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The bacterial phylumBacteroidetes, characterized by a distinct gliding motility, occurs
in a broad variety of ecosystems, habitats, life styles, anghhysiologies. Accordingly,
taxonomic classi cation of the phylum, based on a limited nmber of features, proved
dif cult and controversial in the past, for example, when deisions were based on
unresolved phylogenetic trees of the 16S rRNA gene sequenceHere we use a large
collection of type-strain genomes fromBacteroidetes and closely related phyla for
assessing their taxonomy based on the principles of phylogeetic classi cation and
trees inferred from genome-scale data. No signi cant con ¢t between 16S rRNA gene
and whole-genome phylogenetic analysis is found, whereas amy but not all of the
involved taxa are supported as monophyletic groups, partiglarly in the genome-scale
trees. Phenotypic and phylogenomic features support the sgaration of Balneolaceae
as new phylum Balneolaeota from Rhodothermaeota and of Saprospiraceae as new
class Saprospiriafrom Chitinophagia Epilithonimonasis nested within the older genus
Chryseobacteriumand without signi cant phenotypic differences; thus mergig the two
genera is proposed. Similarly,Vitellibacteris proposed to be included in Aequorivita
Flexibacter is con rmed as being heterogeneous and dissected, yieldingsix distinct
genera.Hallella seregends a later heterotypic synonym oPrevotella dentalis Compared
to values directly calculated from genome sequences, the GC content mentioned in
many species descriptions is too imprecise; moreover, coacted GCC content values
have a signi cantly better t to the phylogeny. Corresponding emendations of species
descriptions are provided where necessary. Whereas most oleved con ict with the
current classi cation of Bacteroidetes is already visible in 16S rRNA gene trees, as
expected whole-genome phylogenies are much better resolve

Keywords: G CC content, genome BLAST distance phylogeny, gliding motility , gut

marine  microbiology, one thousand microbial genomes project, p hylogenetic
Bacteroidaeota-Rhodothermaeota-Balneolaeota-Chlorob aeota superphylum

microbiome,
classi cation,

INTRODUCTION

Bacteroidetesomprise bacteria widespread in the biosphere and isolated freany distinct
habitats, including temperate, tropical and polar ecosystéfgg et al., 2010; Thomas et al.,
2017. Bacteroidesire anaerobic and mostly found in the gastrointestinal traicanimals and
humans and, besidésrmicuteseven dominates the gut micro ora of mammalsr(ith et al., 2006;
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Ley et al., 2009; Thomas et al., 21SeveralCytophagiavere incertae sedisfrom the Bacteroidetess the novel phylum
cultured from marine habitats, where&ytophagawas found RhodothermaeotdNevertheless, many unsatisfactory aspects of
in soils andCyclobacteriaceda (hyper-)saline environments Bacteroideteslassi cation might still persist.
only (Krieg et al., 201)) Flavobacteriacedeve colonized many Indeed, only monophyletic taxa can be accepted in a
di erent ecosystems such as soils, sediment, freshwatakish  taxonomic classi cation because its purpose is to summarige th
water, and seawater in temperate, tropical, and polar ecangste phylogeny of the classi ed organismsl€nnig, 1965; Wiley and
(Bernardet, 2011 SomeFlavobacteriaceame even pathogenic Lieberman, 201)] and genome-scale data are more promising
for humans, other mammals, freshwater sh or marine sh.than single genes, or multi-locus sequence analysis restric
However, Blattabacteriaceaare endosymbiotic bacteria (e.g.,to a low number of genes, to identify monophyletic and non-
in termites and cockroaches), wherdas/omorphaceamostly monophyletic groups with high con dencek(enk and Goker,
live in cold, marine environmentsBowman et al., 2003 2010. The phenomenal increase in the number of publicly
The wide variety of habitats re ects the importance ofavailable whole-genome sequences further demands a genome
Bacteroidetei® biogeochemical processes. For instance, aquatibased classi cation system in today's genomic era.
terrestrial and gutBacteroidetesare well known for their The genomic @C content, i.e., the proportion of cytosines
functional specialization on the decomposition of peptidesand guanines among all nucleotides in the genome, is one of
and polysaccharidek{rchman, 2002; Bowman, 2006; Thomasthe most frequently used taxonomic markers in microbiology
et al.,, 2011; Fernandez-Gomez et al., 20This feature is (Mesbah et al., 1989; Rossell6-Mora and Amann, 2001
accompanied by a great number and diversity of carbohydratéd/ithin Bacteroidetesit is strongly recommended to include
active enzymesCantarel et al., 2009n Bacteroidetegenomes the GCC content especially when describing every species of
(Fernandez-Gomez et al., 201Bhe corresponding genes cluster Flavobacteriacea@ernardet et al., 2002The rapid progress
together with TonB-dependent transporters in polysaccharidein sequencing technology_u et al., 2012; Mavromatis et al.,
utilization loci (Martens et al., 2009; Sonnenburg et al.2019 allows not only for inferring genome-scale phylogenies
2010; Fernandez-Gomez et al., 201Genome sequences are (Klenk and Goker, 2010; Meier-Koltho et al., 20)4But also
expected to support investigating the evolutionary relatiops for replacing traditional methods that indirectly determirniee
of gut Bacteroideteand the diet of their hosts, facilitated by GCC content (Mesbah et al., 1989; Moreira et al., 2phy
lateral gene (carbohydrate-active enzymes) and geneeclustalculating it directly from highly accurate genome seqemn
(polysaccharide utilization loci) transfer between enmiteental  For this reason, literature claims that the variation of th€G
and gutBacteroidetg§ homas et al., 20)1 content within bacterial species is at most 3 mol%egbah
Bacteroideteare Gram-stain-negative, chemo-organotrophicet al., 198por even up to 5 mol%Rossell6-Mora and Amann,
rods that do not form endospores and are either non-motile2007) can be attributed to the imprecision of traditional methods
or motile by gliding {(Voese, 1987; Paster et al., 19Before (Meier-Koltho et al.,, 2014y On the other hand, within-
the phylum was calle@acteroidetef<rieg et al., 201)) it had  species variation is at most 1% when both species boundaries
been referred to a€ytophaga-Flavobacteria-Bacteroifiesster (Meier-Koltho et al., 2013pand GCC contents are determined
et al., 1994; Woese, 198The phylum comprises the classesfrom genome sequence$/¢ier-Koltho et al., 2014y These
Bacteroidia Cytophagia Flavobacteriia and Sphingobacteriia inconsistencies call for correcting species descriptionst th
(Krieg et al., 201)) Recently, the namdacteroidaeotavas include a conventionally determined@C content value that
proposed for this phylum by including the rank phylum in diers by more than 1% from the value calculated from the
the International Code of Nomenclature of Prokaryotésrén  genome sequence of the type strdifiefer-Koltho et al., 2014c;
et al., 201h AsCytophagaFlexibacterand Flavobacteriunihave  Riedel et al., 20)4 Apparently the same holds if a range of
many phenotypic characteristics in common, their di erent@t ~ GCC values was provided whose lower or upper bound deviates
used to be based on the presence or absence of gliding motiliby more than 1% from the directly calculatedC@& value,
(Bernardet et al., 1996However, gliding motility is a common but a species description should also be restricted if a range
feature of manyBacteroidetegenera [ficBride and Zhu, 2013  of GCC values was provided that, unrealistically, exceeds 1%.
Cytophagaand Flexibacterwere also delineated based on cellTaxa of higher rank should accordingly be emended if their
morphology, the @ C content as well as the habitats they wergpresumed range of GC values turns out to be in conict
isolated fromReichenbach (1989cThe anaerobiBacteroidia with the information from genome sequenceScheuner et al.,
used to be considered separate from the aerobic groups suchz%19.
Flavobacteriieand Cytophagiabut 16S rRNA gene sequencing The Genomic Encyclopedia &acteriaand Archaea(GEBA)
clari ed their interconnections Paster et al., 1985; Weisburg pilot phase as well as the One Thousand Microbial Genomes
et al., 1985; Woese, 198 Despite its usefulness in resolving phase 1 (KMG-1) projectsKfyrpides et al., 20)4are ideal
such taxonomic questions, the 16S rRNA gene contains onlyata sources for genome-scale taxonomic reasoning because
a limited number of characters and thus usually yields onlythese projects aimed at lling the genomic gaps in the
partially resolved phylogenies, i.e., trees with many sieaity bacterial and archaeal branches of the tree of lif&ker
unsupported branches<(enk and Goker, 2010; Breider et al.,and Klenk, 201B and included only type strains with a
2019. Recently,Munoz et al. (2016)revised the phylogeny certi ed origin from a culture collection and thus a veri &b
of Bacteroideteand removed thencertae sedisaxa from the history. Using theBacteroidetegenome sequences from these
Balneolagroup and Rhodothermacea@acteroidete®rder 1. projects, we here address the following questions: (i) What
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is the relationship between the phylogenomic trees and th&BDP tree with 95% support as backbone constraint. Finally,
proposed taxonomic classications or the 16S rRNA gend6S rRNA gene trees reduced to genome-sequenced strains were
phylogenies? (i) Which taxa need to be revised becauseferred.
they are evidently non-monophyletic? (iii) Which taxon  All trees were compared to the current classi cation used
descriptions that lack GC values should be augmentedin LTP version s123, which was cleaned from inconsistencies,
with information from genome sequences? (iv) Which taxonsuch as mismatches between species and genus names, and
descriptions deviate from GC content values calculated from subsequently modi ed manually in the case of taxonomic
genome sequences and should now be emended accordinggrfangements that could not be conrmed in the literature,
(v) Does the correction of GC values improve their t to the of validly published synonyms that were in better agreement
phylogeny? to the phylogenies, and of missing taxa such as the family
for SaccharicrinigYang et al., 2004 The full list of changes
is described in Supplementary File 2. Whether taxa were
MATERIALS AND METHODS monophyletic, paraphyletic or polyphyleti€drris, 1974; Wood,
1999 was determined using program code developed at DSMZ,
The Bacteroidetegingroup), Chlorobj Planctomycetesand  which reports, in the case of taxa appearing non-monophyletic in
Verrucomicrobia(outgroup) type-strain genomes originating a phylogeny, the highest support of all branches that con ichwit
from the GEBA pilot phase and the KMG-XK{rpides et al., the monophyly of that taxon as support against it (that can be
2019 project were downloaded from IMGMarkowitz et al., displayed as negative support). In a rooted tree, these congcti
2009 and augmented with additional type-strain genomes ofranches are the ones connected to subtrees that contaie som
taxonomic interest deposited in INSDC. The complete list idut not all representatives of the taxon, as well as represeesat
found in Supplementary Table 1. Genome-scale phylogenies other taxa.
were inferred from whole proteomes using the high-throughput = The (trivial) calculation of the GC content from genome
version (Meier-Koltho et al., 20143 of the Genome BLAST sequences was done as in a previous stiiyi€r-Koltho etal.,
Distance Phylogeny (GBDP) approachenz et al., 2005; Auch 20149 and by the GGDC server version 2.1. The changes in the
etal., 2006 BLASTC (v2.2.30) Camacho etal., 200Wasrunin  t between phylogeny and GC content data when switching
BLASTP mode with default parameters except foearalue Iter  from conventionally calculated values toC& counts from
of 10 8 (Meier-Koltho etal., 2014x The greedy-with-trimming genome sequences was assessed by calculating their MP score
algorithm, which conducts a correction for non-orthologohits, with TNT (Golobo et al., 200§ which allows for treating
was applied in conjunction with formulas, which relates the continuous characters as sucBdlobo et al., 200§ The data
(weighted) number of identities within BLAST hits (highestng ~ were rescaled to t in the range between 0 and 65 as necessary
segment pairs) to the overall length of these hits and thus ifor TNT and exported using the opm packagéés et al., 20)3
una ected by incomplete genome sequencing, and subjected for R (R Development Core Team, 20ispecies without a
100 pseudo-bootstrap replicatesli€ier-Koltho et al., 2013a, literature GCC value were deactivated. To address phylogenetic
20149. Phylogenetic trees were inferred from the originaluncertainty, the di erence was re-calculated for each pseudo
and pseudo-bootstrapped intergenomic distance matricesgusirbootstrap tree, and the resulting set of di erences testedtfo
FastME [(efort et al., 2015 and tree and support values dierence from zero using d-test and Wilcoxon signed rank
visualized using ITOLl(etunic and Bork, 2011 Where species test as implemented in R. Because son®JZontents are given
a liations had to be clari ed, digital DNA:DNA hybridizaton  as ranges in the literature, we alternatively assessedmaijni
was conducted with the recommended settings of the Genomeaverages and maxima of the ranges, combined with the single
To-Genome Distance Calculator (GGDC) version 2Me{er- GCC values from the other sources. For each species, only the
Koltho etal., 20133 most recent emendation that included aC& content value
Comprehensive, aligned, near full-length 16S rRNA genwas considered. Visualization was done with ggplot2ckham,
data forBacteroideteand the outgroup phyla were taken from 2009. We further investigated the e ect of incomplete genome
version s123 of the All-Species Living Tree Project (LTR){a sequencing on the calculation ofG& content values using the
et al., 2008 Sequences of species of interest missing from LTBimulation techniques from our earlier studgch et al., 201))
s123 (see Supplementary File 2) were added to the alignmethetails are provided in Supplementary File 3.
using POA (ee et al.,, 2002 Trees were inferred from the
alignment with RAXML Gtamatakis, 20)4inder the maximum- RESULTS
likelihood (ML) criterion in conjunction with the GTR-CAT
model, fast bootstrapping, bootstoppingditengale et al., 2000 GCC Content and Phylogeny
and subsequent search for the best tree, and with TNGI¢bo Figure 1A shows the relationship between conventionally
etal., 200Bunder the maximum-parsimony criterion (MP); here, determined G C content values and those calculated from the
new-technology search for the best tree was conducted &asvel genome sequences; Supplementary Table 1 contains all edllect
1000 bootstrapping replicates in conjunction with tree-bisee ~ data. A total of 161 species descriptions could be con rmed
and-reconnection branch swapping and one random sequencegarding the @C content, for 45 it was obvious that they
addition replicate per bootstrap replicate. Further ML and MPshould be restricted because the provide@ G content range
trees were inferred in the same way but using the branchdseof t was unrealistically broad, 119 deviated by more than 1% ffen
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FIGURE 1 | Relationship between G CC content values from species descriptions and those calcula ted from the genome sequences. (A) scatter plot
showing the relationship between @ C content values calculated from the genome sequences and thse found in the respective last revision in the literaturenostly
calculated traditionally. The gray band indicates the boutary of 1% deviation, green color (when ranges were providgdand circles indicate values within that range,
red color and triangles indicate values outside that ranggB) box plots showing the MP scores calculated with TNT from theescaled GCC content values of distinct
origin (pub, published; min, avg and max refer to whether théower, average or upper value was used when a range was giveir) conjunction with the 100
pseudo-bootstrapped GBDP trees. The values calculated frm the genome sequences yield a signi cantly lower MP score (aththus a signi cantly better t to the
tree) than the ones from the respective last emendation in ¢hliterature.

