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GGDC	� Genome-to-genome distance calculator
ANI	� Average nucleotide identity
AAI	� Average amino acid identity
MA	� Marine agar 2216
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Introduction

The genus Shimia, first described by Choi and Cho [1], 
belongs to the family Roseobacteraceae in the class Alp-
haproteobacteria. At the time of writing, the genus Shimia 
contained 13 validly published species (​h​t​t​p​​s​:​/​​/​l​p​s​​n​.​​d​s​m​​z​.​
d​e​​/​g​e​​n​u​s​​/​s​h​i​m​i​a), five of which were reclassified: ​P​s​e​u​d​o​
p​e​l​a​g​i​c​o​l​a gijangensis as Shimia gijangensis comb. nov. 
[2]; Thalassobius abyssi, Thalassobius aestuarii and Tha-
lassobius aquaeponti as Shimia abyssi comb. nov., Shimia 
aestuarii comb. nov. and Shimia aquaeponti comb. nov. [3]; 
Pelagicola litoralis as Shimia litoralis comb. nov. [4]. Shi-
mia species inhabit diverse marine environments, includ-
ing coastal fish farms [1], seawater [2, 5, 6], sea sediments 
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Abstract
A Gram-stain-negative, obligately aerobic, beige and ovoid bacterium, designated strain SDUM112013T, was isolated from 
intertidal sediments of Xiaoshi Island, Weihai, China. Growth occurred at 20–37 °C (optimal 28–35 °C), at pH 6.0–9.0 
(optimal pH 7.0), in the presence of 1–7% (w/v) NaCl (optimal 3–4%). Based on 16S rRNA gene sequence comparisons, 
strain SDUM112013T showed highest similarity to Shimia sediminis KCTC 62578T (98.12%), followed by Shimia aes-
tuarii JCM 14332T (97.91%). Phylogenetic analysis confirmed its affiliation within the genus Shimia. The digital DNA-
DNA hybridization (dDDH) values between strain SDUM112013T and S. aestuarii JCM 14332T (20.5%), S. marina JCM 
13038T (19.70%) were significantly below the 70% species threshold. Consistently, average nucleotide identity (ANI) 
values between strain SDUM112013T and S. aestuarii JCM 14332T (75.82%), S. marina JCM 13038T (73.10%) also fell 
below the novel species boundary (95%). The genome of strain SDUM112013T (3,823,137  bp; G + C content 59.8%) 
contained a complete ectoine biosynthesis (M00033) pathway, and represents the first characterized member of the genus 
Shimia possessing this genetic trait, potentially reflecting unique adaptive evolution. Chemotaxonomic analysis identified 
ubiquinone-10 as the sole respiratory quinone. Major fatty acids (> 5.0%) included C16:0, C17:0, C18:1 ω7c 11-methyl and 
summed feature 8 (C18:1 ω7c and/or C18:1 ω6c). Polar lipids were consisted of phosphatidylglycerol, phosphatidyldimeth-
ylethanolamine diphosphatidylglycerol and phos-phatidylethanolamine. Based on the evidence presented in this study, 
strain SDUM112013T represents a novel species of the genus Shimia, for which the name Shimia fortis sp. nov. is pro-
posed. The type strain is SDUM112013T (= KCTC 8307T = MCCC 1H01481T).
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[7–9], even reef-building coral [10] and marine animals [11, 
12]. Members of the genus Shimia are defined as Gram-
stain-negative, rod-shaped, comprised of ubiquinone-10 
(Q-10) as the predominant quinone, with high proportion of 
C18:1 ω7c or summed feature 8 (C18:1 ω7c and/or C18:1 ω6c), 
and DNA G + C content ranging from 54.9 to 61.2% [13]. 
Notably, the recently described Shimia ponticola uniquely 
harbors bacteriochlorophyll-a (BChla)-based photosyn-
thetic capacity [14], a trait previously unreported in this 
genus. In this paper, we characterize a novel strain, desig-
nated SDUM112013T, isolated from intertidal sediments of 
Xiaoshi Island, Weihai, China. Based on polyphasic taxo-
nomic analysis, we propose that strain SDUM112013T rep-
resents a novel species of the genus Shimia.

