Microflex
LT (Bruker Daltonics, Leipzig, Germany), as previously re-

ported [17,18]. The scores previously established by Bruker
allowing validating (or not) the identification of species

compared to the database of the instrument were applied.
Briefly, a score of � 2.000 with a species with a validly pub-

lished name provided allows the identification at the species
level; a score of � 1.700 and < 2.000 allows the identification at
the genus level; and a score of < 1.700 does not allow any

identification. We performed 12 distinct deposits from 12
isolated colonies of strain FF8T. Two microliters of matrix so-

lution (saturated solution of α-cyano-4-hydroxycinnamic acid)
in 50% acetonitrile and 2.5% trifluoroacetic acid were distrib-

uted on each smear and submitted at air drying for 5 minutes.
Then the spectra from the 12 different colonies were imported

into the MALDI BioTyper software (version 2.0, Bruker) and
analysed by standard pattern matching (with default parameter
settings) against the main spectra of 6252 bacteria. Scores

ranging from 1.32 to 1.56 were obtained for strain FF8T, sug-
gesting that it was not a member of any known species. The

reference mass spectrum from strain FF8T was incremented in
our database (Fig. 4). The gel view highlighted spectrum dif-

ferences with other Flaviobacteriaceae species (Fig. 5).
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FIG. 1. Phylogenetic tree showing position ofWeeksella massiliensis strain FF8T relative to other type strains within family Flavobacteriaceae. Strains and

their corresponding 16S rRNA GenBank accession numbers are: Bergeyella zoohelcum strain ATCC 43767, M93153 (GA: AGYA00000000); Chrys-

eobacterium gleum strain ATCC 35910, M58772 (GA: ACKQ00000000); Chryseobacterium arthrosphaerae strain CC-VM-7, FN398101; Chryseobacterium

culicis strain R4-1A, FN554975; Chryseobacterium taichungense strain CC-TWGS1-8T, AJ843132; Chryseobacterium taiwanense strain BCRC 17412,

DQ318789 (GA: JWTA00000000); Chryseobacterium bovis strain H9, EF204446; Chryseobacterium formosense strain CC-H3-2, AY315443 (GA:

JPRP00000000); Chryseobacterium scophthalmum strain LMG 13028, AJ271009; Chryseobacterium balustinum strain LMG 8329, AY468447; Chrys-

eobacterium piscium strain LMG 23089T, AM040439; Epilithonimonas lactis strain H1, EF204460 (GA: JPLY00000000); Epilithonimonas tenaxstrain DSM

16811, AF493696 (GA: AUAA00000000); Elizabethkingia meningoseptica strain ATCC 13253T, AJ704540 (GA: BARD00000000); Elizabethkingia

anophelis strain Ag1, EF426426 (GA: AHHG00000000); Soonwooa buanensis strain HM0024T, FJ713810; Ornithobacterium rhinotracheale strain DSM

15997, NR102940 (GA: CP003283); Moheibacter sediminis strain M0116, KF694750; Empedobacter brevis strain NBRC 14943, NR112974 (GA:

ARNT00000000); W. massilliensis strain FF8T, HG931340 (GA: CCMH00000000); Weeksella virosa strain DSM 16922T, NR074495 (GA: CP002455);

and Empedobacter falsenii strain NF 993T, AM084341. Sequences were aligned using MUSCLE [42], and phylogenetic tree inferred by maximum

likelihood method with Kimura 2-parameter model from MEGA 6 software [43]. Numbers at nodes are percentages of bootstrap values obtained by

repeating analysis 1000 times to generate majority consensus tree. E. falsenii was used as outgroup. Scale bar = rate of substitution per site of 0.1.
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Genome Sequencing Information
Genome project history
The organism was selected for sequencing on the basis of its
phylogenetic position, 16S rRNA similarity and phenotypic

differences with other members of the family Flavobacteriaceae.
It was the second genome within Weeksella genus and the first

genome of W. massiliensis sp. nov. The GenBank accession
number is CCMH00000000 and consists of 54 contigs. Table 4
shows the project information and its association with mini-

mum information about a genome sequence (MIGS, version
2.0) compliance [19]; associated MIGS records are also sum-

marized in Supplemental Table S1.
New Microbes and New Infections © 2015 The Authors. Published by Elsevier Ltd on beha
This is an open access arti
Growth conditions and genomic DNA preparation
Weeksella massiliensis strain FF8T (= CSUR P860 = DSM 28259)

was grown aerobically on 5% sheep’s blood–enriched
Columbia agar (bioMérieux) at 37°C. Bacteria grown on four

petri dishes were resuspended in 5 × 100 μL of Tris-EDTA
buffer; 150 μL of this suspension was diluted in 350 μL Tris-