genome sequence, and 24 lacked@G3content range or value the phylogenomic tree and the classi cation were observed,
altogether. The MP scores of the conventionally determineavhich we report herein in decreasing order of taxonomic rank
and genome-sequence base@G contents are shown in the involved, along with according suggestions for reclassicres.
Figure 1B As con rmed by all tests conductea (< 0.001), it
was obvious that the correctedG& content values display a Phyla, Classes, and Orders
signi cantly better ttothe phylogeny thanthe originaloseand All phyla appeared as monophyletic in the GBDP tree
that this progress can be detected even though a large numbg¥igure 2). Given their separation fromBacteroidetesthe
of the GCC content values needed no correction. The result®8alneolia and Rhodothermiacould be assigned to a single
are in agreement with the simulations to assess the a ect gshylum, Rhodothermaeot@Vunoz et al., 2016 However, the
incomplete genome sequencing on the calculation of tl&0G 16S rRNA gene alone provides no support for their sister-
content, which showed that the expected deviation from tha re group relationship (albeit no signi cant conict), and the
value is signi cantly below 0.1% for the given sequencingliyy  two groups strongly dier in their genomic GC content
(Supplementary File 3). (Figure 2), as previously notedlUios et al., 2006 none of
The underlying GDBP tree is shown Figures 24 together the remaining phyla show a comparable discrepancy G5
with branch support values, taxonomic annotations and germmivalues. Exactly the same reasons argue against an inchfstos
GCC content indicators.Figure 5 compares the positive or two groups in the phyluntChlorobi(Figure 2). Moreover, there
negative support values for each taxon implicit in the GBDPare considerable phenotypic and habitat di erences between
(average support over all branches, 92.00%), 16S rRNA geile Balneoliaand Rhodothermia(Table 1). The Balneoliaare
ML (69.47%), and 16S rRNA gene MP (67.25%) trees. Thmesophilic, whereaRhodothermiaare mostly either strongly
whole-genome tree supports more taxa than the 16S rRNA gertieermophilic (Alfredsson et al., 19§&r extremely halophilic
but also yields conict in few cases where the 16S rRNA gen@\nton et al., 200 Carotenoids were only reported from
phylogeny is inconclusive, whereas several taxa are syrondgRhodothermigMakhdoumi-Kakhki et al., 20)2but not from
supported as non-monophyletic by all approaches. Howevethe BalneoliaFor these reasons, tBalneolisand Rhodothermia
in contrast to the classi cation, no well-supportedaylor and  should not only be removed frofBacteroidetdsut also classi ed
Piel, 2003 discrepancies between the GBDP tree and the 168 two separate phylaRhodothermaeotéMunoz et al., 2016
rRNA gene trees were detected, as evident from the empty uppand Balneolaeotathis study), based on the priority of the
left and lower right corners inFigure 5. The unconstrained respective genus names. A comparable situation has been
comprehensive 16S rRNA gene ML and MP trees (UCT) asolved recently for thdgnavibacteriaceaélino et al., 201)
well as the backbone-constrained ones (CCT) are included iand Melioribacteracea¢Podosokorskaya et al., 2Q013These
Supplementary File 4. Whereas the majority of taxa appeardgdxa have been separated from tGalorobias a new phylum
monophyletic in our analyses, a couple of discrepancies batwe&navibacteria(Podosokorskaya et al., 2Q1Based on their
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FIGURE 3 | Second part of the phylogenomic tree inferred with GB DP. Tree inferred with FastME from GBDP distances calculateddm whole proteomes. The
numbers above branches are GBDP pseudo-bootstrap support &lues from 100 replications. Tip colors indicate the phylurrcolors to the right of the ingroup tips
indicate, from left to right, class, order and family (see thlegend embedded inFigure 2 for details). Gray scale on the very right indicates the exa6GCC content as
calculated from the genome sequences. The norBacteroidiaparts of the tree, which have been collapsed here, are showmiFigures 2, 4.
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FIGURE 4 | Third part of the phylogenomic tree inferred with GBD P. Tree inferred with FastME from GBDP distances calculateddm whole proteomes. The
numbers above branches are GBDP pseudo-bootstrap support &lues from 100 replications. Tip colors indicate the phyluprcolors to the right of the ingroup tips
indicate, from left to right, class, order and family (see thlegend embedded inFigure 2 for details). Gray scale on the very right indicates the exa6GCC content as
calculated from the genome sequences. The norflavobacteriiaparts of the tree, which have been collapsed here, are showmiFigures 2, 3.
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FIGURE 5 | Comparison of branch support. ~ Shown are the negative or positive branch support values fagach taxon inferred from whole genomes with GBDP in
comparison to those inferred from 16S rRNA gene sequences Wi ML (A) and MP (B). The colors indicate the taxonomic rank. The upper right carer contains the
taxa signi cantly supported by all methods, the lower left coner those signi cantly opposed by all methods. The other twocorners, which would indicate a signi cant
con ict between the methods, are empty. Jitter was used to avad overplotting.

physiological distinction and their large phylogenetic dist@ato of Haliscomenobacter, Phaeodactylibactand Lewinella
Chlorobi (SaprospiracepeThree branches with weak to moderate (79,
The Balneolaeot§Viunoz et al., 2016and Rhodothermaeota 92, and 66%) support, respectively, would need to be wrong to
(as suggested here) dier fromBacteroidetesby a obtain monophyleticChitinophagiaand ChitinophagalesThe
considerable number of phenotypic characters. The larggdCT and CCT show a distinct picture with a monophyletic
amount of phospholipids [diphosphatidylglycerol (DPG), Chitinophagia and Chitinophagalesth 94—99% support under
phosphatidylethanolamine (PE), phosphatidylglycerol (PGML and <60-79% support under MP. Thus, regarding the
and phosphatidylcholine (PC)] found irRhodothermugand  monophyly criterion, it might or might not be adequate to place
its relatives) is unusual for aerobiBacteroidetesNolan  Saprospiraceam Chitinophagalesaccording to our analyses.
et al., 200p Polar lipids of Bacteroidesomprise largely PE The monophyly of the family itself, including the type genus
and small amounts of PG and phosphatidylserin&afdle  Saprospirais supported by the 16S rRNA gene trees with
et al., 1995 whereas polar lipids of the phylurBacteroidetes 95-100%. Thus, given its uncertain position relative to the
usually comprise signi cant amounts of amide-linked lipids remaining Chitinophagiaand Chitinophagalesthe taxonomic
(aminolipids) rather than ester-linked polar lipid8érnardet, placement oSaprospiraceatould be reconsidered.
2010. The most signi cant di erence between tHgalneolaeota The family Saprospiraceadas been proposed rst in
and Rhodothermaeotan the one hand an@acteroidetesn the  Bergey's manualQarrity and Holt, 200} and was suggested
other hand can be attributed to the composition of fatty acidsto represent a sister lineage, without con rmatory evidence
Characteristic fatty acids oBacteroidetesre 2-hydroxy and to the family Sphingobacteriacea®aprospiraceawas later on
3-hydroxy fatty acids, predominantly iso1&o 3-OH, iso-Gso  placed inChitinophagalesut without relevant branch support
3-OH and iso-Ggo 3-OH (Mayberry, 1980; Krieg et al., 2010 (Munoz et al., 2016 In contrast to bothSphingobacteriaceae
whereas strains of thealneolaeotand Rhodothermaeoto not  and ChitinophagaceaeSaprospiraceaare long rods (up to 5
possess 2-hydroxy and 3-hydroxy fatty acidialfle 7). Flagella mm) that form long laments (up to 500mm) and do not
in conjunction with motility were observed iBalneola vulgaris possess sphingophospholipids. Moreover, the 16S rRNA gene
(Urios et al., 200pand Salinibacter rubefAnton et al., 200pbut  trees indicate that the group comprising bo®aprospiraceae
are unusual irBacteroidetegonversely, neither gliding motility and Chitinophagaceadwhich is not even monophyletic in
nor exirubin, a pigment common inBacteroidetefrieg et al., Figure 2 is quite divergent. Based on these results, we
2010, were reported for th8alneolaeotand Rhodothermaeota propose to classify the familBaprospiraceaeto the new
We suggest according emendations of taxon descriptions. order Saprospiralesof the new classSaprospiria Moreover,
With the Balneolaeotaand Rhodothermaeotaremoved some noticeable phenotypical characteristics in agreeméht w
from Bacteroidetesthe classes and orders d&acteroidetes the branching order Figure 2, Supplementary File 4) call
appeared as monophyletic in the GBDP phylogeRiggre 2)  for a split of the family Saprospiraceaeto three families
with the sole exception o€hitinophagiaand Chitinophagales (Saprospiraceae, Lewinellaceaad Haliscomenobacteracg¢ae
which were shown as paraphyletic due to the early branchingewinella Saprospirand Aureispiraexhibit gliding motility, but
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only SaprospirandAureispiraform helical laments Krieg et al.,
2012. In contrast,Haliscomenobacter, Phaeodactylibaaad
Portibacterare non-motile straight laments.

A noticeable feature of the current classication of
Bacteroidetess that each class contains only a single order
and thus the classi cation into orders provides no additibna
information. As this is not an issue of non-monophyly, we
suggest addressing it once an even more comprehensive
genome-scale phylogeny might help making more sense from
these Linnaean ranks.

is0-G5.0, C18:1 &7¢, summed feature 3

(C16:1 &7c and/or iso-Cq5.g 2-OH)
is0-G 5.0, summed feature 3 (Gg:1

Major fatty acids
&6¢ and/or C1g.1 &7¢)

Families

The recently revised Munoz et al., 2016 Rhodothermales
families appeared as monophyletiEigure 2) but turned out
to di er signi cantly by some key physiological charactercsti
Rhodothermus(Rhodothermacepeolerates up to 6% NaCl
and 70C (Tablel). In contrast, Salinibacterand Salisaeta
(Salinibacteraceaéhrive in salt lakes and crystallizer ponds and
grow at maximum temperatures of 50 in medium with at least
5% NaCl and up to saturatioriT@ble 1). Additionally, the polar
lipids of Rhodothermusomprise mainly DPG and PE whereas
Salinibacter, Salinivenuand Salisaetaadditionally contain PC,
glycolipids and halocapnines, whiRubricoccuand Rubrivirga
(Rubricoccacepecontain PG, but no glycolipids Table 1).
Rhodothermusmainly displays saturated fatty acids, whereas
Salinibacter, Salinivenusand Salisaetacontain unsaturated
and GCg fatty acids Table ). We thus suggest according
emendations.

The families within Sphingobacteriales appeared
monophyletic throughout with maximum support in the
GBDP tree Figure 2). Within Cytophagaleshe situation seems
more complexCytophagaceagere not shown as monophyletic,
since strong conicting support was present regarding the
positioning of Flexibacterand Microscilla which are currently
placed in that family {lakagawa, 201)tbut here Flexibacter
appeared problematiser seand thus is discussed below in more
detail.

Flexithrix is placed apart from the remaining
Flammeovirgacegdlarivirga, Roseivirgawith 99% support in
the GBDP analysid-lexithrix and Rapidithrixformed a clade
with reasonable bootstrap support (alway90%) in the UCT
and CCT.Marivirga and Roseivirgalid not form a clade either,
with a con icting branch supported by 94% in the GBDP tree.
Because of their overall lower resolution, the 16S rRNA gene
trees do not indicate in which of these three distinct groups of
Flammeovirgacedts type genusfFlammeovirgais placed. For
this reason, further revisions dflammeovirgaceaeave to be
postponed until more genome sequences are available. Based on
phylogenetic resultsNakagawa et al., 20pand a polyphasic
approach (edashkovskaya et al., 20),Lthe genusMarivirga
was proposed to comprise dfl. sericeaand M. tractuosa
(Nedashkovskaya et al., 20lCHowever, the physiological
di erentiation in that study only includedFlammeovirgaceae
genera FabibacterFulvivirgg Marinoscillum Reichenbachiella,
Roseivirga and Thermonema lapsurfFlammeovirgacepavas
used as an outgroup for the 16S rRNA gene sequence-based
phylogeny. A similar set of strains was investigated in the

PL, AL, GL, SL
PL, AL, GL, SL

Polar lipid
types

DPG, PEE, 3GL, SL

(halocapnine)
DPG, PC, PBL, 2SL

Major polar lipids
(halocapnine)

NaCl (w/v)
23 (15-30)
10-12 (5-20)

Growth
temperature

37-47 (52)

37-46 (50)

Colony
color
R
Red

Carotenoids
Carotenoids

Pigments

Motility
Flagella
None

GCC

content
66.5
62.9
All data are from the original descriptionsAlfredsson et al., 1988; Antdn et al., 2002; Choi et al., 2009; Vaisman and Oren, 2009; Maitesson et al., 2010; Park et al., 2011, 2013; Urios et al., 2006, 2008; Makhdoumi-Kakhki et al.,

2012; Wang et al., 2012, 2013a,b; Cho et al., 2013 except for the polar lipids of Salinibacter rubeiCorcelli et al., 2009 and Salisaeta longaBaronio et al., 2010). Question marks indicate missing information. Values in parenthesare

maxima; those before parentheses are the optimal values or ranges. Théhbreviations of the polar lipids are: AL, unidenti ed aminolipid; GL, unidengid glycolipid; L, unidenti ed polar lipid; PL, unidenti ed phospholipid; SL, widenti ed

sulfonolipid.

