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Abstract

Rhodococcus defluvii strain Callwas isolated from a bioreactor involved in extensive
phosphorus removal. We hasequenced the&holegenome of this strain and our
comparative genomic and phylogenetic analyses confirm its close relatediiness wi
Rhodococcus equi (Rhodococcus hoagii) strains, which share >80% of the gene content. The
R. equi virulence plasmid is absent though most of the chromosBneglii virulence-
associated genese present iR defluvii Call. These data suggest that altho&gHefluvii

is an environmental organism, it has the potential to colonise animal hosts.
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Rhodococcus defluvii is a Grampositive,mycolic acidcontaining, rod shaped
actinobacterium that has been described as a new member of the heterogeneous genus
Rhodococcus (Jones and Goodfellow 2012; Kampfer et al. 2014). The type strain of this
species, Call(=DSM 45893 =LMG27563), was isolated from a wastewater treatment
bioreactor involved in phosphorus removal. Strain Cahbwed the highest 16S rRNA
sequence similarity (98.9%) and corresponding DNA-DNA relatedness #dIB94;
reciprocal 38.1%) to the type strainRifodococcus equi (Rhodococcus hoagii; Kampferet
al., 2014).The nomenclature of these taxa is currently a matter of dabale priority of the
nameR. hoagii overR. equi (or vice versa) is under review by the Judicial Commission of the
InternationalCommittee on Systematics of Prokaryof@sarrity 2014)while the bacterial
genus nam&hodococcusis considered to be illegitimaf&indall 2014).For clarity, we here
refer to theR. equi/R. hoagii taxon asR. equi.

In this study, we have sequenced the genonfe défluvii strain Calland
performed comparative analyses with the genome sequenResopf strains C7 (Sangal et
al. 2014), 103S (Letek et al. 2010) and ATCC 33707 (Qin et al. 26&8dBankaccession
numbers APJC00000000, NC_014659 and NZ_CM001149, respectiBelypmic DNA
extracted from 1.5ml of culture grown for A&t 30C in BrainHeart Infusion broth (Oxoid)
was sequenced on an lllumina MiSeq instrument, according to the manufacturer’s
instructions. A total of 2,156,06¢ads with an average read length of 238 bp were assembled
into 267 contigs (>200 bp) using CLC Genomic Workbench (Qiagen). Thefsaassembly
was 5,134,337 bp with an averagef@t} coverage.

The size of thelraft genome an&+C content oR. defluvii strain Call (5.13 Mb,
68.71%)are similar to those d’. equi strains C7 (5.20 Mb, 68.79%), 103S (5.04 Mb,
68.82%) and ATCC 33707 (5.26 Mb, 68.77%). However, the geseeence ds only

beencompleta for strain 103S and so these values may slightly vary for sttans if their
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genomes arénished. Using the RAST pipeline (Aziz et al. 2008), the Cafthome was

annotated to have 4,796 features including 4,740 protein coding sequences. The genomes of

R. equi strains weralso reannotated usinthe RAST pipeline tallow an equivalence of
annotation. The Callgenome was found to share 4,166 genes with the Beei strains
(3,720 with bi-directional and 446 with uni-directional proBIPAST hits; Aziz et al. 2012).
It also shared an additional 128 genes with at leasRoegi strainbut notwith all three.
446 genes were specific B defluvii Cal that were absent in th equi genomes; 361 of
theseencode hypothetical proteins and six belong to mobile geslementstfansposase,
phage associated or mobile element protelBLAST search of 75 randomly selected
hypothetical proteinef R. defluvii againsthe NCBI protein database using default settings
revealechomologesfor most of thenwith hypotheticalproteins in other rhodococci or other
bacterial species (data not shoyinlicating that not all are unique Rodefluvii Call. The
remaining 79 genes specificRodefluvii Call (compared to thR. equi strains) can
typically be relatedo known metabolic activities (Table S1), including a gene encoding
alkylphosphonate utilization protein PhnA. Tipten operon gene products are involved in the
cleavage of carbephosphorus bonds in alkylphosponates (Chen et al. 1990). However, the
presence of thphnA gene in strain CaZls unlikely to be associated with phosphorus
removal in the bioreactdrom which it was isolatetiecause the other genes of this operon
are missingThree lomologs ofphnB and two homologs gdhnE genes were present
elsewhere in the Calfenome but thegreshared with th&. equi strains. A number of
other genes involved in phosphorus metabolismra@ommon betweeR. defluvii and the
threeR. equi strains.

An operon in the genome of straimTl' that encodes Ter familyroteirs (TerA,
TerB, TerClike and two TerD) and associated biosynthetic enzymes is absent from the

genomes of the thrde equi strains (Table S1). Comparable loci have previously been
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suggested to be involved in biosynthesis of nucledgidanetabolitefAnantharaman et al.
2012). The protein BLAST search revealed the presence of homologs of these gdms in ot
rhodococci and actinomycetes, suggesting a potential horizontal acquisition @behon by
R. defluvii. Alternatively, this operomay havebeen lost byR. equi as ithas adapted to a
pathogenic lifestyleTwo of thegenesspecificto R. defluvii Call (compared to thR. equi
strains)encode phospholipase C enzynféisospholipases C are the virulencedesthat
induce alveolar macrophage necrosis, resulting in cell death (Assis et al. R0 héred
above, most of the genes specific to strain Cahtode hypothetical proteins and it is
possible that some of these uncharactenm@etkeins contribute to functional variations
betweerR. defluvii andR. equi.