Materials and Methods

Bacterial Isolation and Cultivation

Strain SDUM112013T was isolated from intertidal sedi-
ments of Xiaoshi Island, Weihai, China (37° 33′ 57.60′′ N, 
122° 01′ 2.50′′ E) in November 2019. For bacterial isolation, 
an enrichment culture technique was employed by incubat-
ing sediment samples (20 g) in separate 500-mL sealed 
glass bottles containing low-nutrient medium (consisting 
of 0.1% NH4Cl, 0.2% CH3COONa, 0.02% MgSO4·7H2O, 
0.02% yeast extract, 0.02% peptone, 0.1% EDTA-Na2, and 
0.11% sodium pyruvate in seawater) at 33 °C for 30 days 
[15]. Enrichment cultures were 10-fold serially diluted to 
10− 2 with sterile seawater and 100 µL aliquot of each dilu-
tion was spread onto the surface of marine agar 2216 (MA; 
Becton Dickinson). After 14-day incubation at 33 °C, a 
pure culture designed strain SDUM112013T was obtained 
by purification process. The strain SDUM112013T was 
stored at −80 °C in sterile 1% (w/v) saline supplemented 
with 15% (v/v) glycerol. The type strains Shimia aestuarii 
JCM 14332T (obtained from Japan Collection of Microor-
ganisms, Japan) and Shimia marina JCM 13038T (obtained 
from Japan Collection of Microorganisms, Japan) were used 
as reference strains.

Phenotypic, Physiological, and Biochemical 
Characteristics

The morphological and physiological features of strain 
SDUM112013T were examined after 5-day incubation on 
MA plates at 33 °C; unless otherwise indicated, a 5-day cul-
tivation period at 33 °C was routinely used for experiments 
with the strain SDUM112013T. Cell morphology and size 

were observed by light microscopy (E600, Nikon) and scan-
ning electron microscopy (model Nova NanoSEM450, FEI). 
For scanning electron microscopy preparation, exponential-
phase cells were washed with phosphate buffered saline 
(PBS, 0.1 M), resuspended to a standardized concentration, 
and fixed with 2.5% glutaraldehyde (1:1 v/v) at 4 °C for over 
4 h. Fixed cells were deposited on glass slides, gently heat-
dried over an alcohol lamp flame, and dehydrated through 
a graded ethanol series (50%, 70%, 80%, 90% and 100%; 
8–10 min per step) before oven drying. The Gram reaction 
was determined using the method described by Tindall [16]. 
Gliding motility was examined on MA (0.3% agar) accord-
ing to the method described by Bowman [17]. Growth range 
and optimum of temperature were investigated at various 
temperatures (0, 4, 10, 15, 20, 25, 28, 30, 33, 37, 40, and 
45 °C). Salt tolerance was tested in the medium (0.1% yeast 
extract, 0.5% peptone and 1.8% agar), with artificial sea-
water (0.32% MgSO4, 0.23% MgCl2, 0.12% CaCl2, 0.07% 
KCl and 0.02% NaHCO3, all w/v) and containing different 
concentrations of NaCl (0, 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 7, 8, 
9, 10, 11, and 12%, w/v). The pH range (from pH 5.5 to 9.5, 
in 0.5 intervals) and optimal pH for growth were evaluated 
in marine broth 2216 (MB; Becton Dickinson) buffered with 
MES (pH 5.5 and 6.0), PIPES (pH 6.5 and 7.0), HEPES 
(pH 7.5 and 8.0), Tricine (pH 8.5), and CAPSO (pH 9.0 and 
9.5). Growth under anaerobic (10% H2, 10% CO2, and 80% 
N2) conditions was determined after incubation for 14 days 
on MA in an anaerobic jar with 0.1% (w/v) KNO3. Cata-
lase activity was detected by adding 3% (v/v) H2O2 to the 
plate with fresh colonies. Antibiotic susceptibility of strain 
SDUM112013T was investigated by disk diffusion method 
as described previously on MA plates after 7-day incubation 
at 33 °C [18]. Hydrolysis Tweens (20, 40, 60, and 80), agar, 
DNA, alginate, starch, casein and Carboxymethyl-cellulose 
(CM-cellulose) followed Smibert and Krieg [19]. Addi-
tional physiological and biochemical characteristics and 
enzyme-producing activity were determined using API 20E 
and API ZYM kits (bioMérieux) according to the manufac-
turer’s instructions. Acid production from carbohydrates 
was checked by using the API 50CH fermentation kits (bio-
Mérieux). Oxidation of substrate was examined in Biolog 
GEN Ⅲ MicroPlates. All API tests were performed accord-
ing to the manufacturer’s instructions (except for salinity, 
which was adjusted to 3%).