TABLE 1 | Continued
Salinibacter ruber
Salisaeta longa

Species
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description of the two otheMarivirga speciesM. lumbricoides with other genera, to the exclusion Bf eleganswvhich formed
(Xu et al., 201pand M. atlantica(Lin C.-Y. et al., 2015 Thus, the sister group oMicroscilla marinawith maximum support
the strain samplings in those earlier studies did not allow fo (Figure 2. A paraphyletic Flexibacteralso occurred in the
detecting a closer aliation ofMarivirga to another family, UCT and CCT, with strong support against its monophyly, as
which might explain the con icting result obtained here. F. eleganwas also highly supported as sister groupiigroscilla
Within Bacteroidia  Porphyromonadaceae appeared marina F. ruberformed the sister group of that clade without
paraphyletic with maximum support against their monophyly signi cant support, wheread-lexibacter exilisSoriano 1945,
in the GBDP analysigHgure 3), as all other genera were placedthe type species of the genusakagawa, 201)cwas indeed
in clades distinct from the one harboring?orphyromonas placed within theCytophagaceasvith Arcicella, Flectobacillus,
According to the GBDP phylogeny, three families should bend Pseudarcicellas most closely related genera, without much
separated fromPorphyromonadaceaeach corresponding to a support. Flexibacter litoralisF. polymorphusand F. roseolus
maximally support clade. A revision of the family is currentlyformed a clade with reasonable bootstrap suppar®Q% in the
already conducted (Hugenholtz, pers. comm.), hence n€CT), which was placed in an uncertain position. Apart from
taxonomic consequences will be undertaken in our study. tree topology, the branch lengths in the whole-genome and 16S
The recent removal ofButyricimonas and Odoribacter rRNA gene tree indicated that thElexibacterspecies are too
from Porphyromonadacea® place them in the new family divergentto be placed in a single genus. AdditionaWigroscilla
Odoribacteracea¢Munoz et al., 2016 also requires some marinaandF. eleganappear to be too divergent to be placed in
attention. The features of the genera that used to be indudea single genusHigure 2).
in Porphyromonadacedeave been reviewed in 2009gkamoto Since its description, eleven of 17 originally supposed
et al., 200Q the statements below also extend to the mord-lexibacterspecies were reclassi ed into a variety of genera
recently added gener&alsiporphyromonagWagener et al., (Chitinophaga, Flavobacterium, MarivirgaSolitalea, and
2019, Macellibacteroideglabari et al., 20)2and Petrimonas Tenacibaculurj but it was emphasized th&lexibacteris still
(Grabowski et al., 2005 (An issue withFalsiporphyromonas heterogeneous and should be subdivided based on additional
and Macellibacteroideghat is beyond the scope of the molecular taxonomic dataNakagawa, 201).drurthermore, this
current study is that these genera are nested with stronguthor mentioned that the type speciddgecibacter exilisis
support withinPorphyromonaandParabacteroidesespectively; isolated from all other species of the genus and flakibacter
see Supplementary File 4Butyricimonasand Odoribacter should be restricted to it. The current sole distinction beém
(Hardham et al., 2008di er from each other, but not clearly the de nitions of Microscillaand Flexibacteris their habitat
from the other genera, by their major metabolic end products(marine vs. terrestrial)eichenbach, 198pavheread-. elegans
however, this feature does not unambiguously dierentiateshowed the same morphology and physiologyMs marina
between the other genera eith&utyricimonasand Odoribacter in previous studies Liewin, 196%, F. roseoludi ered from
di er from all other genera excef®orphyromonaby containing M. marinaregarding its pigmentation an#. ruberby its ability
iso-Ci50 as major fatty acid, with a low ratio of anteiso- to digest starchE. exilis di ers from M. marinaandF. elegans
Cis0 to iso-CGso. Butyricimonasand Odoribacterdi er from regarding cell length and % production, whereas the other
Falsiporphyromonaand Porphyromona®y their fermentative species di er fromF. exilis regarding pigmentation, cell length
metabolism Gakamoto et al., 20p@nd partially by their lack and in the case oF. roseoluslso HS production. Thus, the
of pigments {agai et al., 2000 To re ect this distribution Flexibacterspecies are approximately equidistant from each
of phenotypic features, we propose to emend the familpther regarding morphology and physiology. This also holds for

Odoribacteraceacordingly. Flexibacter litoraliandF. polymorphusvhereas they form sister
groups with high support, their level of divergence is higher
Genera than between many other pairs of genera, as obvious from the

Six genera were found to be non-monophyletic in thebranch lengths in the treesigures 2 3; Supplementary File 4),
phylogenomic analysis. Pedobacter (Sphingobacteriacgae and their morphology and physiology also di ersgwin, 1969,
appeared paraphyletic becausPseudopedobacter saltans1974. Thus, based on phylogenetic position (Supplementary
was placed as sister group dfedobacter glucosidilyticusFile 4) and phenotype, we propose to classiy elegans
with 100% support andPedobacter oryzaas sister group of F. litoralis F. polymorphusF. roseolusand F. ruberinto the
Arcticibacter svalbardensend Mucilaginibacter paludivith  new generaEisenibacterBernardetia Garritya, Hugenholtzia,
<50% support Figure 2). The UCT and CCT also showed and Thermo exibacter respectively. Further, we propose the
Pedobactedistributed over several clades but without signi cantnew family Microscillaceago accomodateBernardetia and
support against its monophyly. Due to the size of the gener&isenibacteras well as the new familBernardetiaceago
Mucilaginibacterand Pedobactemwe suggest sampling more accommodateBernardetia Hugenholtziaand tentatively also
genomes from these groups prior to drawing taxonomicGarritya.
conclusions. Within PrevotellaceaéPrevotella(Shah and Collins, 1990;
Flexibacter (Cytophagacepeappeared paraphyletic with Willems and Collins, 1995a; Sakamoto and Ohkuma, 2012
high con dence in the phylogenomic tree because the cladappeared paraphyletic becaubtallella seregengvioore and
comprising F. litoralis and F. roseolus(separated by long Moore, 199% was included within, placed as sister group of
branches) occurred in clades with 77 and 99% support togethé&. dentaliswith strong support Figure 3). This problem was
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also obvious in 16S rRNA gene data and was indeed notedl erence in fatty-acid pro les appeared to be the presence of iso
two decades ago/(illems and Collins, 1999aThese authors Cig0 3-OH, which was not explicitly mentioned for the genus
refrained from taxonomic consequences, however, becdese t ChryseobacteriurtMontero-Calasanz et al., 2014However, it
observed a 16S rRNA gene similarity of 99.8% between the typas reported for a variety d€hryseobacteriurapecies Hiugo
strains of H. seregenand P. dentalis hence it could not be et al., 2003; Kampfer et al., 2003, 2011, Li et al., 2003; Kaf, et
excluded that the two species are heterotypic synonwtesgr-  2005; Shen et al., 2005; Young et al., 2005; Park et al., 2006;
Koltho et al., 2013p. Furthermore, the @C values calculated Behrendtetal., 2007, 2008; Hantsis-Zacharov and Halpe@7,;20
from the genomes oH. seregenand P. dentalisare almost Quan et al., 2007; Vaneechoutte et al., 2007; Szoboszlay et al
identical, with 56.0 and 55.9%, respectively, even though thiZ08; llardi et al., 2009; Benmalek et al., 2010; Pires, @04I0;
is not currently re ected in the species descriptions. Digita Wu et al., 201Bin concentrations up to 9% and thus does not
DNA:DNA hybridization between the genome sequences ofonstitute a real di erence either. Additionally, anteisasg as
H. seregemTCC 51272 andP. dentaliDSM 3688 conducted reported forEpilithonimonass not mentioned in the description
with the recommended settings of the GGDC yielded 87.40 of Chryseobacteriutvut known to occur in the genus from traces
2.36% DDH similarity and thus indicated identical speciegre to up to 8.2% lontero-Calasanz et al., 20/L4The polar-lipid
identical subspecie$/eier-Koltho et al., 2014). We conclude patterns ofEpilithonimonasalso t very well to that revision of
thatH. seregeris a later heterotypic synonym &% dentalis ChryseobacteriuifTable 2); the sole exception 5. psychrophila
Within  Flavobacteriaceae Chryseobacterium appeared for which only phosphatidylethanolamine and a single unknown
paraphyletic becausgpilithonimonas tenaxvas clearly nested lipid were reported; given its well-supported position within
within a well-supported branch of 2Chryseobacteriurspecies a core group of fourEpilithonimonasspecies and the general
(Figure 4). Whereas support was maximal in the phylogenomidaintness of the published thin-layer chromatograme( et al.,
analysis, the UCT and CCT showdspilithonimonasnested 2019, this can hardly be regarded as an argument against
within a paraphyleticChryseobacteriuntoo, but without any the uni cation of the genera. Moreover, the two genera have
branch support. In the original description dpilithonimonas overlapping habitats and other interesting features in common
(O'Sullivan etal., 200®nly 75% bootstrap support was obtainedsuch as the production of indole-3-acetic acid for promoting
for the separation oEpilithonimonasfrom Chryseobacterium plant growth (Montero-Calasanz et al., 2014; Hoang et al.,
based on a simplistic evolutionary modétg|senstein, 2004 2015. Thus, the three physiological features that con ict begwe
The most recent description of aBpilithonimonasspecies@Ge the original description ofChryseobacteriurfvandamme et al.,
et al., 201} still based on that model, showed moderate suppori994 and some or all of thé&pilithonimonasspecies rather call
for Epilithonimonagmonophyly but none forChryseobacterium for an emendation o€hryseobacterium
monophyly; hence 16S rRNA gene analyses did not rule out Muricauda (Flavobacteriacep@ppeared paraphyletic in the
that Epilithonimonasis nested within Chryseobacteriumas phylogenomic tree becauseroceitalea dokdonensiss placed
revealed by phylogenomic analysis. As evident frieigure 4,  as sister group oM. lutaonensis Support was weak<(60%),
retainingEpilithonimonady including certairChryseobacterium however, and in the UCT and CCCTroceitaleaand Muricauda
species would require the establishment of a third genus for appear as separate groups with moderate support. Thus,
least the upper branch including sihryseobacterium specieseven though in the description of the moderate thermophile
(C. koreense, C. antarcticu@. solincolaC. palustreC. jeonij M. lutaonensthe genusCroceitaleavas not consideredAfun
C. bovi} to obtain monophyletic groups. The solution to et al., 200} our analyses do not indicate a need to revise the
merge the two genera is thus more conservative. Moreover, tteassi cation of the two genera.
overall divergence of the clade comprising the two genera is Aequorivita(Flavobacteriacepalso appeared paraphyletic in
lower than the divergence of other clades comprising only #he phylogenomic tree because twitellibacter species were
single genusKigures 24). Chryseobacteriurhas priority over placed as sister group dequorivita sublithincolavith 94%
Epilithonimonas(Vandamme et al., 1994 Chryseobacterium support. In the UCT and CCT the clade comprising both
was recently emended because some summed features of MI@knera is maximally supported, but within the clade the two
system fatty-acids proles appeared to have frequently beegenera are intermixed without much support. The genomic
misinterpreted in the literature, and a speci ¢ pattern of polardivergence of the clade comprising both genera appears as
lipids remained mostly unnoticedMontero-Calasanz et al., lower than the divergences of many clades that contain only
2019. In detail, iso-Gsp 2-OH is present inChryseobacterium a single genusHigure 3. When the genusvitellibacter was
as part of summed feature 3 or 4 instead at€&7t, Cig1 &6¢  introduced (Nedashkovskaya et al., 2008/pe strains from the
and Gg1&7c; iso-G71 &7c is present instead of isoréy &9c;  previously suggested genAgquorivita(Bowman and Nichols,
and the major polar lipids contain three common unknown 2002 were not considered. The phenotypic features reported in
lipids and two common unknown aminolipids. the literature Bowman and Nichols, 2002; Nedashkovskaya et al.,
Thus, the question arises whether the reported di erenceg003; Bowman, 2006; Park et al., 2009, 2014; Kim et al., 2010;
regarding the lipid proles betweenEpilithonimonasand etal., 2013; Lin S. Y. et al., 2015; Rajasabapathy et al),f@015
the description of Chryseobacteriuntan be traced back to the species of two genera considerably overlap. The only stable
misidenti ed fatty acids or were real di erence$able 2shows di erence is whether the cells are oxidase-positive or negativ
the potentially con icting phenotypic features. The only realbut this alone can hardly justify two separate genera. For this
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TABLE 2 | Comparison of relevant phenotypic features between Epilithonimonas  species and the description of ~ Chryseobacterium .