Rhodococci are generally involvedenvironmental processes such as the
degradation of organic and xenobiotic substarexaspt for the pathogeifs equi and
Rhodococcus fascians (Bell et al. 1998; Alvarez 2010). The pathogéy of thesetwo
species has been associated with the presence of large plasmids encoding viroteimse pr
(Takai et al. 2000 etek et al2008 Francis et al. 201 5tes et al. 2013). The virulence
plasmid inR. equi is 80-90 Kb in sizendcarries a pathogenicity island encoding virulence
associated proteins (Vap) while plasmid free strains were found to be avitdkat et al.
2000).A sequence BLAS-based functional comparisosing the SEED serv€Aziz et al.
2012) revealed the absence of Vap prote#ap@, G| proteins from plasmid pVAPA1037
and VapB, M from pVAPB1593 Letek et al. 2008) in théraft genome sequence Bf
defluvii, suggesting the absence of the viruleplesmid in strain CallHowever, 228 of the
243R. equi chromosomal virulenceelated genes defined hgteket al. (2010)are present
in strain Call (Table S2), including thesx cluster. Thepaa operon that was identified R
equi strain ATCC 33707 and which may be involved in pathogenesis in hy®angal et al.

2014) is absent fromR. defluvii strain Call The presence of a high proportion of virulence-
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related genes in the genome of strain Caligests that this organism nago have the
potential to colonise animal hosts. Indeed, it is noted that three additionalddattams
with 16S rRNA gene sequences identical to that of strain Gell/e been isolated from
salmon intestinesSkrodenyteArbaciauskiene,V& Virbickas T. Genbank accession
numbers HM244990, HM244992 and HM24399

A phylogenetic analysis was performed using PhyloPhlAn (Segata efLd). 20
including Rhodococcus erythropolis PR4 (Sekine et al. 20063¥hodococcus jostii RHAL
(McLeod et al. 2006 Nocardia brasiliensis ATCC 700358 VeraCabrera et al. 2012) and
Corynebacteriumdiphtheriae NCTC 05011 (Sangal et al. 2012) were used as outgroups.
PhyloPhlAn automatically extracts the sequencake00 most conserved universal
proteinsthatwere identifiedoy off-line preprocessing of all availablaicrobial genomes by
Segata et al.(2013). It generates highly ropastogenetic trees from a concatenated
alignmentof computationally selected subsetamhincacid sequencesith highest entropy
and an appropriarelative contribution of the most conserved residum® each protein
following amaximum likelihood maximizatioapproach (gamma model of rate
heterogeneityyith 20 bootstrap replicates using RAXML (Stamatakis 2006}).
PhyloPhlAnanalysis showed th& defluvii Call shared a phyletic lineith R. equi that
was relatively distant from the other rhodococci and firorasiliensis (Fig. 1). BLAST
based average nucleotide identities (ANIb) between the genorRedefifuvii CalT and the
R. equi strains were 82.96-83.25(Richter and Rossell6ra 2009) and average amino acid
identities (AAl) varied between 85.31-85.45%. The Alditd AAI values betweeR.
defluvii and the other rhodococdr.(jostii RHA1 andR. erythropolis PR4) were < 76% and
<72%, respectively. The digital DNENA hybridization (dDDH) distances were calculated
usingthe genometo-genome distance calculatartheGGDC 2.0 web servéAuch et al.

2010; Meier-Kolthoff et al. 2013 GGDC values mimiconventional DNABDNA
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hybridizationvaluesand have been shown to have very high correlation with 16S rRNA
sequence distancéauch et al. 2010; Meier-Kolthoff et al. 2013). GGDC 2.0 uses three
different formulae to calculate the distances and the results of formulaeh ads been
recommended for analysing draft genor(fasch et al. 2010), were considered in this study.
The dDDH values betwedr defluvii andR. equi strains C7, 103S and ATCC 33707 were
26.9 £ 3.02, 27 £ 3.02 and 27.1 £ 3.0@dspectively. Th&. defluvii genome showed lower
dDDH similarities withtheR. erythropolis PR4 (20.2 £ 2.73) ard. jostii RHA1 (20.7 £
2.81) genomes, valudéisatarecomparable to the dDDH distances frdlrbrasiliensis ATCC
00358 (20.4 = 2.63) an@. diphtheriae NCTC 0911 (21 + 2.53). Cumulativelyhése results
suggest thaR. defluvii is more closely related . equi than to other rhodococci, as
previously concluded from 16S rRNA gene sequence analysis (Kampfer et al. 2014).

In addition to the nomenclatural issues highlighted above, it has been propo$ed that
equi should be reclassified aBrescottella equi’ (Jones et al. 2013b; Jones et al. 2013a).
However, the genus namiérescottella’ cannot be validated until the Judicial Commission
reports on whether the species epitigei should be conserved ovawagii (Garrity 2014).
Based on the phylogenetic and genomic distances betvelefiuvii and the other
rhodococci (Fig. 1)R. defluvii could eventually be reclassified as a second species within
‘Prescottella’. However, this conclusion needs further support from analyses of a larger
collection of genomes d®hodococcus species.

In summary, we report the genome sequence of the type lttam recently
identified speciesR. defluvii strain Call The strain is phylogenetically closely relatedRto
equi strains with high similarities both #tenucleotide and functional levels. The whole
genome shotgun sequence has been deposited at DDBJ/EMBL/GenBank under therAccessi
number JPOCO00000000. The version described in this study is the first version,

JPOC01000000.
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