
Four novel Gram-negative, mesophilic, aerobic, motile, and 
cocci-shaped strains were isolated from tick samples (strains 
546T and 573) and respiratory tracts of marmots (strains 1318T 
and 1311). The 16S rRNA gene sequencing revealed that strains 
546T and 573 were 97.8% identical to Roseomonas wenyu-
meiae Z23T, whereas strains 1311 and 1318T were 98.3% iden-
tical to Roseomonas ludipueritiae DSM 14915T. In addition, 
a 98.0% identity was observed between strains 546T and 1318T. 
Phylogenetic and phylogenomic analyses revealed that strains 
546T and 573 clustered with R. wenyumeiae Z23T, whereas 
strains 1311 and 1318T grouped with R. ludipueritiae DSM 
14915T. The average nucleotide identity between our isolates 
and members of the genus Roseomonas was below 95%. The 
genomic G+C content of strains 546T and 1318T was 70.9% and 
69.3%, respectively. Diphosphatidylglycerol (DPG) and phos-
phatidylethanolamine (PE) were the major polar lipids, with 
Q-10 as the predominant respiratory quinone. According to 
all genotypic, phenotypic, phylogenetic, and phylogenomic 
analyses, the four strains represent two novel species of the 
genus Roseomonas, for which the names Roseomonas hae-
maphysalidis sp. nov. and Roseomonas marmotae sp. nov. are 
proposed, with 546T (= GDMCC 1.1780T = JCM 34187T) and 
1318T (= GDMCC 1.1781T = JCM 34188T) as type strains, 
respectively.

Keywords: Roseomonas haemaphysalidis, Roseomonas mar-

motae, tick, marmot, Qinghai-Tibet plateau

Introduction

The genus Roseomonas, belonging to the family Acetobac-
teraceae within the order Rhodospirillales, was originally pro-
posed in 1993 (Rihs et al., 1993), and emended in 2010 (Venkata 
Ramana et al., 2010). The cells of Roseomonas are non-spore 
forming, mesophilic, Gram-negative, cocci or coccoid-shaped, 
and non-motile (Kim et al., 2013), with pink, circular, pulvi-
nate, and smooth colonies (Tian et al., 2019). As of April 2021, 
the genus comprises 45 validly published and correctly named 
species (https://lpsn.dsmz.de/genus/roseomonas). Their pri-
mary cellular fatty acid is C18:1ω7c/C18:1ω6c, with diphospha-
tidylglycerol and phosphatidylethanolamine as dominant polar 
lipids and Q-10 as the major isoprenoid quinone (Sánchez- 
Porro et al., 2009; Kim et al., 2013; Tian et al., 2019). The ge-
nomic DNA G + C content of species in the genus Roseomonas 
ranges from 68.6 to 73.0% (Sánchez-Porro et al., 2009; Kim et 
al., 2013; Tian et al., 2019; Li et al., 2021).
  Although the majority of species of genus Roseomonas are 
non-pathogenic and have been isolated from several environ-
mental sources, such as air, marine, invertebrates, soil, water, 
copper alloy coins, skin, and plants (Shao et al., 2019), certain 
members are known to cause opportunistic infections in hu-
mans. For example, R. mucosa, although with low pathoge-
nicity to healthy humans and occasionally isolation from cli-
nical specimens, is an opportunistic pathogen, especially to 
immunocompromised individuals, causing spondylodiskitis, 
skin and soft tissue infections, septic arthritis, and bacteremia. 
In contrast, compared to other members of the genus, R. gil-
ardii has been commonly isolated from patients with leukemia 
and acute appendicitis (Mulita et al., 2020). Although rarely 
reported for unknown reasons (Dé et al., 2004), Roseomonas 
infection can be difficult to treat due to a high resistance rate 
(> 90%) to β-lactams (penicillin and piperacillin/tazobactam) 
(Ioannou et al., 2020).
  Ticks are parasitic arachnids that belong to the superorder 
Parasitiformes and are widely distributed globally, particularly 
in regions with warm and humid climates. Ticks feed on the 
blood of mammals, birds, and occasionally reptiles and am-
phibians (Guerrero et al., 2012). Previously, intracellular patho-
gens such as Anaplasmosis, Ehrlichia, and Rickettsia have 
been isolated from ticks (Dantas-Torres et al., 2012), with less 
focus on extracellular microorganisms. The Himalayan mar-
mots, living in the Himalayas and the Qinghai-Tibet pla-
teau at altitudes of 3,000 to 5,500 meters, are the reservoir 
of Yersinia pestis and coronavirus (Zhu et al., 2021).
  During our investigation on the microbial diversity of ticks 
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and marmots, four strains (546T, 573, 1311, and 1318T) be-
longing to the genus Roseomonas were isolated. The strain 
546T produces carotenoid, an important compound for the 
biotechnological and pharmaceutical industry (Yokoyama et 
al., 1996; Booth et al., 2017). Our polyphasic approach based 
on phenotypic, phylogenetic, phylogenomic, and chemotaxo-
nomic data revealed that the four strains are different from 
currently recognized species and could represent two novel 
species within the genus Roseomonas, for which the names 
Roseomonas haemaphysalidis sp. nov. and Roseomonas mar-
motae sp. nov. are proposed.