Feature Maybe provided as Chryseobacterium E. tenax E. lactis E. ginsengisoli E. xixi  soli
is0-C15:0 Major (20) 23.7 17.9 29.6
is0-C15.9 2-OH summed feature 3 Major (21.1%) 26.7* 33.1*% 23*
is0-Cy7.0 3-OH Major 9.8) 10 10 (4.6)
is0-C17:1&7¢C is0-C17:1&9¢ Major (1.0%) (1.1*) (0.0) <(1.0*)
anteiso-Cis.o Traces/major (14.5) (8.2) (9.3) 12.9
is0-C14:09 3-OH Missing/traces (1.9) (1.5) (1.4) 2.7)
Phosphatidylethanolamine Major ? ? Present Major
Unknown lipids Three major ? ? Oneto ve Four major, ve in total
Unknown aminolipids Two major ? ? three to six Three major
Growth at 30 C Yes Yes Yes Yes Yes
Oxidation of glycerol Yes No No ? No
Oxidation of trehalose Yes Yes Yes ? No

The table includes all features potentially regarded as differing betweé¢he description of Chryseobacterium and the Epilithonimonas species. A sirgbtar indicates slightly misinterpreted
summed features according to the corrected description of Chryseobactéum (Viontero-Calasanz et al., 2014; two stars indicate more strongly misinterpreted summed features.
Values in parentheses are those not included in the respective speaealescriptions (O'Sullivan et al., 2006; Shakéd et al., 2010; Feng et al., 2014; Ge et al., 2015; Hoang et., 2015).
Physiological data for Chryseobacterium are from its original desiption (Vandamme et al., 1994. Question marks indicate missing information.

reason, we propose to platéellibacterin Aequorivitaand to  particularly Rhodothermaeota and Balneolagokat also of

emend the description dhequorivitaaccordingly. other groups reclassied here, it is likely that ecological
studies using metagenomic binning or similar techniquefi wi
DISCUSSION benet from the further improved classi cation. Studies that

do not distinguish betweeRhodothermaeot®8alneolaeotaand

Our phylogenetic analysis revealed much agreement betwe8acteroidetemay insu ciently describe microbial compositions
genome-scale data and the current classi catioBatteroidetes of environmental habitats and perhaps make misleading
particularly due to the most recent revisiokl(inoz et al., 2015  assumptions on environmental condition$siamis et al., 2008;
but also a number of instances which still call for reclasations Baati et al., 2010; C nar and Mutlu, 201& more profound
or emendations of taxon descriptions. Prokaryotic taxonomye ect of the proposed reclassi cations might be on a potentially
is not “written by taxonomists for taxonomists’Cpwan, misleading proposal of an origin for horizontal-gene-tragrsf
1971 but directly in uences all microbiological disciplines. (Nelson-Sathi et al., 20).9n contrast, the CARD-FISH probes
In microbial ecology, the name of a given taxon gets linkedCF968 fcinas et al., 20)5and CFB319lanz et al., 1996will
to observed characteristics of its described represeemativnothybridize with 16S rRNA gene sequenceRbbdothermaeota
and, further, to its inferred function in the environment. and the Balneolaeotgboth probes have two mismatches), and
For example, in theBacteroidete€hlorobi “superphylum; thus environmental studies using this probe are not in uenced
Chlorobi (Garrity and Holt, 200), now Chlorobaeota(Oren by the mentioned reclassi cations.
et al.,, 201} are known as the obligate anaerobic green Our analysis has shown that a large proportion o€G
sulfur bacteria, whereaBacteroidetesnow Bacteroidaeota content values inBacteroidetespecies descriptions needs to
(Oren et al., 2015 are known as polymer-decomposing be corrected. The according emendations proposed below are
microorganisms in the environment and the intestinal tractnumerous but by no means excessive. Indeed, we do not propose
(Thomas et al., 20)1 Currently Halomonadaceaesome to correct all GCC content values whose precision or accuracy
Bacteroidete¢Rhodothermacea&alinibactey and Chlostridia could be improved but only those that are too imprecise or
are considered as halotolerant or halophilBacteria (Oren, inaccurate given that the within-species deviation IrCG
2002, 2008; Bakermans, 2)1The reclassications of the contentisatmost1%\(eier-Koltho etal., 2014} GCC content
Rhodothermiaand the Balneoliainto separated phyla suggest values provided in species descriptions that deviate more than
that someBacteroidetesemain thermotolerant (e.gSchleiferia 1% from the value calculated from the genome sequence, or
and Thermonema growth at 30-60C) or halotolerant [e.g., display a range of more than 1%, obscure species a liations and
Anaerophaga Fabibacter, and Dyadobacter growth at 1— should be correctedjedel et al., 20)4Emendations of higher
12% NaCl (w/v)] Krieg et al., 201)) but not thermophilic taxa regarding their GC content have also been conducted
(Rhodothermysgrowth at 50-70C) or halophilic [Salinibacter (Scheuner etal., 20)lBut we abstain from accordingly rede ning
growth at 15-30% NaCl (w/v)]. Bacteroidetegenera here because we opine that more type-strain

In other areas such as medicine and industry, the risigenome sequences per genus would be needed. Moreover, the
classi cation of a prokaryotic species to cause infectiousmendation ofFlavobacterium suncheonerises recently been
diseases is based on its taxonomic classi catiaBAS, 2015; conducted Panschin et al., 20}@&nd needs not be considered
ABSA, 201}k Given the peculiar ecological preferences ofere. For the emendations conducted below we round &liGG
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content values to a single decimal place to accommodate faomprehensible sampled single-gene data with informatiomfro

incompletely sequenced genomes (see Supplementary File 3 &ralyses of more genes but fewer organismsét al., 201k

details). The high resolution provided by whole-genome phylogenies
Whereas conict with the monophyly of several taxa wasand the apparent lack of conicts with data from other

obvious in our genome-scale analysis, cases where a taxeources renders genome-based approaches quite promising

was strongly supported in the proteome tree and stronglyfor shaping the future of Bacteroidetestaxonomy. This

in conict with the 16S rRNA gene, or vice versa, wereholds even though the present study led to a number of

not observed Figure ). This is crucial since the promise of changes in taxonomic opinion, listed below in the order

phylogenomics is to yield more strongly resolved trees (Wwhicof decreasing Linnaean ranks and with proposed names

fully succeeded in this study), but this might in theory also rst, followed by the emendations. We additionally propose

increase the topological conict between analyses based do rephrase the Bacteroidetes-Chlorobsuperphylum” to

distinct large sets of characters or distinct phylogenetithoés  “Bacteroidaeota-Rhodothermaeota-Balneolaeota-Chleoth

(Jeroy et al.,, 2006; Klenk and Goker, 2Q1@or instance, (BRBC) superphylum,” considering the recent proposal to

horizontal gene transfer is known as a cause of topologicahclude the phylum rank in taxonomyQren et al., 201f and

conict between analyses of single genes and has even beewnsidering the new phyl&hodothermaeotand Balneolaeota

be used to argue against hierarchical classi cati@afieste as part of the former Bacteroidetes-Chlorolsiuperphylum”

and Boucher, 2009; Klenk and Goker, 21However, adding (Figure 2.

more genes, up to virtually all genes available in a genome .

increases support in phylogenomic analysése{der et al., Taxonomic Consequences

2019, indicating that there is a strong hierarchical signal. InDescription of Balneolaeota, phyl. nov.

contrast, selection of few genes (or any number of characteBal.ne.o.lae.o'ta (N.L. fem. Balneola type genus of the type

not on the same order of magnitude as the overall numbeprder of the phylum, aeotaending to denote phylum; N.L. neut.

of genomic characters) can hardly be called genome-scale afl. n.Balneolaeeotahe phylum of the clasBalneolig.

also depends on assumptions about the relative suitability of The description is the same as for the clBatneolia

genes for the analysid.ienau and DeSalle, 2009; Klenk and  This phylum is described on the basis of 16S rRNA gene and

Goker, 201} Whole-genome methods such as GBDP avoidvhole-genome phylogenetic analysis. The type (and currently

this issue and have the potential to yield a truly genomesole) order of the phylum i8alneolalesThe phylum currently

based classi cation, but then the question arises how tddavo contains a sole clas3alneolia

overestimating phylogenetic con dencéglylor and Piel, 2004 o

Bootstrapping entire genes instead of siaglgle alignment positio Emended Description of Rhodothermaeota, Munoz

was suggested to reduce conict and provide more realisti€t - 201§ o ) )

support values in phylogenomic analys&iddall, 201)) GBDP The description is the same as givenMiyinoz et al. (2016yith

pseudo-bootstrapping in conjunction with the greedy-with-the following modi cation. Cells are aerobic. The phylum has
trimming algorithm (Meier-Koltho et al., 2014} is indeed been additionally circumscribed on the basis of whole-geaom

conceptually closer to this partition bootstrap than to standl ~PhYlogenetic analysis. .
bootstrapping. Compared to analyses of concatenated aligtsmen | NS change was necessary due to the removadaheolia
of orthologs, GBDP yielded the same topology but slightlydow rom the phylumRhodothermaeota
support valuesRiley et al., 2006 This might explain why we did
not identify signi cant con ict with the 16S rRNA gene in this
study.

We neither identied any signicant conict between
phenotypic information and reclassi cations suggeste

by genome-scale trees; rather, these called for a distin This change was necessary due to the removaatheolia

interpretation qf the available information, or h|gh||ghtdmown from the phylumRhodothermaeota he description is the same
problems that just had not yet been taxonomically xed. Many
s for the ordeBalneolales

of the taxonomic problems had also been visible in the 16§

rRNA gene sequence analysis in the past, provided a su cientmended Description of Cytophagia Nakagawa 2012
taxon sampling had bgen usgd. For instance, sam@ihgrobi  The description is the same as givenNgkagawa (2011ayith
was also necessary in previougupoz et al., 201pand the  the following modi cation. Flagella are not found.

current phylogenetic analyses to fully recognize the probléen  Thjs change was necessary due to the removaatheola
placement of thdBalneolaclade andRhodothermaceatn other  from Cytophagia

cases, missing genomes did not hinder recognizing taxoaomi

problems. For instance, whereas the genome sequence opthe tyDescription of Saprospiria, class. nov.

strain of the type species &lexibactemwas not available to us, Sa.pros.pi'ri.a (N.L. fem. rSaprospiratype genus of the type
the need to split the genus into several genera is alreadylevisi  order of the class,ia ending to denote a class; N.L. fem. pl. n.
the unconstrained 16S rRNA gene analysis. Moreover, applyir§aprospiriathe class of the orde3aprospiralgs

a backbone constraint is a valuable means for augmenting The description is the same as for the or@&aprospirales

Emended Description of Balneolia Munoz et al. 2016
The description is the same as given lbyinoz et al. (2016)
with the following modi cation. The clasBalneolias part of the

hylumBalneolaeotand has been additionally circumscribed on
qu basis of whole-genome phylogenetic analysis.
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This class is described on the basis of 16S rRNA gene amkscription of Microscillaceae, fam. nov.
whole-genome phylogenetic analysis. The type and curreolity s Mi.cros.cil.lace.ae (L. fem. Wicroscillatype genus of the family;

order of the class iSaprospirales -aceae ending to denote a family; N.L. fem. plMicroscillaceae
the Microscillafamily).
Description of Saprospirales, ord. nov. Cells are Gram-stain negative, chemoorganotrophs and strict

Sa.pro.spi.rales (N.L. fem. Baprospiratype genus of the order, aerobes. Cells are exible threads motile by gliding. Gelatin
su . -alesending to denote order; N.L. fem. pl. Baprospirales degraded, but not agar, alginate, or carboxymethyl cellulbse
the order of the genuSaprospira major respiratory quinone is MK-7. The genomidQ& content
The description is the same as for the fanSligprospiraceae 1S around 40-50%.
This order is described on the basis of 16S rRNA gene This family belongs to the phylunBacteroidetesorder
and whole-genome phylogenetic analysis. The type gendsytophagalesclassCytophagia and comprises currently the
is Saprospira The currently sole family of the order is 9eneraMicroscilla(the type genus) anBisenibactegen. nov.

Saprospiraceae o )
Description of Bernardetiaceae, fam. nov.

Ber.nar.de.ti.ace.ae (L. fem. Bernardetiatype genus of the
family; -aceae ending to denote a family; N.L. fem. pl. n.
Bernardetiaceabe Bernardetigamily).

Emended description of Chitinophagales Munoz

et al. 2016

The desc.rlptlon Is as given bylunoz et al. (2016) with . Cells are Gram-stain negative, chemoorganotrophs and strict
the following changes. Currently encompasses only the jamil

- . a]erobes that are motile by gliding. Threads are formed, wiith a
Chitinophagaceadhis change was necessary due to the reMOViithout cross-walls. Carotenoids saproxanthin or exixain
of Saprospiracedemm the orderChitinophagales ! !

are produced. Oxidase activity is present, catalase aciwity
absent. Gelatin is hydrolyzed, but neither cellulose nor afjae.