16S rRNA Gene Sequence Analysis

The 16S rRNA gene was amplified by PCR using the Taq 
DNA polymerase with the universal primers 27F and 1492R 
[20]. An initial 1,328-bp 16S rRNA gene sequence of strain 
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SDUM112013T (Genbank accession number: PP555935) 
was obtained by RuiBiotech (Qingdao, China). Subse-
quently, a 1,464-bp 16S rRNA gene sequence (Genbank 
accession number: PP892595) extracted from the genome, 
demonstrated 100.0% identity to the PCR fragment over 
their comparable regions in NCBI BLAST analysis and 
was employed for phylogenetic analysis and comparative 
analyses. Both 16S rRNA gene sequences were deposited 
in GenBank and compared in the National Centre for Bio-
technology Information (NCBI) GenBank database ​(​​​h​t​t​p​s​
:​/​/​w​w​w​.​n​c​b​i​.​n​l​m​.​n​i​h​.​g​o​v​​​​​) and the EzBioCloud databases 
(https://www.ezbiocloud.net/) for preliminary ​c​o​n​f​i​r​m​a​t​i​o​
n of taxonomic status. The 16S rRNA gene sequence simi-
larities were calculated using the EzBioCloud Database 
[21]. Multiple sequences were aligned using the CLUST-
ALW program [22]. Phylogenetic analysis utilized MEGA 
11 [23–25] with three approaches: neighbor-joining (NJ) 
under the Kimura 2-parameter model, maximum-likelihood 
(ML) with the general time reversible + gamma + invari-
ant (GTR + G + I) model and maximum-parsimony (MP) 
using subtree-pruning-regrafting (SPR) heuristic search. 
Bootstrap support was evaluated with 1,000 replicates for 
all tree topologies.

Chemotaxonomic Characterization

In order to determine the chemotaxonomic properties, cells 
of strain SDUM112013T were cultivated in MB medium at 
28°C for 3 days, harvested by centrifugation, and freeze-
dried. Fatty acids were extracted from 30 mg of freeze-dried 
biomass, methyl-esterified, and analyzed by the Agilent 
6890N gas chromatograph with the Microbial Identifica-
tion System (MIDI database: TSBA40) [26]. Respiratory 
quinones were obtained using a silica-gel TLC plate and 
analyzed by HPLC [27]. Polar lipids were extracted using a 
chloroform-methanol-water system (2.5:5:2, v/v/v) accord-
ing to the procedures described by Liang and Xu with two-
dimensional TLC silica-gel aluminium-backed thin-layer 
plates (8 × 8 cm) [28]. The TLC plates were sprayed with 
phosphomolybdic acid with 5% in ethanol to reveal total 
lipids, α-naphthol/H2SO4 to reveal glycolipids, phosphate 
to reveal phospholipids and ninhydrin to reveal aminolipids 
[29].