Materials and Methods

Isolation and identification
Ticks and marmots were sampled, respectively, from Qinghai 
Province in 2018 and Jiangxi Province in 2019 and trans-
ferred to our laboratory in Beijing. Ticks were washed thrice 
in 75% ethanol, once in phosphate-buffered saline (PBS, pH 
7.4), and ground in brain heart infusion (BHI) broth with 
Tissue Lyser II (Qiagen); the respiratory tracts of marmots 
were similarly treated. Next, about 100 μl of serially diluted 
homogenates was spread onto BHI plates with 5% sterile de-
fibered sheep blood. After 3 days, colonies were selected and 
purified, and subsequently conserved at -80°C in BHI with 
20% (v/v) glycerol for further identification. Based on 16S 
rRNA sequence similarities, R. wenyumeiae Z23T, R. ludipu-
eritiae DSM 14915T, and R. aerophila NBRC 108923T were 
selected for parallel comparison.

Morphological, physiological, and biochemical characteristics
R2A broth was used to determine the optimum growth by 
monitoring OD600 changes in our strains after inoculation. 
Growth at eight temperatures (4, 12, 20, 28, 35, 40, 45, and 
50°C), eight NaCl concentrations (0.5–7.5%, 1% intervals), 
and eight pH values (4–11, 1 intervals) was tested, respectively. 
Morphological and biochemical characteristics were subse-
quently examined under optimum conditions in R2A broth. 
Gram-staining was conducted using a Gram-staining kit as 
described in a previous report (Zhu et al., 2020). Spore for-
mation was studied using a nutrient sporulation medium 
(Lee et al., 2013). Anaerobic growth was tested under both air 
plus 5% CO2 and in an anaerobic incubator. The oxidase ac-
tivity and catalase activity were evaluated using 0.1% (w/v) 
tetramethyl-p-phenylenediamine and 3% (v/v) H2O2 solu-
tion for bubble production (Liu et al., 2020), respectively. The 
biomass cultured under optimum conditions in the R2A broth 
was used to examine the composition of fatty acids, isoprenoid 
quinones, and polar lipids. The polar lipids were identified 
using two-dimensional thin-layer chromatography (TLC) 
(Watanabe et al., 1997; Oh et al., 2020), and stained with nin-
hydrin (aminolipids), α-naphthol (glycolipids), Dittmer-Lester 
reagent (phospholipids), and molybdophosphoric acid (total 
polar lipids) (Kim et al., 2021). The major fatty acids of the 
isolates and closely related type strains were extracted and 
analyzed according to the protocol described in a previous 
report (Athalye et al., 1985; Zhu et al., 2019). The isoprenoid 
quinones were examined as described previously (Collins 

and Jones, 1981). The polyamine pattern was detected using 
high-performance liquid chromatography (HPLC) as pre-
viously reported (Kim et al., 2013). The isolates were bioche-
mically tested using API 50CH, 20NE, and ZYM strips fol-
lowing the instructions.