EDTA buffer 10×, 25 μL proteinase K and 50 μL sodium
dodecyl sulfate for lysis treatment. This preparation was incu-
bated overnight at 56°C. Extracted DNA was then purified

using 3 successive phenol–chloroform extractions (Thermo
Fisher Scientific, Waltham, MA, USA) and ethanol precipitations

at −20°C overnight. After centrifugation, the DNA was sus-
pended in 65 μL elution buffer. The genomic DNA
lf of European Society of Clinical Microbiology and Infectious Diseases, NMNI, 8, 89–98
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FIG. 2. Gram staining of Weeksella massiliensis strain FF8T.

FIG. 3. Transmission electron microscopy of Weeksella massiliensis

strain FF8T. Cells were observed with Tecnai G20 transmission elec-

tron microscope operated at 200 keV. Scale bar = 200 nm.
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concentration was measured at 53.7 ng/μL using the Qubit
assay with the high sensitivity kit (Life Technologies, Carlsbad,

CA, USA).

Genome sequencing and assembly
Genomic DNA ofWeeksella massiliensis FF8T was sequenced on

a MiSeq sequencer (Illumina, San Diego, CA, USA) using the
TABLE 2. Antimicrobial susceptibility and MICs of Weeksella

massiliensis strain FF8T sp. nov.

Antibiotic MIC (mg/L) Interpretation

Penicillin 0.125 Susceptible
Ceftriaxone 0.06 Susceptible
Amoxicillin/clavulanic acid 0.16 Susceptible
Imipenem 0.15 Susceptible
Gentamycin 0.06 Susceptible
Vancomycin 3 Resistant
Trimethoprim/sulfamethoxazole 4 Resistant

MIC, minimum inhibitory concentration.

New Microbes and New Infections © 2015 The Authors. Published by Elsevier Ltd on behalf of
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mate pair strategy. The genomic DNA (gDNA) was bar coded

in order to be mixed with 11 other projects with the Nextera
Mate-Pair sample prep kit (Illumina). The mate pair library was

prepared with 1 μg of genomic DNA using the Nextera Mate-
Pair Illumina guide. The gDNA sample was simultaneously

fragmented and tagged with Mate-Pair junction adapters. The
fragmentation pattern was validated on an Agilent 2100 Bio-
Analyzer (Agilent Technologies, Santa Clara, CA, USA) with a

DNA 7500 lab chip. The DNA fragment sizes ranged from 1 to
10 kb with an optimal size at 3.1 kb. No size selection was

performed, and only 143 ng of tagmented fragments were
circularized. The circularized DNA was mechanically sheared

to small fragments with an optimal at 645 bp on a Covaris
device S2 in microtubes (Covaris, Woburn, MA, USA). The

library profile was visualized on a High Sensitivity Bioanalyzer
LabChip (Agilent Technologies), and the final concentration li-
brary was measured at 6.03 nmol/L. The libraries were

normalized at 2 nM and pooled. After a denaturation step and
dilution at 15 pM, the pool of libraries was loaded onto the

reagent cartridge and then onto the instrument along with the
flow cell. Automated cluster generation and sequencing were

performed in a single 27-hour run in a 2 × 151 bp. Total in-
formation of 6 Gb was obtained from a 1158K/mm2 cluster

density with a cluster passing quality control filters of 88.9%
(21 834 000 clusters). Within this run, the index representation

for Weeksella massiliensis was determined to 8.32%. The
1 613 495 paired reads were filtered according to the read
qualities. These reads were trimmed then assembled thought

CLCgenomicsWB4 software. Finally, the draft genome of
Weeksella massiliensis consists of 17 scaffolds made of 54 contigs

and generated a genome size of 2.56 Mb with G + C content of
35.9%.