Genomic Analysis

Genomic DNA of strain SDUM112013T was extracted by 
using a genomic DNA extraction kit (Takara) according to 
the manufacturer’s recommendations. The draft genome 

sequence of strain SDUM112013T was sequenced on the 
Illumina HiSeq PE150 platform at Beijing Novogene Bio-
informatics Technology (Beijing, China). The genome 
sequence was deposited in the GenBank database, following 
quality assessment using BUSCO with the bacteria_odb10 
database [30]. The phylogenomic tree was inferred using 
the Genome Taxonomy Database Toolkit (GTDB-Tk) pipe-
line [31]. Within this pipeline, the 120 bacterial core marker 
genes were aligned with HMMER and resulting concate-
nated alignment was used for phylogenetic inference with 
IQ-TREE under the GTR + F + I + G4 model, with node 
support assessed through 1,000 bootstrap replicates. The 
resultant tree was visualized by the ChiPlot [32]. Genome 
annotation was conducted through the NCBI Prokaryotic 
Genome Annotation Pipeline, supplemented by KEGG 
metabolic pathway analysis [33]. Protein-coding regions 
were identified via the Rapid Annotations using Subsys-
tem Technology (RAST) server [34]. Functional categori-
zation utilized eggNOG-mapper (​h​t​t​p​​:​/​/​​w​w​w​.​​e​g​​g​n​o​​g​-​m​a​​
p​p​e​​r​.​e​​m​b​l​.​d​e​/) for Clusters of orthologous groups (COGs) 
[35], and dbCAN2 for carbohydrate-active enzyme anno-
tation [36]. Reference genomes were obtained from NCBI 
genome database. The ANI was calculated with the online 
ANI calculator (​h​t​t​p​​s​:​/​​/​w​w​w​​.​e​​z​b​i​​o​c​l​o​​u​d​.​​n​e​t​​/​t​o​o​l​s​/​a​n​i) [37], 
while AAI was determined using the online AAI calculator (​
h​t​t​p​​:​/​/​​e​n​v​e​​-​o​​m​i​c​​s​.​c​e​​.​g​a​​t​e​c​​h​.​e​d​u​/​a​a​i​/) [38]. Additionally, the 
dDDH value was obtained using the Genome-to-Genome 
Distance Calculator version 3.0 (GGDC) [39].

Results and Discussion

Morphological, Physiological, and Biochemical 
Characteristics

Scanning electron microscopy showed that the cells of 
strain SDUM112013T were ovoid and lacked flagella 
(Fig. S1), consistent with the morphology of its close 
relative S. aestuarii JCM 14332T. Strain SDUM112013T 
exhibited susceptibility to chloramphenicol, penicillin, 
ampicillin, carbenicillin, cefotaxime and ceftriaxone, but 
resistance to vancomycin and lincomycin. Although the 
strain SDUM112013T hydrolyzed starch, alginate and 
casein, it did not produce catalase and showed no hydro-
lytic activity against CM-cellulose or Tweens (20, 40, 60, 
and 80). According to the results of commercial kits, all the 
three strains produced alkaline phosphatase and acid phos-
phatase, but did not produce α-mannosidase, α-fucosidase. 
Given these results, the ability of strain SDUM112013T to 
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Chemotaxonomic Characteristics

The major fatty acids (> 5%) of strain SDUM112013T 
included C16:0 (5.3%), C17:0 (8.7%), C18:1 ω7c 11-methyl 
(11.3%), summed feature 8 (C18:1 ω7c and/or C18:1 ω6c) 
(56.8%) which were similar in composition to those of 
other species in genus Shimia (Table  2). Notably, C18:1 
ω7c or summed feature 8 (C18:1 ω7c and/or C18:1 ω6c) 
consistently dominates over 50% of the total fatty acids 
in each of the three species. The sole respiratory qui-
none was identified as ubiquinone-10, consistent with 
reference strains. The dominant polar lipids of strain 
SDUM112013T were comprised of phosphatidylglycerol 

utilize substrate was stronger than S. aestuarii JCM 14332T 
and S. marina JCM 13038T. Detailed phenotypical features 
were listed in species description as well as in Table  1. 
Unexpectedly, during routine cultivation experiments, 
strain SDUM112013T demonstrated remarkable resilience 
by maintaining viability after 180 days of laboratory incu-
bation at 33°C, and successfully reactivating with robust 
metabolic activity.