Genome extraction and sequencing
Genomic DNA of our isolates was extracted using the Wizard 
Genomic DNA Purification Kit. The 16S rRNA genes were 
amplified using primers 27F and 1492R as previously reported 
(Frank et al., 2008; Zhu et al., 2020), cloned into the pMD18-T 
vector, and subjected to Sanger sequencing. The 16S rRNA 
gene sequences were searched using BLASTN in the rRNA 
databases of NCBI and EzBioCloud servers (Yoon et al., 
2017a). Afterward, the genomes of strains 546T and 1318T were 
sequenced by coupling the Pacific Biosciences sequel platform 
with Illumina short-read sequencing platform. The draft ge-
nomes of strains 573 and 1311 were sequenced on the Illu-
mina platform. After filtering out the low-quality reads, the 
obtained clean data were de novo assembled using VELVET 
(Zerbino and Birney, 2008) and HGAP (Chin et al., 2013) with 
default parameters.

Genomic analysis
The DNA-DNA relatedness was calculated and compared 
using Genome-to-Genome Distance Calculator 2.1 (http:// 
ggdc.dsmz.de/) (Tao et al., 2020). The average nucleotide iden-
tity (ANI) values were determined by FastANI (Jain et al., 
2018). The genomes were annotated by Rapid Annotation 
using Subsystem Technology (RAST) (Aziz et al., 2008), and 
secondary metabolites were searched using antiSMASH (Blin 
et al., 2019). The antimicrobial resistance gene family was pre-
dicted using the Comprehensive Antibiotic Resistance Data-
base (Alcock et al., 2020).

Phylogenetic and phylogenomic analyses
The 16S rRNA gene sequences of all strains concerned were 
aligned using the ClustalW algorithm and applied to phylo-
genetic analyses using MEGA version X with the neighbor- 
joining (NJ), maximum-likelihood (ML), maximum-parsi-
mony (MP) algorithms (Kumar et al., 2018), respectively. The 
protein sequences of core genes of genomes from genus Ro-
seomonas were extracted using the CD-HIT software (Fu et 
al., 2012) based on 0.4 protein sequence similarity and aligned 
to reconstruct a phylogenomic tree using FastTree (Price et 
al., 2009).

Results and Discussion

Isolation and phenotypic characterization
The four novel strains were isolated from animals (ticks and 
marmots), similar to R. wenyumeiae Z23T (from Tibetan 
antelope). However, these were different from R. aerophila 
NBRC 108923T and R. ludipueritiae DSM 14915T of non- 
animal origin (Kämpfer et al., 2003; Kim et al., 2013). The cells 
were Gram-negative, non-spore forming, motile, and cocci- 
shaped with size ranging from 1.5 to 1.9 μm for strain 546T, 
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and 1.7 to 2.1 μm for strain 1318T (Supplementary data Fig. 
S1), similar to the size of R. wenyumeiae Z23T but greater 
than that of R. aerophila NBRC 108923T and R. ludipuer-
itiae DSM 14915T (Kämpfer et al., 2003; Kim et al., 2013). 
Colonies were circular, smooth, and orange (strains 546T and 
573) or white (strains 1318T and 1311) after 3 days of growth 
on R2A plates. The four strains were catalase- and oxidase- 
positive. The growth was observable in the presence of 0.5 to 
3.5% (w/v) NaCl (optimum, 0.5%) and at pH 6.0 to 9.0 (op-
timum, 8.0). The temperature ranges for growth were 4 to 
45°C (optimum, 28°C) for strains 546T and 573, and 4 to 35°C 
(optimum, 28°C) for strains 1318T and 1311. All four strains 
could grow optimally under mesophilic conditions, and no 
growth was observed under anaerobic conditions. The orange 
colonies of strains 546T and 573 and white colonies of strains 
1311 and 1318T (similar to R. aerophila NBRC 108923T) were 
distinct among all strains (Table 1). Our isolates were able 
to grow at 4°C, similar to R. aerophila NBRC 108923T but 
differed from R. wenyumeiae Z23T and R. ludipueritiae DSM 
14915T (Table 1).
  The biochemical characteristics indicated that strains 546T 