Genome annotation
Open reading frames (ORFs) were predicted using Prodigal
[20] with default parameters, but the predicted ORFs were

excluded if they were spanning a sequencing gap region. The
predicted bacterial protein sequences were searched against

the GenBank database [21] and the Clusters of Orthologous
Groups (COGs) database using BLASTP. The tRNAScanSE tool

[22] was used to find tRNA genes, whereas ribosomal RNAs
were found by using RNAmmer [23] and BLASTn against the

GenBank database. Lipoprotein signal peptides and the number
of transmembrane helices were predicted using SignalP [24] and
TMHMM [25], respectively. ORFans were identified if their

BLASTP E value was lower than 1e−03 for alignment length
greater than 80 aa. If alignment lengths were smaller than 80 aa,

we used an E value of 1e−05. Such parameter thresholds have
already been used in previous works to define ORFans. Artemis

[26] was used for data management, and DNA Plotter [27] was
European Society of Clinical Microbiology and Infectious Diseases, NMNI, 8, 89–98
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TABLE 3. Differential characteristics of Weeksella massiliensis strain FF8T (data from this study), W. virosa strain DSM 16922T [1],

Bergeyella zoohelcum strain D658 T [15], Moheibacter sediminis strain M0116T [16], Elizabethkingia meningoseptica [40] and

Chryseobacterium bovis [41]

Character
Weeksella
massiliensis

Weeksella
virosa

Bergeyella
zoohelcum

Moheibacter
sediminis

Elizabethkingia
meningoseptica

Chryseobacterium
bovis

Cell diameter (μm) 0.2–0.5 NA NA 0.2–0.3 0.5–1.0 0.5–0.9
Oxygen requirement Aerobic Aerobic Aerobic Aerobic Aerobic Aerobic
Gram stain − − − − − −

Motility − − − − − −

Endospore formation − − − − − −

Production of
Alkaline phosphatise + + + + + +
Acid phosphatise + + + + + +
Catalase + + + + + +
Oxidase + + + + + +
Nitrate reductase − − − − − −

Urease − − + − − −

α-Galactosidase − − − − + NA
β-Galactosidase − − − − − +
β-Glucuronidase − − − − − NA
α –Glucosidase − − − + + +
β-Glucosidase − − − + − NA
Esterase + + − + − +
Esterase lipase + + NA + + +
Naphthol-AS-BI-

phosphohydrolase
+ + + + + +

N-acetyl-β-glucosaminidase − − − − NA +
Utilization of
5-keto-gluconate − NA NA + NA NA
D-Xylose + − + − + −

D-Fructose − − − − + +
D-Glucose − − − − + +
D-Mannose − − NA − NA +
Habitat Human Human Parasite saprophytic Sediment Human Animal

NA, data not available.

FIG. 4. Reference mass spectrum fromWeeksella massiliensis strain FF8T. This reference spectrumwas generated by comparison of 12 individual colonies.
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FIG. 5. Gel view comparing Weeksella massiliensis strain FF8T to members of family Flavobacteriaceae. Gel view displays raw spectra of all loaded

spectrum files arranged in pseudo-gel-like look. X-axis records m/z value. Left y-axis displays running spectrum number originating from subsequent

spectra loading. Peak intensity expressed by grayscale scheme code. Color bar and right y-axis indicate relation between color peak; peak intensity

displayed in arbitrary units. Displayed species are indicated at left.
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used for visualization of genomic features. The Mauve alignment
tool (version 2.3.1) was used for multiple genomic sequence

alignment [28]. To estimate the mean level of nucleotide
sequence similarity at the genome level, we used calculated the

average genomic identity of orthologous gene sequences
(AGIOS) parameter using an in-lab pipeline named Marseille

Average Genomic Identity (MAGi). Briefly, this software com-
bines the Proteinortho software [29] for detecting orthologous
proteins in pairwise comparisons of genomes, then retrieves

the corresponding genes and determines the mean percentage
of nucleotide sequence identity among orthologous ORFs using

the Needleman-Wunsch global alignment algorithm. The script
TABLE 4. Project information

MIGS ID Property Term

MIGS-31 Finishing quality High-quality draft
MIGS-28 Libraries used Paired-end 3.1 kb library
MIGS-29 Sequencing platforms Illumina MiSeq
MIGS-31.2 Fold coverage 30.88x
MIGS-30 Assemblers CLCGENOMICSWB4
MIGS-32 Gene calling method Prodigal

Locus tag Not indicated
GenBank ID CCMH00000000
GenBank date of release August 22, 2014
GOLD ID Gp0102101
BioProject ID PRJEB5516

MIGS-13 Source material identifier DSM 28259
Project relevance MALDI-TOF implementation in Dakar

MALDI-TOF, matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry; MIGS, minimum information about a genome sequence.