Table 1  Physiological and biochemical characteristics of strain 
SDUM112013T and closely related Shimia species. Strains: 1, 
SDUM112013T; 2, S. marina JCM 13038T 3, S. aestuarii JCM 14332T. 
Reference data for other strains came from published studies, only the 
data from strain SDUM112013T came from this research. -, negative; 
+, positive; W, weakly positive
Characteristic 1 2 3
Habitat (isolation) Intertidal 

zone 
(sediment)

Coastal 
fish farm, 
(biofilm)a

Tidal flat,
(sediment)b

Cell morphology Ovoid Roda Ovoidb

Cell size 0.6–1.0 × 
1.2–1.8

0.3–0.6 × 
0.8–3.6a

0.4–0.6 × 
1.1–5.3b

Pigmentation Cream Colour-
less or 
beigea

Creamb

Motility - +a -b

Temperature range (opti-
mum) for growth (°C)

20–37 
(28–35)

15–35 
(30–35)a

15–35 
(35)b

pH range (optimum) for 
growth

6.0–9.0 
(7.0)

6.0–10.0a 6.0–11.0 
(7.0)b

NaCl range (optimum) for 
growth (%, w/v)

1–7 (3–4) 3–7a 1–7 (2)b

API 20NE test results
Indole production - -a -b

Fermentation of d-glucose - -a -b

Urease - -a -b

API ZYM test results
Alkaline phosphatase + +a +b

Esterase (C4), esterase lipase 
(C8)

+ Wa Wb

Leucine arylamidase + +a +b

Valine arylamidase W -a -b

Acid phosphatase + Wa +b

Naphthol-AS-
Biphosphohydrolase

+ +c +b

α-mannosidase - -a -b

α-fucosidase - -a -b

Utilization of:
d-ribose + -a Wb

d-xylose W -a +b

d-fructose + -a -b

Data from: a [1]; b [7]; c [14]

Table 2  Cellular fatty acid contents (%) of strains
Fatty acid 1 2 3
Saturated
C16 : 0 5.3 4.2 6.8
C17 : 0 8.7 ND 1.4
C18 : 0 2.1 4.1 3.0
Branched chain
Anteiso-C15 : 0 0.6 ND ND
Iso-C16 : 0 ND ND ND
Unsaturated acids
C17 : 1ω8c 0.6 ND ND
C17 : 1ω6c 0.7 ND ND
C18 : 1ω7c ND 64.1 68.0
C18 : 1ω7c 11-methyl 11.3 10.6 12.0
C20 : 1ω7c 0.9 ND ND
Hydroxy acids
C10 : 0 3-OH 2.1 2.1 1.3
C11 : 0 3-OH 0.5 ND ND
C12 : 0 3-OH ND 1.0 ND
C15 : 0 2-OH ND ND ND
C16 : 0 2-OH 2.4 3.9 3.8
C17 : 0 2-OH 1.2 ND ND
Iso-C17 : 0 3-OH ND ND ND
C18 : 0 2-OH 0.6 ND ND
Summed features a

1 0.5 ND ND
8 56.8 ND ND
Strains:1, SDUM112013T; 2, S. marina JCM 13038T; 3, S. aestuarii 
JCM 14332T. ND, not detected or less than 0.5%. Reference data for 
other strains came from published studies, only the data from strain 
SDUM112013T came from this research
The data about S. marina JCM 13,038T 3, S. aestuarii JCM 14,332T 
were taken from Choi and Cho [1], Hana Yi and Jongsik Chun [7], 
respectively
a Summed feature refer to groups of two or three fatty acids that could 
not be separated by the Microbial Identification System. Summed 
feature 1 comprises iso-C15:1 H and/or C13:0 3-OH; summed feature 8 
comprises C18:1ω7c and/or C18:1ω6c
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Shimia aestuarii JCM 14332T (97.91%). In addition, strain 
SDUM112013T showed the 16S rRNA gene sequence simi-
larity of 96.82% with S. marina JCM 13038T, which was the 
type species of the genus Shimia (Fig. 1). In phylogenetic 
trees constructed using neighbor-joining (NJ), maximum 
parsimony (MP) and maximum likelihood (ML) methods, 
strain SDUM112013T was placed within the clade of genus 
Shimia (Fig. S3). Both the sequence similarities and phylo-
genetic relationships establish the strain SDUM112013T’s 
affiliation with the genus Shimia and support its designation 
as a novel species.