and 573 produced acids from D-arabinose, L-arabinose, D- 
fructose, D-fucose, L-fucose, D-lyxose, D-ribose, and D-xylose. 
Enzymatic activities of strains 546T and 573 were positive for 
esterase (C4), esterase lipase (C8), leucine arylamidase, and 
α-glucosidase. Strains 1318T and 1311 produced acids from 
D-arabinose, L-arabinose, D-fucose, and L-fucose, D-lyxose, 
D-melibiose, L-rhamnose, D-ribose, D-xylose, and L-xylose, 
but variable from D-fructose. Strains 1318T and 1311 were 
positive for esterase (C4) and leucine arylamidase activities. 
However, the four strains could not produce acid from gly-
cerol, erythritol, D-adonitol, D-galactose, D-glucose, D-man-
nose, L-sorbose, dulcitol, inositol, D-mannitol, D-sorbitol, 
amygdalin, arbutin, esculin, D-maltose, D-lactose, glycogen, 
D-arabitol, or L-arabitol. In addition, the enzymatic activi-
ties of all four strains were negative for lipase (C14), valine 
arylamidase, cysteine arylamidase, trypsine arylamidase, α- 

galactosidase, β-galactosidase, β-glucuronidase, β-glucosi-
dase, α-fucosidase, or α-mannosidase. The summarized bio-
chemical traits in Table 1 indicated that all four novel strains 

could not produce acid from glycerol, D-glucose, or D-man-
nitol, contrary to their three closest relatives. Strains 546T 
and 573 were weakly positive for esterase lipase (C8) but 
unable to produce acid from L-xylose or methyl β-D-xylopy-
ranoside, opposite to all other strains across Table 1. Similarly, 
strains 1311 and 1318T were positive for nitrate reduction and 
negative for urease in marked contrast to all other strains 
(Table 1).

Phylogenetic analysis
A comparison against the EzTaxon-e database of new and 
almost-complete 16S rRNA gene sequences (all 1,452 bp) 
revealed that strains 546T, 573, 1311, and 1318T were most 
closely related to the representatives of the genus Roseomonas. 
Strains 546T and 573 were closest to R. wenyumeiae Z23T 
(97.8% of 16S rRNA gene identity), whereas strains 1311 and 
1318T were closest to R. ludipueritiae DSM 14915T (98.3%). 
The identity between strains 546T and 1318T was 98.0%. These 
values were lower than 98.7%, the generally accepted thre-
shold for species (Rossi-Tamisier et al., 2015), suggesting that 
the four isolates represented two novel species.
  The 16S rRNA gene sequences of all type strains from the 
genus Roseomonas were aligned and subjected to phyloge-
netic analyses with NJ, ML, and MP algorithms, respectively. 
The treeing results (Fig. 1; Supplementary data Figs. S2 and 
S3) revealed that strains 546T, 573, 1311, and 1318T belonged 
to the genus Roseomonas, forming independent clusters, re-
spectively, with R. wenyumeiae Z23T and R. ludipueritiae 
DSM 14915T with high bootstrap values.

Genome characteristics
The sequencing results showed that each genome comprised 
one circular chromosome with either seven plasmids (strain 

Table 1. Differential biochemical properties that distinguish our isolates from the closely related type strains of the genus Roseomonas
Strains: 1, Roseomonas haemaphysalidis 546T; 2, Roseomonas haemaphysalidis 573; 3, Roseomonas marmotae 1311; 4, Roseomonas marmotae 1318T; 5, R. 
wenyumeiae Z23T; 6, R. ludipueritiae DSM 14915T; 7, R. aerophila NBRC 108923T. –, negative; +, positive; w, weak. All data are from this study.

Strains 1 2 3 4 5 6 7
Colony colour Orange Orange White White Pink Pink White
Motility + + + + + – +
Temperature range (°C) 4–45 4–45 4–35 4–35 20–37 20–45 4–40
API 50CH

Glycerol – – – – + + +
D-Glucose – – – – + + +
D-Mannitol – – – – + + +
D-Saccharose – – – – – – +
L-Rhamnose – – + + + + –
L-Xylose – – + + + + +
Methyl β-D-xylopyranoside – – + + + + +

API ZYM
Esterase lipase (C8) w w – – – – –
α-Glucosidase + + – – – – +

API 20NE
Nitrate reduction – – + + – – –
Urease + + – – + + +
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546T) or nine plasmids (strain 1318T). The draft genomes of 
strains 573 and 1311 were derived from 29 and 101 contigs, 
respectively. The genomic characteristics (G + C content, 
number of genes, size, etc.) compared with their closest rel-

atives (Table 2) demonstrated that our isolates had smaller 
genomes (therefore fewer genes) and fewer pseudogenes, and 
strains 546T and 573 had a slightly higher G + C content than 
other compared strains.