Description of Lewinellaceae, fam. nov. major respiratory quinone is MK-7. The genomidd& content
Le.wi.nel.lace.ae (L. fem. lnewinellatype genus of the family; - 5 29-380.

aceae ending to denote a family; N.L. fem. pLewinellaceathe This family belongs to the phylunBacteroidetesorder
Lewinellafamily). Cytophagales class Cytophagia and currently comprises

Cells are ensheathed, Gram-stain negative exible rods (Ughe generaBernardetia(the type genus)Hugenholtzia and
to 3 mm) that form long laments (up to 150mm) and are tentatively als@arritya

motile by gliding. Typical fatty acids are iso£p, is0-Gs 1, iSo-
Ci70 3-OH and summed feature 3 (eitherig1 &7c/Cie1 &6C  Emended Description of Balneolaceae Munoz et al.
or Cig1 &7cliso-Gso 2-OH). Seawater is required for growth. 2016

Flexirubin-type pigments are not produced. Carotenoid-typerhe description is the same as given\dyinoz et al. (2016ith

pigments are produced. The respiratory quinone is MK-7. Thene following modi cation.

genomic GCC content is around 45-53%. _ Cells are non-motile or motile by means of agella.
This family belongs to the phylumBacteroidetesorder  The dominant fatty acids are isoig and other non-

Saprospiralesrd. nov., clasSaprospirialass. nov., and currently hydroxy branched-chain fatty acids. Major polar lipids

comprises only the type genusswinella are diphosphatidylglycerol, phosphatidylethanolamine and
either phosphatidylglycerol Balneola Gracilimonay or
Description of Haliscomenobacteraceae, fam. nov. phosphatidylcholine Aliifodinibius, Fodinibiug. The major

Ha.lis.co.me.no.bac.te.race.ae (L. fem. Haliscomenobacter menaquinone is MK-7. The genomic G content varies
type genus of the family; -aceae ending to denote a familground 45%.
N.L. fem. pl. n.Haliscomenobacteracethe Haliscomenobacter
family). Emended Description of Salinibacteraceae Munoz

Cells are Gram-stain negative, non-motile long rods (up toet al. 2016
5mm) that form long needle-like laments (up to 30@m). The description is the same as givenMiyinoz et al. (2016yith
Some are enclosed by a narrow, hardly visible hyaline sheathe following modi cation.
(HaliscomenobacterTypical fatty acids are iso16p, summed Major polar lipids are diphosphatidylglycerol (cardiolipid)
feature 3 (either @1 &7¢/Cig1 &6C or Ggi1 &7cliso- and diphosphatidylcholin. Some species possess halocapnines.
Ci50 2-OH) and either iso-G7g 3-OH or iso-Gso 3-OH.  The major fatty acids are is01&o, Cig1 &7¢, summed feature
Flexirubin-type pigments are not produced. Carotenoid-type3 (Cig1 &6¢ and/or Ge1 &7¢).
pigments are produced. The respiratory quinone is MK-7. Cells
are oxidase-positive. The genomicCG content is around Emended Description of Rhodothermaceae Ludwig
47-54%. et al. 2012

This family belongs to the phylunBacteroidetesorder The description is the same as givenllydwig et al. (2012With
Saprospiralesrd. nov., clasSaprospirielass. nov., and currently the following modi cation.
comprises the generadaliscomenobactefthe type genus), Major polar lipids are diphosphatidylglycerol,
PhaeodactylibactendPortibacter phosphatidylethanolamine and phosphatidylglycerol. The
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major fatty acids are iso-4go, is0-G70, anteiso-Gzo. The On the basis of 16S rRNA gene sequence and phylogenomic
genomic GCC content varies around 65%. analysis, the genus represents a separate branch within the
o ) order Cytophagalewith an uncertain a liation to a family. It
Emended Description of Odoribacteraceae Munoz potentially forms a clade together wiBernardetiagen. nov. and
etal. 2016 Hugenholtziagen. nov. but the three type species, respectively,
The description is the same as givenldynoz et al. (2016Wwith  are comparatively distant from each other in terms of seqeenc
the following modi cation. divergence, morphology and physiology. The type (and currently

Cells are non-motile. Metabolism fermentative, major endsple) species of the genusdarritya polymorpha
products are diverse organic acids. Major menaquinones are
MK-9 and MK-10. Major fatty acid iso-go, with a low ratio  Description of Garritya polymorpha, comb. nov.
of anteiso-Gs to is0-Ciso. The genomic &€C content varies G, po.ly.mor'pha (N.L. fem. adpolymorphavariable in form).

around 40-50%. BasonymFlexibacter polymorphuigwin 1974

o . . The description is the same as fBtexibacter polymorphus
Emended description of Saprospiraceae Krieg et al. (Lewin, 197} The type strain is ATCC 278D DSM 9678.
2012 '

The description is as given birieg et al. (2012)with the

) Description of Hugenholtzia, gen. nov.
following changes.

) Hu.gen.hol'tzi.a (N.L. masc. rHugenholtznamed after Philip
Cells are long rods (up to 3rfm) that form long helical Hugenholtz, Professor at University of Queensland, Brishane

.Iament.s (up to 500mm) and are motile by gliding. NaCl QId, Australia, who played a decisive role in starting the GEBA
is required for growth and some can be tolerate NaCl atii

. . roject; N.L. fem. nHugenholtziaa genus named after Philip
concentration of up to 9% (w/v). Cytochrome oxidase an ugenholtz).

catalase activities are variable. Flexirubin-type pigmearts The description is the same as for the spetiegienholtzia

not produced. Carotenoid-type pigments are produced. The,seqiacomb. nov., as its known features, while scarce, already
respiratory quinone is MK-7. The genomicG& content is di erentiate at the genus level

aroun_d 33_4.8%' . On the basis of 16S rRNA gene sequence and phylogenomic
This fam|ly belongs to the p.hy|umgacter0|detesorder analysis, the genus represents a separate branch within tlee ord
Saprosplralesrd. nov., classa}prospma:lass. nov., and cgrrgntly CytophagalesNith moderate support it forms a clade together
comprises the genef@aprospirgthe type genus) andureispira. with Bernardetiagen. nov. and perhaps al€aarritya gen. nov.
Description of Bernardetia, gen. nov. but the three type. species, respectively, are comparativedntlist
from each other in terms of sequence divergence, morphology

Ber.nar.de'ti,a (N.L. masc. rBernardet named after Jean- d phvsiol The t . f th Udligenholtzi
Francois Bernardet, researcher at INRA Research Center, Joﬁg physiclogy. The type species ot the genusugenhoiizia

en-Josas, France, and chairman of ICSP subcommittee on th seola
taxonomy of aerobiBacteroidetesN.L. fem. n.Bernardetiaa L. .
Description of Hugenholtzia roseola, comb. nov.

genus named after Jean-Frangois Bernardet). \ . . ’ .
On the basis of 16S rRNA gene sequence analysis, the erll_|u 0.s€'0.la (N'L_' fem. dim. ad]osec_)lawnh arosy shading).
g d y g JBasonymFIeX|bacter roseolliewin 1969

represents a separate branch within the or@gtophagale®Vith L ; )
P P rdgtophag The description is the same as felexibacter roseolsewin,

moderate support it forms a clade together wittugenholtzia . . - .
. 1969 with the following restriction. The genomic GC content
gen. nov. and perhaps al§karrityagen. nov. but the three type is 42.2%, The type strain is ATCC 23aBBSM 9546.

species, respectively, are comparatively distant from e&eln ot
terms of sequence divergence, morphology and physiology. T

type species of the genusrnardetia litorali€omb. nov. P?I?escrlptlon of Thermo exibacter, gen. nov.

Ther.mo. e.xi.bac'ter (Gr. adj. thermos hot; L. part. adgxus

Description of Bernardetia |itora|i3, comb. nov. bent, Wlndlng, N.L. masc. n. bacter from Gr. neut. n. baktron
B. li.to.ralis (L. masc. adjtoralis, belonging to the sea shore). little stick or rod; N.L. masc. nthermo exibacter thermophilic
BasonymFlexibacter litoraligewin 1969 exible rod. The type strain GEY was isolated from a Geysir in
The description is the same as flexibacter litoraliglewin, ~Iceland, can grow in freshwater medium of up to €5and forms
1969. The type strain is ATCC 23117 DSM 6794. very long threads of more than $m length.
The description is the same as for the species
Description of Garritya, gen. nov. Thermo exibacter rubercomb. nov., as its known features,

Gar.ri'ty.a (N.L. masc. rGarrity named after George M. Garrity, while scarce, already di erentiate at the genus level.
professor at Michigan State University, East Lansing, MIl, USA, On the basis of 16S rRNA gene sequence analysis as well
the former editor of Bergey's manual and current chief edidd as previously published physiological and morphological data,
Standards in Genomic Sciences; N.L. femGarritya a genus the genus represents a branch of uncertain a liation withineth
named after George M. Garrity). order CytophagalesThe 16S rRNA gene quite weakly supports
The description is the same as for the spedi&sritya a sister-group relationship of this genus and the new family
polymorpha comb. nov., as its known features, while scarcaylicroscillacead he type (and currently sole) species of the genus
already di erentiate at the genus level. is Thermo exibacter ruber
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Description of Thermo exibacter ruber, comb. nov. Basonym\Vitellibacter nionensiRajasabapathy et al., 2015
T. ru'bra (L. fem. adjrubra, red). The description is the same as fdfitellibacter nionensis
BasonymFlexibacter rubetewin 1969 (Rajasabapathy et al., 201Bhe type strain is VBW08B KCTC

The description is the same as fBlexibacter rube(Lewin, 32420D MCC 2354.
1969. The type strain is GED ATCC 23103 DSM 9560.

. . Description of Aequorivita soesokkakensis, comb.
Description of Eisenibacter, gen. nov. nov

E@.se.ni.bac'ter (N.L. masc. Eisennamgd afte.r Jonathan A. 5 soe.sok.ka.ken'sis (N.L. adpesokkakensigertaining to the
Eisen, professor at University of California, Davis, CA, USKow Soesokkak area)

played a decisive role in starting the GEBA project; N.L. masc. BasonymVitellibacter soesokkakerBark et al., 2014

n. bactera roo_l; N.L. masc. nEisenibactea rod named after The description is the same as fditellibacter soesokkakensis
Jonathan A. Eisen). (Park et al., 207ywith the following modi cation. The genomic

The description is the same as for the spec&daenibacter GCC content of the type strain is 37.8%. The type strain is
eleganscomb. nov., as its known features, while scarce, alreaq_-ySSK_lb KCTC 32536 CECT 8398

di erentiate at the genus level.

On the basis of 16S rRNA gene sequence analysis as well
previously published physiological and morphological date, th
genus represents a separate branch within the c@yg¢ophagales
The 16S rRNA gene strongly supports a sister-group relatignsh
of this genus andMicroscilla The type (and currently sole)

D';‘esscription of Aequorivita vliadivostokensis, comb.

. vla.di.vos.to.ken'sis (N.L. adj. vladivostokensis, [eirtg to
the city of Vladivostok)

species of the genusEsenibacter elegans Basonym\Vitellibacter vliadivostokensieedashkovskaya et al.
2003
Description of Eisenibacter elegans, comb. nov. The description is the same as fdtellibacter vladivostokensis

E. e'le.gans (L. masc. adj. elegans re ned, fashionablgare). (Nedashkovskaya et al., 200Bhe type strain is KMM 351®
Basonym:Flexibacter elegarfex Lewin 1969, non Soriano, NBRC 16718.
1945) Reichenbach 1989b, 20867
The description is the same as fdflexibacter elegans Emended Description of Aliifodinibius Wang et al.
(Reichenbach, 198paThe type strain is ATCC 23112 DSM 2013
3317D JCM 21159 LMG 1075 NBRC 1505® Lewin NZ-1.  The description is the same as given\byang et al. (2013ayith
the following modi cation. The genuéliifodinibiusis a member
Emended Description of Aequorivita (Bowman and of the phylumBalneolaeota
Nichols 2002) Park et al. 2009 This change was necessary due to the remoalidddinibius
The description is as given Byark et al. (2009)ith the following  from Rhodothermaeota
modi cations. Gliding motility is present or absent, exihin

production is variable, oxidase reaction is positive or negat Emended Description of Chryseobacterium

The genomic &C content varies around 37%. (Vandamme et al. 1994) Montero-Calasanz et al. 2014
This change was necessary due fo the inclusion of thene gescription is as given bylontero-Calasanz et al. (2014)
Vitellibacterspecies irequorivita with the following modi cation. Almost all strains grow at 3@.

Most, but not all, strains oxidize glycerol and trehalose.

On the basis of phylogenomic analysis and a re-assessment
of 16S rRNA gene sequence analyses and phenotypic features
published earlier, the genupilithonimonasshould be included
in Chryseobacterium.

Description of Aequorivita aestuarii, comb. nov.
A. aes.tu.ari.i (L. gen. mestuarij of a tidal at).
Basonym\Vitellibacter aestuariim et al. 2010
The description is the same as fditellibacter aestuarifKim
et al., 201 The type strain is JC2435 IMSNU 14137 KACC

13727. o . . .
Description of Chryseobacterium ginsengiterrae,
Description of Aequorivita echinoideorum, comb. nom. nov.
nov. C. gin.sen.gi.terrae (N.L. minsengunginseng; L. nterra soil;
A. e.chi.no.i.de.o'rum (N.L. gen. achinoideorunof Echinoidea  N.L. gen. nginsengiterraef soil from a ginseng eld).
sea urchins). BasonymEpilithonimonas ginsengisélbang et al. 2015 (the
BasonymVitellibacter echinoideoruirin et al. 2015 name Chryseobacterium ginsengisiotis already been validly

The description is the same as fditellibacter echinoideorum Published, hence a new epithet must be chosen to avoid
(Lin S. Y. et al., 20)5The type strain is CC-CZW00@ BCRC homonyms)

8088® JCM 30378. The description is the same as fepilithonimonas ginsengisoli

(Hoang et al., 200)5with the following modi cation. Summed
Description of Aequorivita nionensis, comb. nov. feature 3 should be interpreted as isaes@g 2-OH (Montero-
A. ni.o.nen'sis (N.L. adpionensisderived from the acronym of Calasanz et al., 20)L4The type strain is DCY78® JCM 19896
the National Institute of Oceanography, NIO). D KCTC 32174.
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Description of Chryseobacterium halperniae, nom. Emended Description of Algoriphagus marincola
nov. (Yoon et al. 2004) Nedashkovskaya et al. 2007
C. hal.per'ni.ae (N.L. gen. halperniaeof Halpern, named after The description is as given yedashkovskaya et al. (200 With
Malka Halpern, Professor at University of Haifa, Haifa, I$rae the following modi cation. The genomic GC content of the
whose team isolatef. lactig. type strain is 41.9%.

BasonymEpilithonimonas lactiShakéd et al. 2010 (the name

Chryseobacterium lactigs already been validly published, hencgzended Description of Algoriphagus terrigena Yoon

a new epithet must be chosen to avoid homonyms)

The description is the same as fa@pilithonimonas lactis
(Shakéd et al., 20).0rhe type strain is DSM 199271 H1 D LMG
24401.