New Microbes and New Infections © 2015 The Authors. Published by Elsevier Ltd on behalf of
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was created to calculate the average genomic identity of
orthologous gene sequences (AGIOS) between genomes by

MAGi. The MAGi script created to calculate AGIOS values
written in Perl and BioPerl modules. Genome-to-genome dis-

tance (GGDC) analysis was also performed using the GGDC
Web server (http://ggdc.dsmz.de/) as previously reported

[30,31].
Genome Properties
The genome of W. massiliensis strain FF8T is 2 562 781 bp long

with a 35.9% G + C content (Fig. 6). Of the 2446 predicted
genes, 2390 were protein-coding genes and 56 were RNAs
genes. Three rRNA genes (one 16S rRNA, one 23S rRNA and

one 5S rRNA) and 53 predicted tRNA genes were identified in
the genome. A total of 1428 genes (58.38%) were assigned a

putative function. Eighty genes were identified as ORFans
(3.27%). The remaining genes were annotated as hypothetical

proteins. The properties and the statistics of the genome are
summarized in Table 5. The distribution of genes into COGs

functional categories is presented in Table 6.

Insights From Genome Sequence
Here we compared the genome sequence of W. massiliensis

strain FF8T with those of Weeksella virosa strain DSM 16922T
European Society of Clinical Microbiology and Infectious Diseases, NMNI, 8, 89–98
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FIG. 6. Graphical circular map of Weeksella massiliensis strain FF8T chromosome. From outside in, outer two circles show open reading frames

oriented in forward (colored by COGs categories) and reverse (colored by COGs categories) directions, respectively. Third circle marks rRNA gene

operon (red) and tRNA genes (green). Fourth circle shows G + C content plot. Innermost circle shows GC skew, with purple indicating negative

values and olive positive values. COGs, Clusters of Orthologous Groups (COGs) database.

TABLE 5. Nucleotide content and gene count levels of

genome

Attribute Value % of totala

Genome size (bp) 2 562 781 100
DNA coding (bp) 413 280 16.12
DNA G + C (bp) 920 038 35.9
DNA scaffolds 07 —
Total genes 2446 100
Protein coding genes 2390 97.71
RNA genes 56 2.28
Pseudo genes ND —
Gens in internal clusters ND —
Genes with function prediction 1428 58.38
Genes assigned to COGs 1567 64.06
Genes with Pfam domains 1022 41.78
Genes with signal peptides 279 11.40
Genes with transmembrane helices 528 21.58
ORFan genes 80 3.27
CRISPRs 2

COGs, Clusters of Orthologous Groups (COGs) database; CRISPR, clustered
regularly interspaced short palindromic repeat; ND, not determined.
aTotal is based on either size of genome (bp) or total number of protein-coding
genes in annotated genome.
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(GenBank accession number CP002455), Chryseobacterium
gleum strain ATCC 35910T (ACKQ00000000), Elizabethkingia
meningoseptica ATCC 13253T (BARD00000000) and Empedo-

bacter brevis strain NBRC 14943T (ARNT00000000). The draft
genome of W. massiliensis has a larger size than that of W. virosa

(2.56 Mb and 2.27 Mb, respectively) but smaller than those of
C. gleum, E. meningoseptica and E. brevis (5.57 Mb, 3.96 Mb and

3.79 Mb, respectively). Weeksella massiliensis has a higher G + C
content than E. brevis (35.89% and 32.7%, respectively) but

lower than W. virosa, C. gleum and E. meningoseptica (35.9%,
36.8% and 36.4%, respectively). Because it has been suggested
in the literature that the G + C content deviation is at most 1%

within species, these data prove that this strain is a new taxon
[32]. The gene content of W. massiliensis is larger than that of

W. virosa (2446 and 2171, respectively) but smaller than those
of C. gleum, E. meningoseptica and E. brevis (5369, 3423 and

3655, respectively). However, the distribution of genes into
COGs categories was similar in all compared genomes. In

addition, W. massiliensis shared 2390, 2049, 5289, 3369 and
lf of European Society of Clinical Microbiology and Infectious Diseases, NMNI, 8, 89–98
cle under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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TABLE 6. Number of genes associated with general COGs

functional categoriesa

Code Value % Description

J 139 5.82 Translation, ribosomal structure and
biogenesis

A 0 0 RNA processing and modification
K 83 3.47 Transcription
L 122 5.10 Replication, recombination and repair
B 0 0 Chromatin structure and dynamics
D 17 0.71 Cell cycle control, cell division, chromosome

partitioning
V 43 1.80 Defense mechanisms
T 46 1.92 Signal transduction mechanisms
M 158 6.61 Cell wall/membrane biogenesis
N 4 0.17 Cell motility
U 27 1.13 Intracellular trafficking and secretion
O 86 3.60 Posttranslational modification, protein turnover,

chaperones
C 106 4.44 Energy production and conversion
G 56 2.34 Carbohydrate transport and metabolism
E 148 6.19 Amino acid transport and metabolism
F 56 2.34 Nucleotide transport and metabolism
H 87 3.64 Coenzyme transport and metabolism
I 80 3.35 Lipid transport and metabolism
P 107 4.48 Inorganic ion transport and metabolism
Q 39 1.63 Secondary metabolites biosynthesis, transport

and catabolism
R 211 8.83 General function prediction only
S 116 4.85 Function unknown
— 823 33.64 Not in COGs

COGs, Clusters of Orthologous Groups (COGs) database.
aTotal is based on total number of protein-coding genes in annotated genome.
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3589 orthologous genes with W. virosa, C. gleum, E. meningo-
septica and E. brevis, respectively.