Fig. 1. Neighbor-joining phylogenetic tree 
based on nearly complete 16S rRNA gene 
sequences showing the relationships be-
tween our isolates and the type strains of the 
genus Roseomonas. Bootstrap values (70%) 
based on 1,000 replicates are shown at branch
nodes, with Rhodovibrio salinarum DSM 
9154T as an outgroup. Bar, 0.02 changes per
nucleotide position. Strains from this study
are highlighted in bold.
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  Annotation of the complete genomes of strains 546T and 
1318T on the RAST server exhibited that only 27% of genes 
were categorized into 25 subsystems for strain 546T and 24 
subsystems for strain 1318T, whereas 73% of genes remained 

to be categorized into any subsystem (Supplementary data Fig. 
S4). Both genomes of strains 546T and 1318T contained four 
major subsystems for amino acids and derivatives, protein 
metabolism, carbohydrates, and cofactors/vitamins/prosthetic 

Fig. 2. Phylogenomic tree based on 238 core genes of the genus Roseomonas. Strains from this study are highlighted in bold. The outgroup is Rhodovibrio 
salinarum DSM 9154T.

Table 2. Genome features of strains 546T, 573, 1311, 1318T, and their closest relatives of genus Roseomonas
Strains: 1, Roseomonas haemaphysalidis 546T; 2, Roseomonas haemaphysalidis 573; 3, Roseomonas marmotae 1311; 4, Roseomonas marmotae 1318T; 5, R. 
wenyumeiae Z23T; 6, R. ludipueritiae DSM 14915T; 7, R. aerophila NBRC 108923T. –, absence.

Characteristics 1 2 3 4 5 6 7
Size (Mb) 3.8 4.9 4.8 3.6 6.1 5.4 5.7
Contigs 1 29 104 1 196 394 140

Plasmids 7 – – 9 – – –
N50 (bp) 3,777,460 287,631 190,323 3,565,232 179,822 26,901 86,979

Number of genes 3,533 4,581 4,535 3,379 5,747 5,297 5,095
Pseudogenes 44 39 72 92 151 211 140

G + C content (%) 70.9 70.3 68.9 69.3 68.6 68.8 68.9
rRNA 9 6 5 12 4 4 3
tRNA 50 48 47 52 48 44 45

Other RNA 4 4 4 4 6 4 4
The GenBank/EMBL/DDBJ accession numbers of plasmids for strains 546T and 1318T were CP061178-CP061184 and CP061092-CP061100, respectively.
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groups/pigments. One of the noticeable genetic differences 
between strains 546T and 1318T was that the former had 12 
genes for iron acquisition and metabolism but none in the 
latter, suggesting that strain 546T had the advantage in an 
iron-deprived environment, e.g., tick’s body (Brown et al., 
2002; Grosse et al., 2006). Another remarkable difference was 
the flagellum gene operon in the chromosome of strain 546T, 
which contrasted with strain 1318T in one of the plasmids 
p1318-2 (accession no. CP061093.1), which was consistent 
with zero genes in the chromosome of strain 1318T for mo-
tility and chemotaxis (Supplementary data Fig. S4B). Genes 
related to β-lactamase and resistance to fluoroquinolones 
were identified in both novel strains (with relatively detailed 
discussion in the Antibiotic Resistance part).
  The prediction of potential secondary metabolites by anti-
SMASH from strains 546T and 1318T showed that the ge-
nome of strain 546T contained a gene cluster (position from 
1,039,373 to 1,085,978) coding for carotenoid biosynthesis 
(conferring the colonies a distinct orange color), completely 
identical to that of Enterobacteriaceae bacterium DC404 (Gen-
Bank accession: DQ090834.1) and 70% similarity to that of 
Brevundimonas vesicularis (GenBank accession: DQ309446.1). 
Similarly, the genome of strain 1318T carried a gene cluster 
(position from 1,298,531 to 1,323,217) coding for (2R,3S,3'S)- 
2-hydroxyastaxanthin biosynthesis, with 83% similarity to 
that of Paracoccus haeundaensis (GenBank accession: AY-
957386.1).