Genomic Analysis

The draft genome of strain SDUM112013T (Genbank acces-
sion number: JBBPEU000000000) comprises 3,823,137 bp 

(PG), phosphatidyldimethylethanolamine (PME), diphos-
phatidylglycerol (DPG) and phosphatidylethanolamine 
(PE) (Fig. S2).

Phylogenetic Analysis of 16S rRNA Gene Sequences

The 16S rRNA gene of strain SDUM112013T was success-
fully amplified and sequenced, yielding a 1,328 bp sequence 
deposited in Genbank (accession number: PP555935). 
Through whole genome sequencing, an additional 16S rRNA 
(1,464 bp; Genbank accession number: PP892595) exhibit-
ing 100.0% identity with the PCR amplification (1,328 bp) 
across comparable regions was extracted and employed for 
comparative analysis. BLAST analysis revealed that strain 
SDUM112013T exhibited the highest sequence similarity 
with Shimia sediminis KCTC 62578T (98.12%), followed by 

Fig. 1  Heatmap comparing 
genomic relatedness met-
rics between Shimia fortis 
SDUM112013T (designated as 
100% for all metrics) and 31 
closely related type strains from 
the phylogenomic tree. Met-
rics shown are 16S rRNA gene 
sequence similarity, ANI, AAI 
and dDDH values. All compared 
strains are type strains. Paracoc-
cus denitrificans at the bottom 
of the heatmap serves as the 
phylogenetic root and genomic 
reference point, exhibiting 
consistently low values across all 
metrics
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rRNA [41], ≥ 95% for ANI [42], and ≥ 70% for dDDH [43]. 
Furthermore, the complete all-vs-all numerical matrices for 
these four metrics are provided in Supplementary Dataset 
S1 (an Excel file containing separate sheets for 16S rRNA 
gene sequence similarities, ANI, AAI and dDDH values). 
These results support that the new isolate represents a novel 
species of the genus Shimia.

Detailed information on gene number and metabolic 
function annotated by KEGG is available (Fig. S4). The IQ 
tree conducted using the genomes is shown in Fig. 2, which 
further corroborates the conclusion drawn from the analyses 
based on 16S rRNA gene sequences.

Metabolic Pathways

The metabolic pathways were analyzed for all Shimia spe-
cies except Shimia aquaeponti whose genome is not avail-
able in NCBI (Fig. 3). All thirteen strains share identical ATP 
synthesis, sulfur metabolism and partial fatty acid metabo-
lism. Furthermore, all Shimia members possess similar ubi-
quinone biosynthesis (M00117), potentially explaining their 
shared respiratory quinone, ubiquinone-10. Comparative 
analysis revealed an unusual feature within energy metabo-
lism: only S. ponticola possesses the complete anoxygenic 
photosystem Ⅱ (M00597), explaining its unique, geneti-
cally encoded photosynthetic capacity utilizing BChla. In 
particular, within the genus Shimia, strain SDUM112013T 
is unique in possessing a complete ectoine biosynthesis 
(M00033) pathway, a metabolic capability absent in all 
other characterized Shimia species. Ectoine, a well-charac-
terized compatible solute, acts as a potent osmoprotectant 
by stabilizing cellular macromolecules and maintaining 
membrane integrity under extreme conditions such as high 
salinity, desiccation, or temperature fluctuations [44]. In 
strain SDUM112013T, ectoine biosynthesis proceeds via a 
five-step enzymatic cascade mediated by aspartate kinase 
(EC 2.7.2.4), aspartate-semialdehyde dehydrogenase (EC 
1.2.1.11), diaminobutyrate-2-oxoglutarate transaminase 
(EC 2.6.1.76), l−2,4-diaminobutyric acid acetyltransferase 
(EC 2.3.1.178) and l-ectoine synthase (EC:4.2.1.108) (Fig. 
4). This pathway not only enables osmotic balance under 
laboratory cultivation but also enhances survival in complex 
natural habitats.