Description of Chryseobacterium psychrotolerans,
comb. nov.
C. psy.chro.to'le.rans.
part. tolerans tolerating;
cold-tolerating).
BasonymEpilithonimonas psychrotolera@g et al. 2015
The description is the same as foEpilithonimonas
psychrotoleran&se et al., 200)5with the following modi cation.
Summed feature 3 should be interpreted as iggd¢C2-OH
(Montero-Calasanz et al., 201Ll4The type strain is CCTCC AB
207182D NRRL B-5130D TSBY 57.

(Gr. adjpsychros cold; L. pres.
N.L. part. adj. psychrotolerans

Description of Chryseobacterium tenax, comb. nov.
C. te'nax (L. fem. adfenaxsticky, holding rm).
BasonymEpilithonimonas tenaf'Sullivan et al. 2006
The description is the same as f@&pilithonimonas tenax
(O'Sullivan et al., 2006 Lipids were not mentioned in the

original description and thus the published corrections for

ChryseobacteriurfMontero-Calasanz et al., 201do not apply.
The type strain is DSM 16811 EP105D NCIMB 14026.

Description of Chryseobacterium xixisoli, comb. nov.

C. xi.xi.so'li (N.L. nxixi of Xixi, a geographical name; L. gen. n.

soliof soil; N.L. fem. gen. rxixisoliof soil from Xixi).
BasonymEpilithonimonas xixisokeng et al. 2014
The description is the same as f&pilithonimonas Xxixisoli
(Feng et al., 20)4The type strain is CGMCC 1.12802NBRC
11038 S31.

Emended Description of Flexibacter Soriano 1945
The description is the same as for the speéilexibacter exilis
as its known features, while scarce, already di erentiatéhat
genus level.

On the basis of 16S rRNA gene sequence analysis as weIIEe{E'

et al. 2006

The description is as given byoon et al. (2006)with the
following modi cation. The genomic GC content of the type
strain is 47.8%.

Emended Description of Alistipes putredinis

(Weinberg et al. 1937) Rautio et al. 2003

The description is as given biautio et al. (2003with the
following modi cation. The genomic GC content of the type
strain is 53.3%.

Emended Description of Alistipes shahii Song et al.
2006

The description is as given I8ong et al. (200&yith the following
modi cation. The genomic &C content of the type strain is
57.6%.

Emended Description of Alkali exus imshenetskii
Zhilina et al. 2005

The description is as given byhilina et al. (2004)with the
following restriction. The genomic GC content of the type
strain is 42.7%.

Emended Description of Alloprevotella tannerae

(Moore et al. 1994) Downes et al. 2013

The description is as given byownes et al. (2013Wwith the
following modi cation. The genomic GC content of the type
strain is 46.6%.

Emended Description of Arcticibacter svalbardensis
Prasad et al. 2013

The description is as given biyrasad et al. (2013)ith the
following restriction. The genomic GC content of the type
strain is 38.2%.

ended Description of Arenibacter latericius
Ivanova et al. 2001 emend. Nedashkovskaya et al.

previously published physiological and morphological date, th

type species of the genus represents a separate branch within o . i
order Cytophagalesnd must be separated from all other specied N€ description is as given byedashkovskaya et al. (200@ath

formerly classi ed inFlexibacter The description of the genus
must accordingly be restricted.

Emended Description of Akkermansia muciniphila
Derrien et al. 2004

The description is as given byerrien et al. (2004with the
following modi cation. The genomic €C content of the type
strain is 55.8%.

the following modi cation. The genomic GC content of the
type strain is 36.8%.

Emended Description of Bacteroides caccae

Johnson et al. 1986

The description is as given bjohnson et al. (1986yith the
following modi cation. The genomic €C content of the type
strain is 41.9%.
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Emended Description of Bacteroides cellulosilyticus
Robert et al. 2007

The description is as given bRobert et al. (2007Wwith the
following modi cation. The genomic €C content of the type
strain is 42.7%.

Emended Description of Bacteroides coprophilus
Hayashi et al. 2007

The description is as given byayashi et al. (2007ayith the
following modi cation. The genomic €C content of the type
strain is 45.7%.

Emended description of Bacteroides coprosuis
Whitehead et al. 2005
The description is as given biyhitehead et al. (2005)ith the
following modi cation. The genomic @C content of the type
strain is 35.0%.

The genome sequence-derivedCG content was reported

Emended Description of Bacteroides intestinalis

Bakir et al. 2006

The description is as given bgakir et al. (2006awith the
following modi cation. The genomic GC content of the type
strain is 42.7%.

Emended Description of Bacteroides massiliensis
Fenner et al. 2005

The description is as given byenner et al. (2005ith the
following modi cation. The genomic GC content of the type
strain is 42.7%.

Emended Description of Bacteroides ovatus Eggerth
and Gagnon 1932

The description is as given kiyggerth and Gagnon (193Wjith
the following addition. The genomic GC content of the type
strain is 41.9%.

earlier Cand et al., 207)1but no taxonomic consequences WereEmended Description of Bacteroides

drawn.

Emended Description of Bacteroides dorei Bakir

et al. 2006

The description is as given bgakir et al. (2006bwith the
following modi cation. The genomic €C content of the type
strain is 42.0%.

Emended Description of Bacteroides eggerthii
Holdeman and Moore 1974

The description is as given byoldeman and Moore (1974yith
the following modi cation. The genomic GC content of the
type strain is 44.6%.

Emended Description of Bacteroides fragilis (Veillon
and Zuber 1898) Castellani and Chalmers 1919

The description is as given byastellani and Chalmers (1919)

with the following addition. The genomic GC content of the
type strain is 43.1%.

Emended Description of Bacteroides graminisolvens
Nishiyama et al. 2009

The description is as given byishiyama et al. (2009yith the
following modi cation. The genomic €C content of the type
strain is 41.5%.

Emended Description of Bacteroides helcogenes
Benno et al. 1983
The description is as given bgenno et al. (1983with the
following modi cation. The genomic @C content of the type
strain is 44.7%.

The genome sequence-derivedCG content was reported

propionicifaciens Ueki et al. 2008
The description is as given hyeki et al. (2008With the following
restriction. The genomic GC content of the type strain is 38.0%.

Emended Description of Bacteroides

thetaiotaomicron (Distaso 1912) Castellani and
Chalmers 1919

The description is as given byastellani and Chalmers (1919)
with the following addition. The genomic GC content of the
type strain is 42.9%.

Emended Description of Bacteroides uniformis

Eggerth and Gagnon 1932

The description is as given liyggerth and Gagnon (193®jith
the following addition. The genomic GC content of the type
strain is 46.4%.

Emended Description of Bacteroides vulgatus

Eggerth and Gagnon 1932

The description is as given kiyggerth and Gagnon (193Wjith
the following addition. The genomic GC content of the type
strain is 42.2%.

Emended Description of Balneola vulgaris Urios et al.
2006

The description is as given byrios et al. (2006)with the
following modi cation. The genomic €C content of the type
strain is 39.8%.

Emended Description of Barnesiella intestinihominis
Morotomi et al. 2008
The description is as given bylorotomi et al. (2008with the

earlier (Pati et al., 201)dout no taxonomic consequences werefollowing modi cation. The genomic GC content of the type

drawn.

strain is 43.9%.
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Emended Description of Belliella baltica Brettar et al.
2004

The description is as given bgrettar et al. (2004with the
following modi cation. The genomic €C content of the type
strain is 36.8%.

Emended description of Bergeyella zoohelcum
(Holmes et al. 1987) Vandamme et al. 1994

The description is as given byandamme et al. (1994With
the following restriction. The genomicGC content of the type
strain is 36.1%.

Emended Description of Blastopirellula marina
(Schlesner 1987) Schlesner et al. 2004

The description is as given bychlesner et al. (2004ith the
following restriction. The genomic GC content of the type
strain is 57.0%.

Emended Description of Butyricimonas synergistica
Sakamoto et al. 2009 emend. Sakamoto et al. 2014

The description is as given byakamoto et al. (2014yith the
following restriction. The genomic GC content of the type
strain is 44.8%.

Emended Description of Butyricimonas virosa
Sakamoto et al. 2009 emend. Sakamoto et al. 2014

The description is as given byakamoto et al. (2014yith the
following restriction. The genomic GC content of the type
strain is 42.3%.

Emended Description of Capnocytophaga gingivalis
Leadbetter et al. 1982 emend. London et al. 1985

The description is as given byondon et al. (1985with the
following restriction. The genomic GC content of the type
strain is 40.5%.

Emended Description of Capnocytophaga sputigena
Leadbetter et al. 1982

The description is as given hyeadbetter et al. (197%ith the
following modi cation. The genomic GC content of the type
strain is 38.4%.

Emended Description of Cellulophaga algicola

Bowman 2000

The description is as given tBowman (2000yvith the following

restriction. The genomic GC content of the type strain is 33.8%.
The genome sequence-derivedCG content was reported

earlier Abt et al., 2011rbut no taxonomic consequences were

drawn.

Emended Description of Cellulophaga lytica (Lewin
1969) Johansen et al. 1999
The description is as given hjohansen et al. (199®With the
following modi cation. The genomic @C content of the type
strain is 32.1%.

The genome sequence-derivedCG content was reported

Emended Description of Chitinophaga japonensis
(Fujita et al. 1997) Kampfer et al. 2006

The description is as given byampfer et al. (2006with the
following modi cation. The genomic GC content of the type
strain is 53.0%.

Emended Description of Chitinophaga pinensis
Sangkhobol and Skerman 1981
The description is as given &yangkhobol and Skerman (1981)
with the following addition. The genomic GC content of the
type strain is 45.2%.

The genome sequence-derivedCG content was reported
earlier Glavina Del Rio et al., 20)0Obut no taxonomic
consequences were drawn.

Emended Description of Chitinophaga sancti (Lewin
1969) Kampfer et al. 2006

The description is as given byampfer et al. (2006yith the
following modi cation. The genomic GC content of the type
strain is 44.2%.

Emended Description of Chlorobium limicola Nadson
1906 emend. Imhoff 2003

The description is as given bynho (2003) with the following
restriction. The genomic GC content of the type strain is 51.3%.

Emended Description of Chlorobium

phaeobacteroides Pfennig 1968 emend. Imhoff 2003
The description is as given bynho (2003) with the following
modi cation. The genomic &C content of the type strain is
48.4%.

Emended Description of Chloroherpeton thalassium
Gibson et al. 1985

The description is as given b$ibson et al. (1984ith the
following restriction. The genomic GC content of the type
strain is 45.0%.

Emended Description of Chryseobacterium

antarcticum (Yi et al. 2005) Kampfer et al. 2009

The description is as given byampfer et al. (2009ayith the
following modi cation. The genomic GC content of the type
strain is 36.1%.

Emended Description of Chryseobacterium

aquaticum Kim et al. 2008

The description is as given b§im et al. (2008with the following
modi cation. The genomic @&C content of the type strain is
33.9%.

Emended Description of Chryseobacterium caeni
Quan et al. 2007
The description is as given bQuan et al. (2007with the

earlier (Pati et al., 201)abut no taxonomic consequences werefollowing modi cation. The genomic GC content of the type

drawn.

strain is 36.6%.
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Emended Description of Chryseobacterium

formosense Young et al. 2005

The description is as given byoung et al. (2005with the
following addition. The genomic GC content of the type strain
is 34.8%.

Emended Description of Chryseobacterium

gallinarum Kéampfer et al. 2014

The description is as given byampfer et al. (2014yith the
following addition. The genomic GC content of the type strain
is 37.3%.

Emended Description of Chryseobacterium gleum
(Holmes et al. 1984) Vandamme et al. 1994 emend.
Montero-Calasanz et al. 2014

The description is as given hylontero-Calasanz et al. (2014)
with the following restriction. The genomic GC content of the
type strain is 36.8%.

Emended Description of Chryseobacterium
greenlandense Loveland-Curtze et al. 2009

The description is as given yveland-Curtze et al. (200@jith
the following restriction. The genomicGC content of the type
strain is 34.1%.

Emended Description of Chryseobacterium jeonii (Vi
et al. 2005) Kampfer et al. 2009

The description is as given byampfer et al. (2009a)ith the
following modi cation. The genomic €C content of the type
strain is 34.9%.

Emended Description of Chryseobacterium koreense
(Kim et al. 2004) Kampfer et al. 2009

The description is as given Byampfer et al. (2009byith the
following modi cation. The genomic €C content of the type
strain is 40.1%.

Emended Description of Chryseobacterium
kwangjuense Sang et al. 2013

The description is as given I8ang et al. (201®ith the following
modi cation. The genomic @C content of the type strain is
38.5%.

Emended Description of Chryseobacterium luteum
Behrendt et al. 2007 emend. Montero-Calasanz et al.
2014

The description is as given bylontero-Calasanz et al. (2014)
with the following addition. The genomic GC content of the
type strain is 37.3%.

Emended Description of Chryseobacterium palustre
Pires et al. 2010

The descriptionis as given Iiyires et al. (201@yith the following
modi cation. The genomic @C content of the type strain is
41.5%.

Emended Description of Chryseobacterium piperi
Strahan et al. 2011

The description is as given bgtrahan et al. (2011with the
following modi cation. The genomic GC content of the type
strain is 35.2%.

Emended Description of Chryseobacterium soli

Weon et al. 2008

The description is as given bweon et al. (2008with the
following modi cation. The genomic GC content of the type
strain is 36.4%.

Emended Description of Chryseobacterium solincola
Benmalek et al. 2010

The description is as given yenmalek et al. (201@ith the
following modi cation. The genomic GC content of the type
strain is 39.5%.