Phylogenomic analysis
Based on 0.5 protein identity, orthologous groups of 238 core 
genes shared by our isolates and all available genomes of 
the genus Roseomonas were extracted and used to build a phy-
logenomic tree (Fig. 2). This pangenomic tree revealed that 
strains 546T, 573, 1318T, and 1311 grouped with R. wenyu-
meiae Z23T and R. ludipueritiae DSM 14915T, a result iden-
tical to that of phylogenetic trees based on 16S rRNA gene 
sequences.

Genomic relatedness and pangenome analysis
We next calculated genome-to-genome distances using ANI 
and digital DNA–DNA hybridization (dDDH). The dDDH 
scores within each strain pair were 99.9% (strains 546T and 
573) and 99.7% (strains 1318T and 1311), well above the species 
threshold. In contrast, the scores of our isolates with their 
closest relatives were far below 70% (Richter and Rosselló- 
Móra, 2009), the cutoff for species demarcation (Fig. 3). The 
ANI values within each pair were 99.9%, in contrast to 95% 
(Yoon et al., 2017b) (Fig. 3) between our isolates and all es-
tablished species of Roseomonas. These results suggested that 
strains 546T, 573, 1318T, and 1311 represented two novel spe-
cies of the genus Roseomonas.
  The differences in coding proteins when comparing genomes 
of R. wenyumeiae Z23T, R. ludipueritiae DSM 14915T, and 
strains 546T, 573, 1318T, and 1311 are shown in Fig. 4A. The 
genomes of strains 546T and 573 were most closely related 

Fig. 3. Heat map showing ANI (lower diagonal) and dDDH (upper diagonal) values between our isolates and the members of the genus Roseomonas.
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to those of strains 1318T and 1311. Pangenome analysis of 
these four newly obtained genomes represented by Venn di-
agrams (Fig. 4B) illustrated that together with the two ge-
nomes of their closest relatives, there were 1,419 orthologous 
clusters, containing seven core clusters (GO accession num-
bers: 0030288, 0005886, 0009236, 0055072, 0006189, 0019284, 
and 0006814) and including 140 proteins.

Antibiotic resistance and pathogenicity
Antibiotic resistance was evaluated using the E-test and de-
monstrated that strains 546T, 573, 1318T, and 1311 were re-
sistant to four types of antibiotics, aminoglycosides (amikacin 
and gentamicin), tetracyclines, β-lactams (cefepime, ceftri-
axone, meropenem, and oxacillin), and quinolones (cipro-
floxacin), a pattern distinct from R. wenyumeiae Z23T, which 

was sensitive to gentamicin and ciprofloxacin (Tian et al., 2019). 
In addition, strains 546T and 573 were moderately resistant 
to chloramphenicol. A part of our results is consistent with a 
previous report showing that Roseomonas species are highly 
resistant to β-lactams (Ioannou et al., 2020). An antimicro-
bial resistance (AMR) gene family was found in strains 546T 
(3,180 bp) and 1318T (3,168 bp) using the Comprehensive 
Antibiotic Resistance Database, which showed 82% nucleo-
tide similarity with each other and 90.0% and 91.2% amino 
acid identity to that of R. pecuniae, respectively. It also re-
vealed a gene encoding the multidrug (quinolone and tet-
racycline) efflux RND transporter permease subunit.
  Roseomonas species can cause opportunistic infections in 

immunocompromised individuals. The genomes of tick-de-
rived strains 546T and 573 contained several virulence genes 
that encoded lipopolysaccharide (LPS), flagella, capsule, he-
molysin, urease, type secretion system (T3SS), and type 
IV secretion system (T4SS) effectors. They could be partici-
pating in bacterial pathogenicity, such as adhesion, hemolysis, 
resistance, and transportation of virulence factors (Tosi et 
al., 2013; Pechstein et al., 2020). Further studies should pay 
more attention to this aspect.