Significantly, this metabolic trait may directly correlate 
with the observed experimental phenomenon wherein strain 
SDUM112013T retained viability after 6 months of extended 
laboratory cultivation and could be successfully reactivated. 
Ectoine’s role in preserving enzymatic activity and prevent-
ing protein aggregation during prolonged cultivation pro-
vides a plausible mechanistic basis for this revival capacity. 

(53 contigs; N50 = 276,378 bp; longest contig 683,808 bp) 
with 150× coverage depth. Evaluation of genome quality 
indicated 97.6% completeness and a 0.8% contamination 
level, fulfilling the required standards of >95% complete-
ness and <5% contamination [40]. The genome annotation 
of S. aestuarii JCM 14332T, S. marina JCM 13038T and 
their comparative analysis with strain SDUM112013T are 
summarized in Table 3. Only one 16S rRNA gene sequence 
(1,464 bp; Genbank accession number: PP892595) was 
extracted from the genome. The DNA G + C content of 
strain SDUM112013T was 59.8%, which was similar to S. 
aestuarii JCM 14332T (60.5%) and S. marina JCM 13038T 
(57.5%). Comparative genomic analysis (Fig. 1) revealed 
that strain SDUM112013T exhibited 16S rRNA gene 
sequence similarities, average nucleotide identity (ANI), 
average amino acid identity (AAI), and digital DNA-DNA 
hybridization (dDDH) values below established species 
delineation thresholds when compared to all currently 
recognized type strains within the genus Shimia and other 
closely related taxa. Specifically, the highest 16S rRNA 
gene sequence similarity was observed with Shimia sedi-
minisT (98.12%), the highest ANI value was observed with 
Shimia thalassicaT (82.75%), and the highest dDDH value 
was observed with Shimia aestuariiT (20.50%), all signifi-
cantly below the respective thresholds of ≥ 98.65% for 16S 

Table 3  Genome statistics of strain SDUM112013T and the related 
Shimia species

1 2 3
Genome size 
(bp)

3,823,137 4,059,992 4,226,671

N50 value 
(bp)

276,378 323,790 312,137

Contigs (no.) 53 32 27
Genome 
coverage

150.0× 270.0× 252.0×

G + C content 
(%)

59.8 57.5 60.5

Annotation by the NCBI Prokaryotic Genome Annotation Pipeline 
(PGAP)
Genes (no.) 3,686 3,952 4,136
Protein-
coding genes 
(no.)

3,617 3,866 4,035

tRNA (no.) 47 47 50
rRNA (no.) 3 5 9
ncRNA (no.) 3 3 3
DDBJ/ENA/
GenBanK

JBB-
PEU000000000

FOMU00000000 FOTQ00000000

accession 
number
Strains:1, SDUM112013T; 2, S. marina JCM 13038T; 3, S. aestuarii 
JCM 14332T. All data were obtained from this study
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significant enrichment of glycosyltransferases (GT domi-
nance in CAZy, Fig. S6), suggesting an enhanced capacity 
for complex glycoconjugate synthesis. High gene counts in 
secondary metabolite biosynthesis (COG category Q: 99 
genes, Fig. S5) and cofactor/vitamin metabolism (KEGG: 
54 genes) indicate feasibility for novel bioactive compound 
discovery. Coupled with conserved sulfur metabolism 
across Shimia (Fig. 3), these traits merit targeted investiga-
tion into antimicrobial or enzymatic applications inherent to 
marine-derived bacteria.