Because only one genome was available for the genus
Weeksella, we used the genomes from closely related species

for the calculation of AGIOS values. The AGIOS values ranged
from 66.45% to 73.15% between W. virosa and other members

of the family Flavobacteriaceae (Table 7). W. massiliensis exhibi-
ted similar values when compared to representatives of other
genera, from 66.65% to 72.25%, but a higher value when

compared to W. virosa (87.85%). In addition, digital DDH
TABLE 7. Numbers of orthologous proteins shared between genom

Weeksella massiliensis Weeksella virosa Chryseobac

W. massiliensis 2390 1584 1421
W. virosa 87.85 2049 1297
C. gleum 66.69 66.45 5289
E. meningoseptica 66.65 66.54 73.15
E. brevis 72.25 71.80 67.39

Bold indicates numbers of proteins per genome.

TABLE 8. Pairwise comparison of W. massiliensis, W. virosa, C. gleum

Weeksella massiliensis Weeksella virosa Chryseobac

W. massiliensis 100% 32.9% 22.1%
W. virosa 100% 26.7%
C. gleum 100%
E. meningoseptica
E. brevis

GGDC, genome-to-genome distance.

New Microbes and New Infections © 2015 The Authors. Published by Elsevier Ltd on behalf of
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/lice
similarities between the genomes were calculated by the

GGDC Web server version 2.0, as recommended (Table 8)
[30–33].
Conclusions
On the basis of phenotypic, phylogenetic and genomic analyses,
we formally propose the creation of Weeksella massiliensis sp.

nov. that contains strain FF8T as type strain. The strain was
isolated from the urine of a 65-year-old Senegalese man who

sought care at the Hôpital Principal de Dakar, Senegal.
Description of Weeksella massiliensis sp. nov.
Weeksella massiliensis (mas.il.i.en’sis. L. gen. fem. n. massiliensis,

of Massilia, the Latin name for Marseille, where strain FF8T was
cultivated). Colonies were 2 mm in diameter and are opaque
and light yellow with a smooth surface on 5% sheep’s blood-

enriched Columbia agar. It is not haemolytic on blood agar.
Cells are Gram negative and not motile, with a mean diameter

of 0.3 μm (range, 0.2–0.5 μm) and a mean length of 1.5 μm
(range, 0.8–2.1 μm). Cells were catalase and oxidase positive.

Positive reactions were observed for alkaline phosphatase,
esterase, esterase– lipase, leucine arylamidase, phosphatase acid

and naphthol-AS-BI-phosphohydrolase activities. Negative re-
actions were noted for α-chymotrypsin, cystine arylamidase,

valine arylamidase, trypsin, α-glucosidase, β-glucosidase,
α-galactosidase, β-galactosidase, β-glucuronidase, α-man-
nosidase, α-fucosidase and N-acetyl-β-glucosaminidase activ-

ities. Weeksella massiliensis strain FF8T is susceptible to
es (upper right) and AGIOS values obtained (lower left)

terium gleum Elizabethkingia meningoseptica Empedobacter brevis

1254 1647
1174 1551
1523 1658
3369 1523
67.42 3589

, E. meningoseptica and E. brevis using GGDC

terium gleum Elizabethkingia meningoseptica Empedobacter brevis

19.7% 19.7%
22.6% 18.9%
19.9% 24.1%
100% 16.8%

100%
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ceftriaxone, amoxicillin/clavulanic acid, penicillin, imipenem,

gentamicin and doxycycline but resistant to nitrofurantoin,
vancomycin, trimethoprim–sulfamethoxazole and metronida-

zole. The G + C content of the genome is 35.9%. The 16S
rRNA and genome sequences are deposited in GenBank under

accession numbers HG931340 and CCMH00000000, respec-
tively. The type strain FF8T (= CSUR P860 = DSM 28259) was
isolated from the urine of a 65-year-old man with acute cystitis

at Hôpital Principal de Dakar, Senegal.
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