Chemotaxonomic properties
C18:1ω7c and C16:1ω7c/C16:1ω6c were the two major fatty 
acids shared by all four isolates with C16:0 predominant in 
strains 546T and 573, and C19:0 cyclo ω8c in strains 1311 and 
1318T (Table 3). Compared to their three closest neighbors 
(excluding R. aerophila NBRC 108923T), strains 546T and 
573 had more C16:0 and C18:1ω7c but less C19:0 cyclo ω8c and/or 
even none of C14:0 2-OH. Strains 1311 and 1318T had more 
C16:1ω7c/C16:1ω6c than all other strains as shown in Table 3. 
In addition, the rare fatty acid C18:1 2-OH was detected in 
four novel strains and three reference strains with varying 
content (Table 3). The respiratory quinone analyses revealed 
that strains 546T and 1318T shared the same set of quinones, 
with an almost equal amount of Q-10 (91.4% vs. 93.3%), Q-9 
(6.0% vs. 4.8%) and Q-8 (2.6% vs. 2.0%), more or less sim-
ilar to R. aerophila NBRC 108923T and R. ludipueritiae DSM 
14915T with predominant Q-10 and others unspecified (Kämp-
fer et al., 2003; Kim et al., 2013). However, these were different 

(A) (B)

Fig. 4. Comparative analysis among the genomes of R. wenyumeiae Z23T, R. ludipueritiae DSM 14915T, and strains 546T, 573, 1318T, and 1311. (A) Pangenome 
analysis. The inner-most slot (purple) shows the constructed pangenome. (B) Venn diagram showing the number of shared and unique orthologous genes.
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from R. wenyumeiae Z23T with 100% of Q-10 (Tian et al., 
2019). Analyses of polyamine pattern revealed that all four 
strains contained spermidine as the major component, which 
is the common trait in the genus Roseomonas (Tian et al., 
2019).
  Although certain unidentified phospholipids and lipids in 
strains 546T and 1318T were not exactly at the same position 
(Supplementary data Fig. S5), their polar lipid profiles shared 
diphosphatidylglycerol (DPG), phosphatidylethanolamine 
(PE), phosphatidylglycerol (PG), and phosphatidylcholine 
(PC) with their closest relatives. In comparison, the two novel 
type strains lacked aminolipid (vs. all others) and amino-
phospholipid (vs. R. wenyumeiae Z23T) but had more/less 
unidentified phospholipids (5 vs. 2 in R. wenyumeiae Z23T 
and none in the other two) and lipids (2 vs. 10 in R. ludipue-
ritiae DSM 14915T and none in R. aerophila NBRC 108923T).

Taxonomic conclusion
Altogether, the aforementioned biochemical, chemotaxonomic, 
phenotypic, phylogenetic, and phylogenomic differences pro-
vide sufficient evidence to distinguish our four isolates from 
their closely related type strains. These results reveal them as 
two novel species of the genus Roseomonas. With 546T and 
1318T as the type strains, we suggest the names Roseomonas 
haemaphysalidis sp. nov. and Roseomonas marmotae sp. nov. 
for the two novel members of the genus Roseomonas.

Description of Roseomonas haemaphysalidis sp. nov.
Roseomonas haemaphysalidis (hae.ma.phy.sa’li.dis. N.L. gen. 
n. haemaphysalidis, of a tick of the genus Haemaphysalis).
  The cells are Gram-negative, non-spore forming, catalase- 
and oxidase-positive, mesophilic, motile, and cocci-shaped 
with sizes between 1.5 and 1.9 μm. The colonies are orange, 
circular, and smooth with sizes between 1.0 and 1.3 mm after 
3 days of growth. They can produce acid from D-arabinose, 
L-arabinose, D-fructose, D-fucose, L-fucose, D-lyxose, D-ri-
bose, and D-xylose, but not from glycerol, erythritol, D-ado-
nitol, D-galactose, D-glucose, D-mannose, L-sorbose, dulcitol, 
inositol, D-mannitol, D-sorbitol, amygdalin, arbutin, esculin, 
D-maltose, D-lactose, glycogen, D-arabitol, or L-arabitol. Enzy-
matic activities are positive for esterase (C4), esterase lipase 
(C8), leucine arylamidase, α-glucosidase, but negative for 
lipase (C14), valine arylamidase, cysteine arylamidase, tryp-
sine arylamidase, α-galactosidase, β-galactosidase, β-glucu-

ronidase, β-glucosidase, α-fucosidase, and α-mannosidase. 
They are positive for urea hydrolysis. C18:1ω7c, C16:1ω7c/C16:1ω6c, 
and C16:0 are the predominant fatty acids, DPG and PE are 
the major polar lipids, and Q-10 is the primary respiratory 
quinone. The major polyamine is spermidine.
  The type strain 546T (= GDMCC 1.1780T = JCM 34187T), iso-
lated from Haemaphysalis longicornis collected from Jiangxi 
Province of China, has a DNA G + C content of 70.9%. Strain 
573 is also classified in this species. The GenBank/EMBL/ 
DDBJ accession numbers of strains 546T and 573 are MW-
405824 and MW405823 (16S rRNA gene), and CP061177 
and JACTNG000000000 (genome), respectively.