Emended Description of Croceitalea dokdonensis

Lee et al. 2008

The description is as given lyee et al. (2008yith the following
modi cation. The genomic &C content of the type strain is
41.9%.

Emended Description of Cyclobacterium

amurskyense Nedashkovskaya et al. 2005

The description is as given lYedashkovskaya et al. (200Wdth
the following modi cation. The genomic GC content of the
type strain is 38.3%.

Emended Description of Cyclobacterium marinum

(Raj 1976) Raj and Maloy 1990

The description is as given byaj and Maloy (1990Wwith the
following modi cation. The genomic €C content of the type
strain is 38.1%.

Emended Description of Cyclobacterium gasimii

Shivaji et al. 2012

The description is as given bghivaji et al. (2012with the
following modi cation. The genomic €C content of the type
strain is 38.8%.

Emended Description of Cytophaga aurantiaca (ex
Winogradsky 1929) Reichenbach 1989

The description is as given byeichenbach (1989hyith the
following restriction. The genomic GC content of the type
strain is 37.1%.

Emended Description of Cytophaga hutchinsonii
Winogradsky 1929

The description is as given byinogradsky (1929with the
following addition. The genomic GC content of the type strain
is 38.8%.
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Emended Description of Dyadobacter beijingensis
Dong et al. 2007

The description is as given byong et al. (2007)with the
following modi cation. The genomic €C content of the type
strain is 52.1%.

Emended Description of Dyadobacter crusticola

Reddy and Garcia-Pichel 2005

The description is as given byeddy and Garcia-Pichel (2005)
with the following modi cation. The genomic GC content of
the type strain is 46.7%.

Emended Description of Dyadobacter fermentans
Chelius and Triplett 2000
The descriptionis as given Iyhelius and Triplett (2000)ith the
following modi cation. The genomic €C content of the type
strain is 51.5%.

The genome sequence-derivedCG content was reported

earlier Cang et al., 20Q%ut no taxonomic consequences were

drawn.

Emended Description of Dyadobacter ginsengisoli

Liu et al. 2006

The description is as given lyu et al. (2006with the following
modi cation. The genomic @C content of the type strain is
49.0%.

Emended Description of Dysgonomonas gadei

Hofstad et al. 2000

The description is as given bylofstad et al. (2000With the
following addition. The genomic GC content of the type strain
is 39.6%.

Emended Description of Dysgonomonas mossii
Lawson et al. 2002

The description is as given hyawson et al. (2002yith the
following modi cation. The genomic @C content of the type
strain is 37.5%.

Emended Description of Echinicola paci ca
Nedashkovskaya et al. 2006

The description is as given byedashkovskaya et al. (200@dth
the following modi cation. The genomic GC content of the
type strain is 43.8%.

Emended Description of Echinicola viethamensis
Nedashkovskaya et al. 2007

The description is as given byedashkovskaya et al. (200vdth
the following modi cation. The genomic GC content of the
type strain is 44.8%.

Emended Description of Elizabethkingia anophelis
Kampfer et al. 2011 emend. Kampfer et al. 2015

The description is as given byampfer et al. (2015ith the
following addition. The genomic GC content of the type strain
is 35.4%.

Emended Description of Empedobacter brevis

(Holmes and Owen 1982) Vandamme et al. 1994
emend. Zhang et al. 2014

The description is as given byhang et al. (2014with the
following restriction. The genomic GC content of the type
strain is 32.8%.

Emended Description of Emticicia oligotrophica Saha

and Chakrabarti 2006

The description is as given [aha and Chakrabarti (200@jth

the following modi cation. The genomic GC content of the
type strain is 35.6%.

Emended Description of Flavihumibacter petaseus
Zhang et al. 2010 emend. Zhang et al. 2013

The description is as given byhang et al. (2013with the
following modi cation. The genomic GC content of the type
strain is 49.3%.

Emended Description of Flavihumibacter solisilvae

Lee et al. 2014

The description is as given lyee et al. (2014yith the following
modi cation. The genomic &C content of the type strain is
47.0%.

Emended Description of Flavisolibacter ginsengisoli
Yoon and Im 2007

The description is as given byoon and Im (2007)with the
following modi cation. The genomic GC content of the type
strain is 40.6%.

Emended Description of Flavisolibacter

ginsengiterrae Yoon and Im 2007

The description is as given byoon and Im (2007)with the
following modi cation. The genomic €C content of the type
strain is 41.3%.

Emended Description of Flavobacterium antarcticum

Yi et al. 2005

The description is as given byi et al. (2005with the following
modi cation. The genomic @&C content of the type strain is
35.0%.

Emended Description of Flavobacterium aquatile
(Frankland and Frankland 1889) Bergey et al. 1923
emend. Sheu et al. 2013

The description is as given I8heu et al. (201®ith the following
addition. The genomic GC content of the type strain is 32.2%.

Emended Description of Flavobacterium enshiense
Dong et al. 2013

The description is as given byong et al. (2013aith the
following modi cation. The genomic €C content of the type
strain is 37.7%.
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Emended Description of Flavobacterium fryxellicola
Van Trappen et al. 2005

The description is as given by Van Trappenal.(Van Trappen
et al., 200pwith the following modi cation. The genomic GC
content of the type strain is 34.6%.

Emended Description of Flavobacterium hydatis
Bernardet et al., 1996

The description is as given yernardet et al. (1996yith the
following modi cation. The genomic @C content of the type
strain is 32.7%.

Emended Description of Flavobacterium saliperosum
Wang et al. 2006 emend. Dong et al. 2013

The description is as given byong et al. (2013awith the
following modi cation. The genomic @C content of the type
strain is 39.6%.

Emended Description of Flavobacterium

subsaxonicum Ali et al. 2009 emend. Dong et al. 2013
The description is as given byong et al. (2013bwith the
following modi cation. The genomic €C content of the type
strain is 41.6%.

Emended Description of Flavobacterium terrigena

Yoon et al. 2007 emend. Fujii et al. 2014

The description is as given Byjii et al. (2014ith the following
modi cation. The genomic @C content of the type strain is
31.2%.

Emended Description of Flectobacillus major

(Gromov 1963) Larkin et al. 1977

The description is as given byarkin et al. (1977)with the
following modi cation. The genomic €C content of the type
strain is 37.8%.

Emended Description of Flexibacter roseolus Lewin
1969

The description is as given byewin (1969)with the following
restriction. The genomic GC content of the type strain is 42.2%.

Emended Description of Formosa agariphila
Nedashkovskaya et al. 2006

The description is as given yedashkovskaya et al. (200@¥ith
the following modi cation. The genomic GC content of the
type strain is 33.5%.

Emended Description of Gelidibacter mesophilus
Macian et al. 2002

The description is as given bylacian et al. (2002with the
following restriction. The genomic GC content of the type
strain is 36.9%.

Emended Description of Gillisia limnaea Van Trappen
et al. 2004

The description is as given byan Trappen et al. (2004ith
the following restriction. The genomic@C content of the type
strain is 37.6%.

The genome sequence-derivedCG content was reported
earlier Riedel etal., 2012hut no taxonomic consequences were
drawn.

Emended Description of Haliscomenobacter
hydrossis van Veen et al. 1973
The description is as given byan Veen et al. (1973yith the
following addition. The genomic GC content of the type strain
is 47.1%.

The genome sequence-derivedCG content was reported
earlier Qaligault et al., 20)1but no taxonomic consequences
were drawn.

Emended Description of Hallella seregens Moore and
Moore 1994

The description is as given Byoore and Moore (1994Wwith the
following modi cation. The genomic GC content of the type
strain is 56.0%.

Emended Description of Hymenobacter aerophilus
Buczolits et al. 2002

The description is as given bByuczolits et al. (2002ith the
following restriction. The genomic GC content of the type
strain is 62.1%.

Emended Description of Hymenobacter norwichensis
Buczolits et al. 2006

The description is as given Byuczolits et al. (2006yith the
following addition. The genomic GC content of the type strain
is 56.4%.

Emended Description of Hymenobacter

roseosalivarius Hirsch et al. 1999

The description is as giverirsch et al. (1998ith the following
restriction. The genomic GC content of the type strain is 56.4%.

Emended Description of Imtechella halotolerans
Surendra et al. 2012

The description is as given byurendra et al. (2014yith the
following modi cation. The genomic €C content of the type
strain is 35.5%.

Emended Description of Indibacter alkaliphilus

Kumar et al. 2010

The description is as given bgumar et al. (2010with the
following restriction. The genomic GC content of the type
strain is 39.7%.

Emended Description of Joostella marina Quan et al.
2008
The description is as given bQuan et al. (2008with the
following modi cation. The genomic GC content of the type
strain is 33.6%.

The genome sequence-derived G content was reported
earlier Stackebrandt et al., 20)lut no taxonomic consequences
were drawn.
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Emended Description of Leadbetterella byssophila
Weon et al. 2005
The description is as given bweon et al. (2005with the
following modi cation. The genomic €C content of the type
strain is 40.4%.

The genome sequence-derivedCG content was reported

Emended Description of Nonlabens marinus Park

et al. 2013 emend. Kwon et al. 2014

The description is as given biwon et al. (2014)with the
following modi cation. The genomic GC content of the type
strain is 39.7%.

earlier (Abt et al., 2011pbut no taxonomic consequences WereEmended Description of Odoribacter laneus Nagai

drawn.

Emended Description of Leeuwenhoekiella

blandensis Pinhassi et al. 2006

The description is as given byinhassi et al. (2006yith the
following modi cation. The genomic €C content of the type
strain is 39.8%.

Emended Description of Lewinella persica (Lewin
1970) Sly et al. 1998 emend. Khan et al. 2007

The description is as given bi¢than et al. (2007with the
following modi cation. The genomic €C content of the type
strain is 51.6%.

Emended Description of Mariniradius saccharolyticus
Bhumika et al. 2013

The description is as given byhumika et al. (2013yith the
following modi cation. The genomic €C content of the type
strain is 46.7%.

Emended Description of Microscilla marina

(Pringsheim 1951) Lewin 1969

The description is as given byewin (1969)with the following
modi cation. The genomic @C content of the type strain is
40.6%.

Emended Description of Mucilaginibacter paludis
Pankratov et al. 2007

The description is as given byankratov et al. (200Ayith the
following modi cation. The genomic @C content of the type
strain is 42.9%.

Emended Description of Muricauda lutaonensis Arun
et al. 2009

The description is as given bjrun et al. (2009)with the
following restriction. The genomic GC content of the type
strain is 45.0%.

Emended Description of Myroides odoratus (Stutzer
1929) Vancanneyt et al. 1996

The description is as given byancanneyt et al. (1996)ith
the following restriction. The genomic GC content of the type
strain is 35.8%.

Emended Description of Niabella aurantiaca Kim

et al. 2007

The description is as given b§im et al. (2007with the following
modi cation. The genomic @C content of the type strain is
48.6%.

et al. 2010

The description is as given bjiagai et al. (2010with the
following modi cation. The genomic €C content of the type
strain is 40.5%.

Emended Description of Odoribacter splanchnicus
(Werner et al. 1975) Hardham et al. 2008
The description is as given byardham et al. (2008with the
following addition. The genomic GC content of the type strain
is 43.4%.

The genome sequence-derivedCG content was reported
earlier Goker et al., 200)Ibut no taxonomic consequences were
drawn.

Emended Description of Opitutus terrae Chin et al.
2001

The descriptionis as given layhin et al. (2001yvith the following
modi cation. The genomic &C content of the type strain is
65.3%.

Emended Description of Owenweeksia
hongkongensis Lau et al. 2005 emend. Zhou et al.
2013
The description is as given b¥hou et al. (2013)with the
following modi cation. The genomic €C content of the type
strain is 40.2%.

The genome sequence-derivedCG content was reported
earlier Riedel et al., 2013but no taxonomic consequences were
drawn.

Emended Description of Parabacteroides distasonis
(Eggerth and Gagnon 1932) Sakamoto and Benno

2006

The description is as given [akamoto and Benno (200@wjth
the following modi cation. The genomic GC content of the
type strain is 45.1%.

Emended Description of Parabacteroides johnsonii
Sakamoto et al. 2007

The description is as given byakamoto et al. (200%ith the
following modi cation. The genomic GC content of the type
strain is 45.2%.

Emended Description of Parabacteroides merdae
(Johnson et al. 1986) Sakamoto and Benno 2006

The description is as given &akamoto and Benno (200&jth
the following modi cation. The genomic GC content of the
type strain is 45.3%.
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Emended Description of Pedobacter glucosidilyticus
Luo et al. 2010 emend. Zhou et al. 2012

The description is as given b¥hou et al. (2012)with the
following modi cation. The genomic €C content of the type
strain is 34.4%.

Emended Description of Pedobacter kyungheensis
Yang et al. 2015

The descriptionis as given biang et al. (2013yith the following
modi cation. The genomic @C content of the type strain is
40.5%.

Emended Description of Pirellula staleyi (Schlesner
and Hirsch 1984) Schlesner and Hirsch 1987
The description is as given [&chlesner and Hirsch (198Wijth
the following addition. The genomic GC content of the type
strain is 57.5%.

The genome sequence-derivedCG content was reported

Emended Description of Porphyromonas

endodontalis (van Steenbergen et al. 1984) Shah and
Collins 1988

The description is as given bghah and Collins (1988)ith
the following restriction. The genomic@C content of the type
strain is 47.5%.

Emended Description of Porphyromonas gingivalis
(Coykendall et al. 1980) Shah and Collins 1988

The description is as given khah and Collins (1988yith the
following modi cation. The genomic GC content of the type
strain is 48.4%.

Emended Description of Porphyromonas gulae
Fournier et al. 2001

The description is as given byournier et al. (2001with the
following modi cation. The genomic GC content of the type

earlier Clum et al., 200Pbut no taxonomic consequences werestrain is 48.6%.

drawn.