Taxonomic Conclusion

Based on comprehensive physiological, chemotaxonomic, 
phylogenetic, genomic, and metabolic analysis, strain 
SDUM112013T is considered to represent a novel species 
of the genus Shimia, for which the name Shimia fortis sp. 
nov. is proposed.

Furthermore, the absence of ectoine biosynthesis genes in 
closely related Shimia species suggests a unique evolution-
ary adaptation in strain SDUM112013T, positioning it as a 
valuable model for studying stress tolerance mechanisms in 
marine bacteria. To deepen this insight, future investigations 
targeting ectoine-hydroxyectoine transcriptional regulation 
under extended cultivation conditions could further eluci-
date this connection. Building upon these metabolic advan-
tages, the distinctive feature of Shimia fortis SDUM112013T 
may enable biotechnological applications, particularly as a 
candidate for osmoprotectant production in biostabilization 
formulation.

Turning to functional evidence, the cluster of ortholo-
gous groups of proteins predictions based on the COG data-
base annotation is shown in Fig. S5. The proteins related to 
amino acid transport and cell cycle control, cell division, 
chromosome partitioning, are much richer than other pro-
teins which indicated the abundant metabolic activities. 
Simultaneously, analysis using the CAZy database showed 

Fig. 2  Phylogenomic tree of strain SDUM112013T and closely related 
taxa. Constructed with IQ-TREE, visualized with ChiPlot [32]. All 
bootstrap values are indicated on the nodes, based on 1000 replicates. 

Paracoccus denitrificans ATCC 17741T (GCF_000203895.1) was 
employed as the outgroup. Bar indicates substitutions per nucleotide 
site
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d-tagatose, d-turanose (weakly), d-lyxose (weakly), potas-
sium 5-ketogluconate, potassium 2-ketogluconate (weakly). 
Oxidizes the following sole carbon sources: glucuronamide, 
d-glucuronic acid (weakly), l-malic acid, bromo-succinic 
acid, acetic acid, acetoacetic acid, α-hydroxy-butyric acid. 
Major cellular fatty acids (≥ 5%) include C16:0, C17:0, C18:1 
ω7c 11-methyl and summed feature 8 (C18:1 ω7c and/or 
C18:1 ω6c). The sole respiratory quinone is Q-10. The polar 
lipids consist of PG, PME, DPG and PE.

The type strain is SDUM112013T (= KCTC 
8307T = MCCC 1H01481T), which was isolated from 
intertidal sediments of Xiaoshi Island, Weihai, China. The 
GenBank accession number for the more complete 16S 
rRNA gene sequence extracted from the genome of strain 
SDUM112013T is PP892595 and the draft genome data has 
been deposited in Genbank under the accession number 
JBBPEU000000000. The DNA G + C content of type strain 
is 59.8% with a genome size of 3.8 Mbp.

  

Description of Shimia fortis sp. nov

Shimia fortis (for’ tis. L. fem. adj. fortis, strong, referring 
to the fact that the strain is still viable after six months of 
laboratory cultivation).

Colonies are beige, circular, convex and smooth at 
33  °C on MA. Cells are Gram-stain-negative, non-motile 
and aerobic with ovoid shape. Growth occurs at pH 6.0–
9.0 (optimum 7.0), temperatures of 20–37  °C (optimum, 
28–35  °C) and with 1–7% (w/v) NaCl (optimum, 3–4%). 
Strains produce alkaline phosphatase, esterase (C4), 
esterase lipase (C8), leucine arylamidase, naphthol-AS-
BI-phosphohydrolase; show weak activity for valine aryl-
amidase. Starch, alginate and casein are hydrolyzed, but 
CM-cellulose and Tweens (20, 40, 60, and 80) are not. 
Catalase is not produced. Acid is produced from d-arabi-
nose (weakly), l-arabinose (weakly), d-ribose, d-xylose 
(weakly), l-xylose (weakly), fructose, l-sorbose, esculin, 

Fig. 3  A heatmap of metabolic pathway completeness in the genomes of strain SDUM112013T and type strains of all other published Shimia spe-
cies (except Shimia aquaeponti) based on KEGG annotations
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