Description of Roseomonas marmotae sp. nov.
Roseomonas marmotae (mar.mo'tae. N.L. fem. n. marmotae, 
referring to strain isolation from Marmota himalayana).
  The cells are Gram-negative, catalase- and oxidase-positive, 
non-spore forming, mesophilic, motile, and cocci-shaped with 
sizes between 1.7 and 2.1 μm. The colonies are white, circular, 
and smooth with sizes between 0.7 and 0.9 mm after 3 days of 
growth. They can produce acid from D-arabinose, L-arabinose, 
D-fucose, and L-fucose, D-lyxose, D-melibiose, L-rhamnose, 
D-ribose, D-xylose, L-xylose, and D-fructose (variable), but 
not from glycerol, erythritol, D-adonitol, D-galactose, D-glu-
cose, D-mannose, L-sorbose, dulcitol, inositol, D-mannitol, 
D-sorbitol, amygdalin, arbutin, esculin, D-maltose, D-lactose, 
glycogen, D-arabitol, or L-arabitol. In addition, enzymatic ac-
tivities are positive for esterase (C4) and leucine arylamidase, 
but negative for lipase (C14), valine arylamidase, cysteine ary-
lamidase, trypsine arylamidase, α-galactosidase, β-galacto-
sidase, β-glucuronidase, β-glucosidase, α-fucosidase, and α- 
mannosidase. Nitrate reduction is positive. C18:1ω7c, C16:1ω7c/ 
C16:1ω6c, and C19:0 cyclo ω8c are the predominant fatty acids, 
DPG and PE are the major polar lipids, and Q-10 is the pri-
mary respiratory quinone. The major polyamine is spermi-
dine.
  The type strain 1318T (= GDMCC 1.1781T = JCM 34188T), 
isolated from the respiratory tract of marmot collected from 
the Qinghai Tibet plateau of China, has a DNA G + C con-
tent of 69.2%. Strain 1311 is also classified in this species. The 
GenBank/EMBL/DDBJ accession numbers of strains 1318T 
and 1311 are MW410945 and MW410944 (16S rRNA gene), 
and CP061091 and JACTNF000000000 (genome), respectively.

Table 3. Cellular fatty acid contents (> 1%) of our isolates and the closely related type strains of the genus Roseomonas
Strains: 1, Roseomonas haemaphysalidis 546T; 2, Roseomonas haemaphysalidis 573; 3, Roseomonas marmotae 1311; 4, Roseomonas marmotae 1318T; 5, R. 
wenyumeiae Z23T; 6, R. ludipueritiae DSM 14915T; 7, R. aerophila NBRC 108923T. –, less than 1%. All data are from this study.

Strains 1 2 3 4 5 6 7
C14:0 1.2 1.4 1.9 2.1 4.5 2.9 1.1
C14:0 2-OH – – 5.9 5.7 4.5 5.6 –
C16:1ω7c/C16:1ω6c 15.5 16.5 22.4 22.1 18.0 7.7 8.2
C16:1ω5c 3.4 3.2 6.6 5.9 8.3 4.6 3.5
C16:0 17.6 17.7 6.5 7.4 7.8 11.4 10.6
C16:0 3-OH 2.5 – 2.0 1.8 1.8 – 1.1
C17:0 cyclo – 1.4 2.4 2.8 2.2 – –
C18:1ω7c 43.7 44.2 33.9 32.9 29.7 36.7 52.7
C17:0 iso 3-OH 1.9 – 2.5 – 4.7 3.2 2.5
C19:0 cyclo ω8c 3.1 3.2 11.0 12.6 10.6 10.6 8.2
C18:1 2-OH 7.0 7.6 2.5 2.1 2.0 13.0 5.9
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