Emended Description of Polaribacter franzmannii
Gosink et al. 1998

The description is as given b$osink et al. (1998with the
following restriction. The genomic GC content of the type
strain is 32.5%.

Emended Description of Polaribacter irgensii  Gosink
et al. 1998 emend. Kim et al. 2013

The description is as given byim et al. (2013ith the following
modi cation. The genomic &C content of the type strain is
34.5%.

Emended Description of Pontibacter actiniarum
Nedashkovskaya et al. 2005

The description is as given bYedashkovskaya et al. (200%dth
the following modi cation. The genomic GC content of the
type strain is 53.1%.

Emended Description of Porphyromonas
asaccharolytica (Holdeman and Moore 1970) Shah

and Collins 1988

The description is as given bghah and Collins (1988)ith
the following restriction. The genomicGC content of the type
strain is 52.5%.

Emended Description of Porphyromonas bennonis
Summanen et al. 2009

The description is as given iyummanen et al. (200%ith the
following modi cation. The genomic €C content of the type
strain is 56.3%.

Emended Description of Porphyromonas catoniae
(Moore and Moore 1994) Willems and Collins 1995

The description is as given byillems and Collins (1995hyith
the following modi cation. The genomic GC content of the
type strain is 51.0%.

Emended Description of Porphyromonas levii

(Johnson and Holdeman 1983) Shah et al. 1995

The description is as given I8hah et al. (199With the following
restriction. The genomic GC content of the type strain is 45.7%.

Emended Description of Porphyromonas somerae
Summanen et al. 2006

The description is as given Byummanen et al. (200with the
following addition. The genomic GC content of the type strain
is 47.1%.

Emended Description of Prevotella albensis Avgustin
et al. 1997

The description is as given bfvgustin et al. (1997with the
following restriction. The genomic GC content of the type
strain is 41.2%.

Emended Description of Prevotella amnii Lawson

et al. 2008

The description is as given byawson et al. (2008ith the
following addition. The genomic GC content of the type strain
is 36.6%.

Emended Description of Prevotella baroniae Downes
et al. 2005

The description is as given byownes et al. (2005yith the
following modi cation. The genomic €C content of the type
strain is 53.0%.

Emended Description of Prevotella brevis (Bryant

et al. 1958) Avgustin et al. 1997

The description is as given bfvgustin et al. (1997with the
following restriction. The genomic GC content of the type
strain is 48.7%.
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Emended Description of Prevotella bryantii Avgustin

et al. 1997

The description is as given bfvgustin et al. (1997with the
following restriction. The genomic GC content of the type
strain is 39.1%.

Emended Description of Prevotella buccae

(Holdeman et al. 1982) Shah and Collins 1990

The description is as given t®hah and Collins (199Gyith the
following modi cation. The genomic €C content of the type
strain is 51.0%.

Emended Description of Prevotella copri Hayashi

et al. 2007

The description is as given Wyayashi et al. (2007hyith the
following restriction. The genomic GC content of the type
strain is 44.8%.

Emended Description of Prevotella corporis (Johnson
and Holdeman 1983) Shah and Collins 1990

The description is as given bghah and Collins (1990yith
the following restriction. The genomicGC content of the type
strain is 44.1%.

Emended Description of Prevotella dentalis

(Haapasalo et al. 1986) Willems and Collins 1995

The description is as given b¥illems and Collins (1995ayith
the following restriction. The genomic @C content of the type
strain is 55.9%.

Emended Description of Prevotella denticola (Shah

and Collins 1982) Shah and Collins 1990 emend. Wu

et al. 1992

The description is as given byu et al. (1992ith the following
restriction. The genomic GC content of the type strain is 50.1%.

Emended Description of Prevotella histicola Downes
et al. 2008

The description is as given byownes et al. (2008ith the
following modi cation. The genomic €C content of the type
strain is 41.2%.

Emended Description of Prevotella intermedia
(Holdeman and Moore 1970) Shah and Collins 1990

The description is as given bghah and Collins (1990yith
the following restriction. The genomicGC content of the type
strain is 43.3%.

Emended Description of Prevotella loescheii

(Holdeman and Johnson 1982) Shah and Collins 1990
emend. Wu et al. 1992

The description is as given byu et al. (1992with the following
restriction. The genomic GC content of the type strain is 46.6%.

Emended Description of Prevotella marshii Downes

et al. 2005

The description is as given byownes et al. (2005yith the
following modi cation. The genomic GC content of the type
strain is 47.5%.

Emended Description of Prevotella melaninogenica
(Oliver and Wherry 1921) Wu et al. 1992

The description is as given byu et al. (1992with the following
addition. The genomic GC content of the type strain is 41.0%.

Emended Description of Prevotella
multisaccharivorax Sakamoto et al. 2005
The description is as given byakamoto et al. (200%ith the
following modi cation. The genomic €C content of the type
strain is 48.3%.

The genome sequence-derivedCG content was reported
earlier (Pati et al., 201cbut no taxonomic consequences were
drawn.

Emended Description of Prevotella nanceiensis
Alauzet et al. 2007

The description is as given bflauzet et al. (2007ith the
following modi cation. The genomic GC content of the type
strain is 38.4%.

Emended Description of Prevotella nigrescens Shah
and Gharbia 1992

The description is as given byhah and Gharbia (1992yith
the following restriction. The genomic@GC content of the type
strain is 42.6%.

Emended Description of Prevotella oralis (Loesche

et al. 1964) Shah and Collins 1990

The description is as given hah and Collins (199@yith the
following addition. The genomic GC content of the type strain
is 44.5%.

Emended Description of Prevotella oris (Holdeman

et al. 1982) Shah and Collins 1990

The description is as given bghah and Collins (1990ith
the following restriction. The genomic@GC content of the type
strain is 43.8%.

Emended Description of Prevotella pallens Kondnen
etal., 1998

The description is as given byononen et al. (1998Wwith the
following addition. The genomic GC content of the type strain
is 37.4%.

Emended Description of Prevotella paludivivens Ueki
et al. 2007

The description is as given byeki et al. (2007yvith the following
modi cation. The genomic @C content of the type strain is
37.3%.
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Emended Description of Prevotella timonensis
Glazunova et al. 2007

The description is as given bylazunova et al. (200%ith the
following addition. The genomic GC content of the type strain
is 42.4%.

Emended Description of Prosthecochloris aestuarii
Gorlenko 1970 emend. Imhoff 2003

The description is as given bynho (2003) with the following
addition. The genomic GC content of the type strain is 50.1%.

Emended description of Proteiniphilum acetatigenes
Chen and Dong 2005

The description is as given byhen and Dong (2005ith the
following restriction. The genomic GC content of the type
strain is 43.1%.

Emended Description of Pseudopedobacter saltans
(Steyn et al. 1998) Cao et al. 2014

The description is as given liyao et al. (2014yith the following
restriction. The genomic GC content of the type strain is 36.6%.

Emended Description of Pseudosphingobacterium
domesticum Vaz-Moreira et al. 2007

The description is as given byaz-Moreira et al. (200Ayith the
following modi cation. The genomic €C content of the type
strain is 38.9%.

Emended Description of Psychro exus

gondwanensis (Dobson et al. 1993) Bowman et al.

1999

The description is as given bByowman et al. (1998with the
following modi cation. The genomic €C content of the type
strain is 35.8%.

Emended Description of Psychro exus torquis

Bowman et al. 1999

The description is as given bByowman et al. (1998Wwith the
following modi cation. The genomic €C content of the type
strain is 34.5%.

Emended Description of Psychro exus tropicus
Donachie et al. 2004

The description is as given byonachie et al. (2004with the
following restriction. The genomic GC content of the type
strain is 36.5%.

Emended Description of Psychroserpens burtonensis
Bowman et al. 1997

The description is as given byowman et al. (1997vith the
following restriction. The genomic GC content of the type
strain is 33.4%.

Emended Description of Rhodonellum

psychrophilum Schmidt et al. 2006

The description is as given bychmidt et al. (2006yith the
following modi cation. The genomic €C content of the type
strain is 41.8%.

Emended Description of Rikenella microfusus
(Kaneuchi and Mitsuoka 1978) Collins et al. 1985

The description is as given bgollins et al. (1985with the
following restriction. The genomic GC content of the type
strain is 57.0%.

Emended Description of Robiginitalea biformata Cho
and Giovannoni 2004

The description is as given iyno and Giovannoni (2004yith
the following modi cation. The genomic GC content of the
type strain is 55.3%.

Emended Description of Roseivirga echinicomitans
Nedashkovskaya et al. 2005

The description is as given ledashkovskaya et al. (200%¥igh
the following modi cation. The genomic GC content of the
type strain is 40.0%.

Emended Description of Roseivirga ehrenbergii
Nedashkovskaya et al. 2005 emend.

Nedashkovskaya et al. 2008

The description is as given byedashkovskaya et al. (20Qith
the following modi cation. The genomic GC content of the
type strain is 39.3%.

Emended Description of Roseivirga spongicola Lau

et al. 2006

The description is as given tyau et al. (2006With the following
modi cation. The genomic &C content of the type strain is
40.2%.

Emended Description of Runella limosa Ryu et al.

2006

The description is as given Byyu et al. (2006With the following
modi cation. The genomic @C content of the type strain is
44.3%.

Emended Description of Runella slithyformis Larkin
and Williams 1978
The description is as given tyarkin and Williams (1978with
the following modi cation. The genomic GC content of the
type strain is 46.6%.

The genome sequence-derivedCG content was reported
earlier Copeland et al., 20)dut no taxonomic consequences
were drawn.

Emended Description of Runella zeae Chelius et al.
2002

The description is as given bghelius et al. (2002yith the
following modi cation. The genomic GC content of the type
strain is 42.1%.

Emended Description of Salegentibacter avus

Ivanova et al. 2006

The description is as given byanova et al. (2006With the
following modi cation. The genomic €C content of the type
strain is 39.8%.
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Emended Description of Salinimicrobium terrae  Chen  Emended Description of Terrimicrobium

et al. 2008 sacchariphilum Qiu et al. 2014

The description is as given b§hen et al. (2008with the  The description is as given lyiu et al. (2014ith the following
following modi cation. The genomic €C content of the type modi cation. The genomic @C content of the type strain is
strain is 40.4%. 60.2%.

Emended Description of Thermonema rossianum
Nobre et al. 1997

The description is as given yn et al. (2007 with the following Tr_]e descriptior_1 is as g|_ven_by Nobre et a’le(_weiro etal., 1997
modi cation. The genomic @C content of the type strain is with the following modi cation. The genomic GC content of
37 4% the type strain is 48.8%.

Emended Description of Segetibacter koreensis An
et al. 2007

Emended Description of Weeksella virosa Holmes
Emended Description of Sphingobacterium et al. 1987 emend. Zhang et al. 2014
multivorum (Holmes et al. 1981) Yabuuchi et al. 1983 The description is as given byhang et al. (2014with the
The description is as given byabuuchi et al. (1983With the  following modi cation. The genomic GC content of the type
following modi cation. The genomic €C content of the type strain is 35.9%.

strain is 39.9%. The genome sequence-derivedG content was reported
earlier Cang et al., 20)1but no taxonomic consequences were
Emended Description of Sphingobacterium drawn.

thalpophilum (Holmes et al. 1983) Takeuchi and

Emended Description of Winogradskyella
Yokota 1993

AN . ) ) psychrotolerans Begum et al. 2013
The description is as given bakeuchi and Yokota (199&ith description is as given byegum et al. (2013With the

the following modi cation. The genomic GC content of the  ¢,5\ying restriction. The genomic GC content of the type
type strain is 43.6%. strain is 33.5%.

Emended Description of Spirosoma linguale Migula AUTHOR CONTRIBUTIONS
1894

The description is as given byigula (1894)with the following HK prepared genomic DNA. TW sequenced the genomes.

restriction. The genomic GC content of the type strainis 50.1%. MH, NI, NK, and SM annotated the genomes. JM and MG
The genome sequence-derivedCG content was reported phylogenetically analyzed the data. MGL and MG collected the

earlier (ail et al., 201Pbut no taxonomic consequences wereGCC content information. RH, MGL, and MG collected the

drawn. phenotypic information. RH, JM, MGL, and MG interpreted the

results. All authors read and approved the nal manuscript.

Emended Description of Spirosoma panaciterrae Ten

et al. 2009 FUNDING

The description is as given byen et al. (2009ith the following

modi cation. The genomic @C content of the type strain is 1hiS work was performed under the auspices of the US
48.9%. Department of Energy's Oce of Science, Biological and

Environmental Research Program, and by the University
of California, Lawrence Berkeley National Laboratory unde
contract No. DE-AC02-05CH11231. RH was supported by the
German Bundesministerium fur Erndhrung und Landwirtsahaf
grant No. 22016812 for Brian J. Tindall.

Emended Description of Spirosoma spitsbergense
Finster et al. 2009

The description is as given byinster et al. (2009with the
following modi cation. The genomic €C content of the type

strain is 50.4%. ACKNOWLEDGMENTS

Emended Description of Sporocytophaga We are grateful to Brian J. Tindall, Sabine Gronow, Cathrin
myxococcoides (Krzemieniewska 1933) Stanier 1940 Sproer (all DSMZ) and Maria del Carmen Montero Calasanz
The description is as given Itanier (1940yvith the following  (Newcastle University) for helpful comments, as well as to
addition. The genomic GC content of the type strain Evelyne Brambilla, Beatrice Trimper, and Meike Déppner (all
is 36.2%. DSMZ) for technical assistance.

Emended Description of Tamlana sedimentorum SUPPLEMENTARY MATERIAL
Romanenko et al. 2014

The description is as given Bjomanenko et al. (2014ith the  The Supplementary Material for this article can be found oalin
following modi cation. The genomic €C content of the type at: http://journal.frontiersin.org/article/10.3389/iob.2016.
strain is 32.9%. 02003/full#supplementary-material
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